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ABSTRACT

After the soil at a Superfund site has been remediated it is necessary
to determine if the remediation effort has been successful. This determination
involves comparing concentrations in soil at the remediated site with cleanup
standards. The cleanup standard may be based on technological capabilities,
a risk assessment, or site-specific background concentrations_ In this paper
we discuss an approach for using two complementary nonparametric tests, the
Wilcoxon Rank Sum (WRS) test and the Quantile test, to assess attainment of
site-specific background standards at remediated Superfund sites. The tests
are complementary in the sense that the WRStest is more powerful than the
Quantile test to detect shift alternatives, i.e., to detect when the remedial
action failed more or less uniformly throughout the Superfund site, whereas
the Quantile test has more power than the WRStest to detect mixture
alternatives, i.e., to detect when remedial action was inadequate in only a
portion of the site. The approximate minimum power of the Quantile test is
obtained and used to develop sample size tables for the test. A simple "hot
spot" test is also used to insure that remedial action is conducted at least
locally when any measurement exceeds a specified upper-limit value Hs.

(a) Work supported by the U.S. Environmental Protection Agency under a Relat'ed
Services Agreement with the U.S. Department of Energy, Contract
DE-ACO6-76RLO1830. Pacific Northwest Laboratory is operated for the tj.S+
Department of Energy by Battelle Memorial Institute.
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1. INTRODUCTION

After the soil at a Superfund site has been remediated it is necessary
to determine if the remediation effort has been successful by comparing
concentrations in soil at the remediated site with a cleanup standard. The
cleanup standard may be a single number, assumed known with no uncertainty,
that was derived on the basis of a risk assessment. USEPA(1989) provides
statistical tests to assess if a soils-remediation effort has succeeded at
attaining this type of risk-based standard.

If the contaminant(s) at the Superfund site also occur naturally or have
been deposited from regional or world-wide activities of man, then site-
specific background standards may be used in addition to or instead of risk-
based standards. This paper presents a strategy for using nonparametric tests
to assess if a soils remediation effort has succeeded in attaining site-
specific background standards. The strategy is intended to provide statistical
sampling and testing procedures that are simple to use yet provide reasonable
power to detect when remedial action has not fully succeeded.

The main features of the testing strategy are as follows.

I. Relatively simple sampling and testing procedures are used to promote
wider understanding and use by nonstatisticians.

2. The null and alternative hypotheses that are used are

Ho: Cleanup Standard Achieved
Ha: Cleanup Standard Not Achieved (I)

These hypotheses are the reverse of those that are used in USEPA
(1989)for risk-basedstandards:

Ho: Cleanup StandardNot Achieved (2)
Ha: Cleanup standardAchieved

The hypothesesin Equation2 are not used here for background
standardsbecause they would requirethat the Superfund-sitemeasurements
lie demonstrablybelow the backgroundmeasurementsbefore acceptingHa
that the backgroundcleanupstandardhad been achieved.

3. The remediated superfundsite may be divided into cleanup units for which
separatedecisionswill be made using statisticaltests.

4. Nonparametrictests are used primarilyto avoid the unrealisticnormal-
distributionassumptionand to provide increasedcapabilityto handle
moderateor large numbersof less-thandata (data less than the detection
limit).

5. Two complementarynonparametrictests are used: the WilcoxonRank Sum
(WRS) tes_ (Conover 1980) and the Quantile test (johnson et al. 1987).
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This dual testing is done so that non-attainment of standards frown both
uniform or partial failure of the remedial action can be detected.

6 A simple "hot spot" test is used in addition to the WRSand Quantile
tests. Specifically, if any measurement at the remediated site exceeds

.... a prespecified value Hs, then some type of additional remedial action is
required, at least locally, regardless of the outcome of the WRSand
Quantile tests. The value chose for Hs might be determined by
negotiation between the U.S= Environmental Protection Agency or a similar
state agency and the Superfund site owner/operator. The value of Hs
might be based on a risk assessment or on the distribution of background
measurements.

7. The number of samples required to achieve specified power levels will
differ for the WRSand Quantile tests. The following rules are suggested
for deciding the number of samples to collect:

i) If failure of remedial action is likely to leave concentrations
uniformly too large, use the number of samples required for the WRS
test.

ii) If failure of remedial action is likely to leave concentrations
too large in only some areas, use the number of samples required
for the Quantile test.

iii) If there is little difference between the number of samples
determined for the two tests, or if there is little or no
information about patterns of contamination that may remain, use
the larger of the two sets of sample sizes determined for the two
tests.

8. Random-start triangular grid sampling is used except when the remedial
action method is expected or known to leave contamination in a pattern
that could be missed by a triangular grid, in which case unaligned
systematic grid sampling (Cochran 1977; Gilbert 1987) is recommended.

9. Resampling and retesting, rather than multiple-comparison tests (Hochberg
and Tamhane 1987; Miller 1981), are used to maintain Type I error rates
of individual tests to acceptable levels. Multiple-comparison tests are
not used because they have reduced power to detect non-attainment of
background standards. High power is needed to protect the public (see
the hypotheses in Equation I).

The above strategy can be applied in combination with more computationally
intensive geostatistical methods (USEPA1989) when the data base is sufficient
to support those methods. Also, an evaluation of the number of samples
required to detect hot spots of a given size (Gilbert 1987) can also provide
a perspective on the probability of missing hot spots when the number of
samples required for the WRSand Quantile tests are collected.
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Section 2 gives definitions, assumptions, and the two contamination
scenarios considered in this paper. Sections 3 and 4 discuss the WRStest
and the Quantile test, respectively. A summary is given in Section 5.

2.0 DEFINITIONS,ASSUMPTIONS,AND SCENARIOS

2.1 DEFINITIONS

Cleanup Units: geographical areas of specified size and shape at the
remediated Superfund site for which separate decisions
will be made whether each unit attains the site-specific
background standard for the designated contaminant
(pollution parameter).

Background Reqion: the geograPhical region from which background areas will
be selected.

Background Areas: the site-specific geographical areas from which
representative background samples will be selected for
comparison with samples from specific cleanup units at
the remediated Superfund site.

At some Superfund sites a single background area may not be suitable for
all cleanup units because the units may have different physical, chemical, or
biological characteristics. The number and size of cleanup units in the
remediated Superfund site will depend on many factors including the size of
the site, past and future use of the site, whether the type of remedial action
is likely to leave residual contamination in a known pattern, and geographical
features (hill-sides, ponds, flat land, etc.).

2.2 ASSUMPTIONS

The following assumptions are used in this document (taken in part from
Liggett 1984).

i. The background area contains no contamination from the Superfund site
being tested.

2. The background area does not differ from the cleanup unit in physical,
chemical, or biological characteristics that are extraneous to the
question of excess contamination in the cleanup unit but that might cause
measurements in the background area and the cleanup unit to differ.

3. There is no requirement that the site be remediated to levels less than
those in the site-specific background area.



4. Contaminant concentrations in the background area and cleanup units do
not cycle or change significantly during the sampling period.

5. Measurements are not spatially correlated.

2.3 CONTAMINAIIONSCENARIOS

Suppose that contamination above background levels is still present in
the remediated cleanup unit being tested. Two types of contamination scenarios
for the cleanup unit are considered in this paper:

I. Shift Alternative Scenario:

Remedial action has failed more or less uniformly throughout the cleanup
unit so that the distribution of measurements in the cleanup unit is
simply shifted to the right (to higher values) of the background
distribution for the pollution parameter of interest.

The Wilcoxon Rank Sum (WRS) test is used for this contamination scenario
(Section 3).

2. Mixture Alternative Scenario:

Concentrations in only a proportion, c, of the soil in the remediated
cleanup unit still exceed concentrations in the applicable background
area. That is, the distribution of lOOc_ of the measurements in the
remediated cleanup unit are shifted to the right of the distribution in
the background area.

The Quantile test has greater power than the WRStest for this
contamination scenario (Section 4).

3.0 UNIFORMRESIDUALCONTAMINATIONANDTHE WILCOXONRANKSUMTEST

If the remedial action procedure has potential for leaving concentrations
in the cleanup unit that are more or less uniformly higher than background
levels, then a test that is designed to detect such a "shift" is needed. The
Wilcoxon test is known to have good power for this case (Conover 1980, p. 225;
Lehmann 1975; Helsel and Hirsch 1987). Also, the Wilcoxon test can be used
when less-than data are present by treating those data as having a single
value less than the smallest measured value.

3.1 HYPOTHESES

Whenusing the WRStest, the hypotheses in Equation I can be stated as

Ho: Pr = I/2 (3)
Ha: Pr > I/2



where

Pr = probability that a measurement of a sample collected at a
random location in the cleanup unit is greater than a (4)
measurement of a sample collected at a random location in
the background area.

The hypotheses are stated in the form given by Equation 3 rather than in
the more commonly used shift form primarily because (I) the shape or form of
the distribution of measurements in the cleanup unit need not be specified, and
(2) the formula used to approximate the number of samples (Equation 5 below)
is expressed in terms of Pr.

The "cleanup standard" for the WRStest is the value of Pr given in the
Ho, namely Pr = 1/2. If the distribution of measurements at the remediated
cleanup unit is identical to that in the applicable background area then
Pr = I/2. If Pr > i/2, then some or all of the distribution of measurements
in the remediated cleanup-unit lies to the right of the distribution for the
background area.

3.2 NUMBEROF REQUIREDSAMPLES

Let m and n denote the number of measurements in the background area and
the cleanup unit being compared with the background area. Let N = m + n.
Then N may be determined using the approximate formula (from Noether 1987)

+ Z _#12(Zl-= I
N = ............... (5)

12c(i - c)(Pr - 0.5)2

where _ and # are the specified T)'pe I and II error rates, ZI-_ and ZI-# are
the standard normal deviates that cut off (100_)_ and (100#)4 of the upper
tail of the standard normal distribuL;on, c = m/N, and Pr was defined in
Equation 4. Using N from Equation 5 we can compute

m = cN and n = N - m (6)

3.2.1 Specifying

The parameter c must be specified to use Equations 5 and 6. One way to
determine c is to assume that the distribution of measurements in both the

background and cleanup units is Gaussian and that the ratio of standard
deviations, v = ab/oc, is known or can be estimated, where ob and ac are the
standard deviations for the background area and the cleanup units,
respectively. Then we may compute c as follows (Hochberg and Tamhane 1987,
p. 202):

c = v2hl/2/(v2h I/2 + I) (7)

where h is the number of cleanup units that will be compared with the
background area.



Equation 7 minimizes the sum (or the maximum) of the variances of the
differences in background and cleanup-unit means. If only one cleanup unit is
being compared with background, then Equation 7 gives c = 0.5 if v = i.

in practice, the distributions are not likely to be Gaussian and v will
be unknown. Hence, Equation 7 is a rough approximation at best, but the data
so obtained can be used to estimate v and evaluate the form of the
distributions that are actually present.

3.2.2 Alternative Expressions of Pr

A value of Pr must also be specified to use Equation 5. As discussed by
Noether (1987) it may be easier to fix in ones mind a value of the odds ratio,
d, rather than a value of Pr, where

probability a cleanup-unit measurement is

larger than a background measurementd = probabi.ity a cleanup-unit measurement is
(8)

smaller than a background measurement

= Pr/(l - Pr).

Hence, if d is spLcified, we can compute

Pr : d/(Z - d)

for use in Equation 5.

Alternatively, for the case of Gaussian distributions when the cleanup-
unit distribution is simply shifted to the right of the background distribution
by the amount A (in units of standard deviation), then

Pr = _(0.707A)

where _(0.707A) is the probability that a standard normal deviate is less than
0.707A. The parameter A is discussed further in Section 4.1.

3.2.3 Computing the WRSTest

The WRStest is well known and described in many statistics books, e.g.,
Conover (1980). The WRStest statistic when m and n are large is

Wrs - n(N + I)/2Zrs : (9)

{(nm/12)[N + i-j____itj(tj 2 - I)/N(N+I)]} I/2

where Wrs is the sum of the ranks of the n samples from the cleanup unit, g
is the number of tied groups, tj is the number of tied data in the jth group,
and n, m, and N have been previously defined. Whenm > I0 and n > i0, Zrs
is referred to the standard normal distribution to decide whether to reject
Ho. When m < I0 and n < i0, the exact distribution of Wrs is used to test Ho
using tables in, e.g., Hollander and Wolfe (1973).



Example I. Measurements of 1,2t3,4-Tetrachlorobenzene (TcCB)

This example is based on measurements of 1,2,304-Tetrachlorobenzene (TcCB)
(ppb) taken at a contaminated site and a site-specific background area.
m = 47 and n = 77 for a total of N = 124.

I. The ordered background-area and cleanup-unit measurements are as
follows:

Background Cleanup Unit ___t'

Data Rank Data Rank
ND i

0.09 2.5 2
0.09 2.5
0.12 4.5 2
0.12 4.5
0.14 6
0.16 7
0.17 9 3
0.17 9
0.17 9
0.18 ii
0.19 12
0.20 13.5 2
0.20 13.5
0.21 15.5 2
0.21 15.5

0.22 18.5 0.22 18.5 4
0.22 18.5
0.22 18.5

0.23 21.5 0.23 21.5 2
0.24 23
0.25 25.5 4
O.25 25.5
O.25 25.5
025 25.5

0.26 28.5 0.26 28.5 2
0.27 30
0.28 32.5 0.28 32.5 4
0.28 32.5 0.28 32.5
0.29 35.5 0.29 35.5 2

0.31 37
0.33 39.5 0.33 39.5 4

0.33 39.5
0.33 39.5

0.34 42.5 0.34 42.5 2
0.35 44

0.37 45
0.38 46.5 0.38 46.5 2
0.39 49 0.39 49 3
0.39 49



0.40 51
0.42 52.5 2
0.42 52.5
0.43 55 0.43 55 3

0.43 55
0.45 57
O.46 58

0.47 59
0.48 61 0.48 61 3

0.48 61
0.49 63

0.50 64.5 2
0.50 64.5
0.51 67 _).51 67 3

0.51 67
0.52 69
0.54 70.5 0.54 70.5 2
0.56 72.5 2
0.56 72.5
0.57 74.5 2
0.57 74.5
0.60 76.5 0.60 76.5 2

0.61 78
0.62 79.5 0.62 79.5 2
0.63 81
0.67 82
0.69 83
0.72 84
0.74 85

0.75 86
O.76 87
0.79 88
0.81 89
0.82 90.5 0.82 90.5 2
0.84 92

0.85 93
0.89 94

0.92 95
0.94 96
1.05 97
i.i0 98.5 2
1.10 98.5

I.Ii I00
1.13 I01
1.14 102.5 2
1.14 102.5

1.19 104
1.20 105

1.22 106
1.33 107.5 1.33 107.5 2

I .39 109.5 2
i .39 109.5
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1.52 111
1.53 112
1.73 113
2.35 114
2.46 115
2.59 116
2.61 117
3.06 118
3.29 119

' 5.56 120
6.61 121
18.40 122
51.97 123

168.64 124

Wrs = Sumof Ranks of Cleanup Unit = 4585

2. As ties are present we compute_ tj(tj2 - 1)/2 for use in the
j=l

denominator of the WRStest (Equation 9):

There are g = 30 groups of ties: 21 groups with tj = 2; 5 groups with
tj = 3; and 4 groups with tj = 4. Therefore,

Number of Product of Column 2

tj Groups tj(tj2 - I) and Column 3

2 21 6 126
3 5 24 120
4 4 60 240

Sum = 486

Hence, _tj(tj2 - 1)/2 = 486.
j=l

3. Using Equation 9 we obtain

4585 - 77(124 + I)/2
Zrs =

{(77"47/12)[124 + i- 486/(124(124+I)]} 1/2
= -1.17 ,

which is non-significant at the _ = 0.05 level since -1.17 < 1.645.

4. Conclusion: The WRStest provides no evidence that remedial action
has failed to attain the background cleanup standard
of Pr _ I/2.

5. In Section 4. we will see that the Quantile test is statistically
significant for this data set.

i0
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4.0 "SPOTTY"RESIDUALCONTAMINATIONAND THE QUANTILE TEST

The nonparametric "Quantile test" was developed by Johnson et al. (1987)
to detect changes in a small proportion of a treated population. However, this
test can also be used to test for attainment of background standards.

Briefly, the Quantile test is performed by first ordering the combined
background and cleanup-unit data. Then a count is made of the number of
measurements from the cleanup unit that are in the largest lO0(l-q)_ of the
combined set of N = m + n measurements (defined above) and q is a specified
proportion of the distribution of combined measurements. Before proceeding
we need to define:

r = number of largest measurements among the N combined
background-area and cleanup-unit measurements that must
be examined,

k = number of measurements from the cleanup unit that are among
the r largest measurements

= test statistic for the Quantile test.

To illustrate the Quantile test, if Xg is the 90rh quantile of the
combined data set, i.e., if q = 0.90, and if m = n = 50, then the test
statistic for the Quantile test is the number, k, of measurements from the
cleanup unit that are among the r = (I - q)(m + n) = 0.10(50 + 50) = 10 largest
measurements of the combined data set. If k is sufficiently large, as
determined using the hypergeometric distribution or (for large r) the standard
normal distribution, then we conclude that the cleanup unit has not attained
the cleanup standard.

4.1 HYPOTHESES

The null and alternative hypotheses used for the Quantile test are

Ho: c = O, A = 0 (10)
Ha: c > O, A > 0

where

= proportion of the soil in the cleanup unit that has not
been remediated to the background standard, and

A = amount (in units of standard deviation) that the distribution
of lOOe_ of the measurements in the remediated cleanup unit
is shifted to the right (to higher measurements) of the
distribution in the background area.

The "cleanup standard" for the Quantile test is c = 0 and A = O.

II



Figures I and 2 illustratethe distributionof measurementsfor a
hypotheticalpollutionparameterin the remediatedcleanupunit and the
backgroundarea to which it is being compared. In Figure 1, _ = 0.10 and
A 4, i.e., the measurementsof the pollutionparameterin I00(_)_= I0_ of
the cleanupunit have a distributionthat is shifted to the right of the
distributionof that pollutionparameterin the backgroundarea by A = 4
standard-deviationunits. As seen in Figure I, when A is this large, the
distributionof measurementsfor the entire cleanup unit has a distinct bimodal
appearance. The Quantile test has more power than the WRS test for this
situation.

In Figure 2, E = 0.25 and A = 1. Figure 2 illustratesthat when A is
small, the distributionof measurementsfor tileentire cleanup unit does not
have a bimodal appearance. The WRS test has more power than the Quantile
test for this situation.

i

When e!= I, then the distributionof measurementsin the cleanup unit is
the same as the distributionin the backgroundarea except that it is shifted
to the right by the amountA > O. In that case, and more generallywhenever
is close to I, the WRS test w_ll have more power than the Quantile test.

4.2 CONDUCTINGTHE QUANTILE TEST WHEN q IS PRESPECIFIED

When q is prespecifiedthe quantiletest is conductedas follows (from
Johnson et al. 1987):

1. Select a value of q greaterthan 0.5 and less than 1.0 (q = 0.90 is
recommended;see Example2 below).

2. DetermineR1, R2,...,Rn,which are the ranks of the n cleanup-unit
measurementsin the combinedset of N : m + n backgroundplus cleanup-
site measurements. (johnsonet al. 1987, used averageranks when ties
were present.)

3. Compute the quantiletest statisticsk, where

n
k = Z] J[Ri/(m+n+1)] (11)

i=l

where

J[Ri/(m+n+l)] = i if q < Ri/(m+n+l) < I
= 0 otherwise (12)

From Equations II and 12 we see that k is the number of cleanup..unit
measurements for which Ri/(m+n+1) exceeds q.

4. Compute the probability, P, of obtaining a value of k as large ,Dr larger
than the observed k if, in fact, the Ho is true:

12
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N - r r

r (n i ) (i)
P : _ (13)

i=k (N)n

where r = (1-q)N.

5. If r is large, say r > 20, then the normal distribution may be used to
conduct the test. Compute

k - 0.5 - XBARZ = SD

where

nrXBAR = m+n

= mean of the hypergeometric distribution

and

SD = I mnr(m + n - r) ]I/2L (m + n)2(m + n - 1)]

= standard deviation of the hypergeometric distribution.

Refer Z to the standard normal tables to determine the significance of the
test result.

Example 2. The Quantile Test

This example (from Johnson et al. 1987) illustrates the computation
of k for a data set for which m = n = I0. Johnson et al. (1987) used
q =0.8.

i Ri Ri/(m+n+l) J [Ri/(m+n+l)

I i 0.0476 0
2 5 0.238 0
3 7 0.333 0
4 II .5 0.548 0
5 14 0.666 0
6 16 0.762 0
7 17 0.810 I
8 18 0.857 i
9 19 0.905 i

i0 20 0.952 I

Quantile Statistic: k = 4

14



t

Using Equation ]3 , Johnson et al. (1987) computed P = 0.042, which
implies that Ho:e = O, A = 0 is rejected at the 0.05 significance level.

4.3 SPECIFYINGTHE VALUEOF q

In Example 2, note that if q = 0.9 had been used, then r = 2, k = 2, and
Equation 13 would have given P = 0.237. Hence, a test at the 0.05 significant
level could not have been conducted. To assure that 0.05 or 0.01 tests can
be conducted when m and n are small we suggest the following rules.

I. If m < 20 and n < 20, then a Quantile test with a = 0.05 cannot be
achieved with a q as large as 0.90. To achieve an approximate _ = 0.05
test when m < 20 and n < 20 set r = 4.

2. For similar reasons, to achieve an approximate _ = C.Ol test when m < 20
and n < 20, set r = 6.

If m > 20 and n > 20, we recommend using q = 0.90 to ensure that only
the upper tail of the combined data distribution is "examined" by the Quantile
test. That is, when q = 0.90, the Quantile test will be "looking at" the
data in a different way than the WRStest, which is desirable. Also, as noted
by Johnson et al. (1987), when q = 0.50, the Quantile test is equivalent to
the median test.

Example 3. Quantile Test Applied to the TcCB Data

In this example we illustrate the Quantile test using the TcCB (ppb)
measurements in Example I (Section 3.2 3). Wehave that m = 47, n = 77,
so N = 124. Suppose we specify _ = 0.01.

I. Since m > 20 and n > 20 we set q = 0.90. Hence, r = (I - q)N = 13.

2. Of the r = 13 largest measurements among the N = 124 total
measurements, all 13 are from the cleanup unit. That is, k = 13.

3. Since r < 20 we compute P using Equation 13. Since k = r we have

( 77 13 ) ( )P = = 0.00134124
( 77 )

4. Since 0.00134 < 0.01, we reject Ho and conclude that the cleanup
unit has not attained the cleanup standard of c = 0 and A = O.

Note that for these same data, the WRStest did not reject Ho (see
Example I), because only a small proportion of the--cleanup-unit
measurements were greater than the largest background measurements,
a situation where the WRStest has less power than the Quantile
test. This example illustrates why we recomn_endthat both the WRS
and Quantile tests should be conducted.

15
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4.4 CONDUCTINGTHE QUANTILETEST USINGTABLESOF THE APPROXIMATEPOWER

As discussed in Section 4.2, the Quantile test is easily conducted when
a specified value of q is used. In this section a table look-up procedure is
given for determining the number of samples and conducting the Quantile test
that does not depend on prespecifying a value of q. This procedure uses Tables
I and 2 that give the approximate minimum power of the Quantile test for
different combinations of e, A, m and n for approximate significance levels
of a = 0.01 and 0.05, respectively, when m = n. The approximate minimum power
was obtained by computing the power for a wide variety of distribution shapes
for tile cleanup unit. The following distributions were used: standard normal,
exponenti_l, gammawith parameters (#, a) = (I, 2), (I, 3) and (i, 4) (using
notation in Rothschild and Logothetis 1986), Student's t with 3 degrees of
freedom (df), Student's t with 7 df, and the F distribution with I and 5
degrees of freedom.

The procedure for conducting the Quantile test making use of Tables I
and 2 is:

i. Specify a, E, A, and the required minimum power, i - #.

2. Use Tsble i or 2, depending of the chosen value of a, to determine m, r,
and k, where r and k have been defined above, and

mbc = number of measurements needed from both the background
area and the cleanup unit.

3. Order from smallest to largest the N = 2mbc measurements.

4. If the rth largest measurement (counting down from the maximum
measurement) is among a group of tied measurements, then increase r to
include the entire set of tied measurements. Also increase k by the
same amount. For example, suppose from Step 2 that r = I0, k = 7 and that
the 7rh through 12th largest measurements (counting from the maximum
measurement) have the same value. Then increase r from 10 to 12 and k
from 7 to 9.

5. Reject Ho and accept Ha (Equation i0) if k or more of the largest r
measurements in the combined data set of Nf measurements are from the
cleanup unit. Note that the Quantile test can be conducted when there
are as many as Nf - r less-than data.

In Step 3, if measurements less than the detection limit are present in
either the background-area or cleanup-unit data sets, consider them to have a
value less than the smallest measured value from the respective area or unit.

In Step 4, increasing k by the same amount as r insures that the true a
remains less than the specified alpha. However, a smaller increase in k may
still give an _ less than the specified alpha. The optimum value of k can be
determined by computing P (Equation 13) for different values of k. The
optimum k (that gives the highest power) is the largest k that still gives P
<_.w
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5.0 CONCLUSIONS

The use of the Wilcoxon Rank Sum (WRS) Test in combinationwith the
Quantiletest is proposedas a method of increasingthe power of detecting
when remedial action at Superfundsites have not attained site-specific
backgroundstandards. The WRS test has more power than the Quantiletest to
detect when the remedialaction failedmore or less uniformlythroughoutthe
Superfundsite, whereasthe Quantile test has more power than the WRS test
to detect when remedialaction was inadequatein only a portion of the site.
Tables I and 2 allow one, for the specialcase of m = n, to (i) easily
determinethe number of samples requiredfor the Quantile test for significance
levels of 0.01 aad 0.05, respectively,and (2) to conduct the test. At the
present time no tables equivalentto Tables i and 2 exist for conductingthe
Quantile test when the number of samples in the backgroundand cleanup units
are unequal. However,once m and n are determined,the Quantile test is easily
performed.
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Table 1. Power and Number of Measurements for the Quantile Test for
Type I Error Rate a = 0.01 for when m = n. m and n are the
Number of Required Measurements From the Background Area and
the Cleanup Unit, respectively.

del_a
alpha m:n r k e Io._ 1.0 1.5 2.0 2.5 _.0 3.5 4.0

0.005 10 6 6 0,10 0.007 0 009 0 011 0,013 0.014 0.015 0.015 0.015

10 6 6 0.20 0,009 0 014 0 022 0,030 0,037 0 042 0,045 0.046

10 6 6 0.30 0,011 0 021 0 040 0,063 0.086 0 105 0,115 0,120

10 6 6 0.40 0.013 0 031 0 065 0.115 0.16g 0 214 0,240 0 255

10 6 6 0.50 0.018 0 042 0 097 0.181 0,277 0 360 0.408 0 440

10 6 6 0.60 0.019 0 056 0 135 0,257 0,397 0 511 0,584 0 633

10 6 0 0,70 0.022 0 072 0 177 0,334 0.502 0 630 0,721 0 783

10 6 6 0.80 0.026 0 089 0.219 0,398 0,568 0 703 0.800 0 865

10 6 6 0.90 0.030 ,0.107 0.258 0.441 0,608 0 739 0.832 0 894
(

10 8 6 1.00 0,034 0,126 0.290 0,474 0,637 0,761 0,848 0 905

0.008 15 8 8 0 10 0,011 0.015 0.020 0,027 0.033 0.037 0.039 0.039

15 8 6 0 20 0.013 0,023 0.041 0.067 0.098 0.125 0.141 0.150

15 6 6 0 30 0 016 0.034 0,069 0.129 0.205 0,277 0.325 0,358

15 6 6 0 40 0 019 0.046 0.104 0.200 0 325 0,437 0,525 0,587

15 6 6 0 50 0 022 0.060 0.139 0,267 0 417 0.558 0,669 0.749

15 6 6 0 60 0 026 0,074 0,172 0.319 0 483 0,632 0,748 0.830

15 6 6 0 70 0 030 0.089 0.204 0.364 0 532 0,677 0.786 0.063

15 6 6 0 80 0 034 0.105 0.235 0,404 0 571 0.709 0,810 0.880

15 6 6 0 90 0 039 0,121 0.265 0.439 0 604 0.735 0,829 0,892

15 6 6 1 00 0 043 0.137 0.293 0.471 0 632 0.757 0.844 0.902
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TABLE i. (CONTINUED)

del_a
alpha m:n r k e _0.5 1,0 1.5 2,0 2.5 _"10 3.5' 4'0

0.010 20 6 6 0,10 0,013 0,017 0,026 0,038 0.052 0,064 0,070 0,073
0,010 20 9 8 0,10 0.013 0.019 0,027 0,035 g,041 0,045 0,046 0.047

20 6 6 0.20 0,015 0.026 0,050 0.092 0.150 0.209 0,253 0.284
20 9 8 0,2B B.01I 0,032 0.060 0,100 0.135 0.181 0.174 _,17g

20 6 6 0.30 0.018 0.037 0.079 0.157 8,266 0,381 0.488 0.553
20 9 8 0,30 8,821 8.858 8.118 8.285 0,313 0,391 0,430 8,446

20 6 6 0,40 8.822 8,858 0.Ill 8.217 8,359 8.587 8.634 0.730
28 9 8 0,40 8.828 8,872 8.173 8,334 8,511 0.644 8,787 8,735

28 6 6 0,50 0.025 0,064 0.143 8.272 0,429 8,584 8,713 0,808
20 9 8 0.50 0.032 0.098 0.241 0.452 0.680 0.799 _.873 0,908

2_ 6 6 e.60 0,029 0.078 0.176 _.320 0.485 0.638 0.756 0.842
20 9 8 0.60 0,038 0.125 0,303 0.534 0.737 g,868 0,937 0.988

20 6 6 0,70 0.033 e.094 0.207 0.384 0.530 0.675 0.785 0.863
20 9 8 0.70 0.045 0.153 0,357 0.595 0.785 0.899 0,956 0.982

20 6 8 0.8_ 0,038 0,109 0.238 0.403 0.569 0.706 0.808 0.877
20 9 8 0,80 0.052 _.183 0.408 0.646 0.820 0.918 0.966 0.986

20 6 6 0,9_ 0.042 0,125 0,267 0,438 0.601 0,732 0,827 0,880
20 9 8 0,90 0,060 0,212 0.454 0,688 0,847 0.932 0,972 0.989

20 6 8 1,00 0.047 0,141 0,294 0,470 0.630 0.754 0.842 0,882
20 9 8 1.00 _.069 _,241 0,496 0.724 0.868 0.943 0.977 0,991

0:012 25 9 8 0.10 0.015 0.022 0.034 0.050 0.063 0.072 0.076 0.077
0,009 25 12 10 0,10 0,013 0.019 0,028 0.036 0,042 0.046 0.047 0,0_7

25 9 8 0,20 0.019 0.037 0.075 0.138 0.213 8.275 0.305 0.317
25 12 10 _.20 g.017 0.036 0.069 0.113 0,150 0.174 0,186 0,189

25 9 8 0,30 0._24 0,056 0,131 0.259 0,421 0,558 0,632 0.687
25 12 10 0.30 0.022 0,058 0,136 0,255 0.366 _,436 0,470 0,482

25 9 8 0.40 0.030 0,079 0.190 0,374 0.581 0,743 0,840 0,887
25 12 10 0.40 0,028 0.088 0.223 0.425 0.620 0.731 0,774 0.788

25 9 8 0,50 0.035 0,103 0,248 0,461 0.674 0.828 0.916 0,959
25 12 10 0,50 0.036 0,124 0.316 0.577 0.793 0,903 0.941 0,952

25 9 8 0.60 0.042 0.130 0,305 0.533 0.736 0,870 0.942 0,976
25 12 10 0.60 0.044 0,163 0,404 0.678 0,865 0.952 g.983 0.993

25 9 8 0,70 0,049 0.158 0.359 0.593 0.782 0.897 0.956 0,982
25 12 10 0,70 0,053 0.202 _,473 0.740 0.901 0.968 0.991 0.998

25 9 8 0.80 0.057 0.187 0.408 0.643 0.817 0.916 0.965 0.986
25 12 10 0,80 0,062 0.242 0,535 0.788 0.924 0.977 0.994 0.998

25 9 8 0.90 0,065 0.216 0.454 0.685 0,844 0,931 _.971 0,988
25 12 10 0,90 0,073 0.283 0.589 0.825 0.941 0,983 0,995 0.999

25 g 8 1.00 0,073 0,245 0.495 0.720 0.866 0,942 _.978 0,989
25 12 10 1.00 0,084 0.322 0,636 0,854 0.953 0.987 0.997 0.999
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TABLE I. (CONTINUED)

del_a
alpha m=n r k e 0.5 1.0 1.5 2.0 2.5 3.0 3.6 4.0

0.011 30 12 10 0.10 0.016 0.022 0.036 0.061 0.082 0.069 0.072 0.073
0,008 30 16 12 0,10 0,011 0.018 0,028 0.035 0,041 0.044 0,046 0,045

30 12 10 0,20 0,010 0,041 0,087 0.169 0.233 0.280 0,304 0,312
30 16 12 0,2_ 0,018 0,035 0,073 0,118 0.157 0,181 0,191 0.195

30 12 IB 0,30 0.026 0,086 0.162 0.322 0,499 0.620 0,889 0,885
30 16 12 0,30 0,021 0.062 0,162 0,289 0,39g 0,489 0,600 0.510

30 12 10 0,40 0,032 0,098 0,260 0,484 0,714 0,852 0,907 0,g25
30 18 12 0,40 0,028 0.097 0.260 0.493 0:688 0,777 0,813 0,824

30 12 10 0.50 0,039 0.130 0,329 0,596 0,812 0,928 0,973 0,g88
30 1B 12 0.60 0.036 0.141 0.376 0.668 0.868 0.946 0.964 0.969

30 12 1_ 0.60 0.047 0.167 0.404 0.676 0.861i 0.964 0.986 0.996

:_ 30 15 12 0.80 0.048 0.192 0.483 0.776 8.930 0.983 0.996 0.998

30 12 1_ 0.70 0.057 0.208 0.472 0.736 0.898 0.987 0.991 0.998
3B 15 12 0.7_ 0.058 0.241 0.583 _.831 0.954 0.99B 0.998 0.999+

, 30 12 10 0.80 0,067 0.246 0.533 0,784 0.922 0.978 0.994 0,998
30 15 12 0 80 0,_68 0.290 0.630 0.872 0.968 0.994 0,999 0.999.

30 12 10 0.90 0,077 0.285 0.587 0_822 0.939 0.982 0.995 0.999
30 16 12 0.g0 0.081 0.340 0,887 0,901 0.g77 O.gg6 O.ggg O.ggg+

30 12 10 1.00 0.08g 0.324 0.634 0.851 0.961 0.988 0.998 o.ggg
30 16 12 1.00 0.094 0.388 0.736 0.923 0.983 o.gg7 o.ggg o.ggg*

0.010 40 15 12 0.10 0.014 0.023 0.040 0.062 0.078 0.089 0.093 0.095
0.009 40 20 15 0.10 0.014 0.024 0.037 0.050 0.059 0.063 0.065 0.065_

40 15 12 0.20 0.019 0.045 0.105 0.207 0.318 0,384 0.416 0.427
40 20 1B 0.20 0.021 0.051 0.111 0.178 0.234 0.267 0.280 0.283-

40 15 12 0.30 0.026 0.074 0.200 0.413 0.636 0.769 0.814 0.827
40 20 15 0.30 0.029 0.093 0.234 0.422 0.554 0.627 0.655 0.664

40 15 12 _,40 0.033 0,111 0.300 0.583 0,821 0.936 0.972 0,980-

40 20 15 0.40 0.040 0.149 0.390 0.674 0.840 0.901 0.921 0.926
-

40 15 12 0.50 0.042 _.153 0.396 0.691 0.889 0.971 0.993 B.998
40 20 15 0.50 0.052 0.21d 0.538 0.836 0.963 0.988 0.993 0.994

4_ 15 12 0.60 0.052 0.199 0.483 0.769 0.928 0.983 0.997 0.999
40 20 15 0,60 0.067 0,289 0.658 0.908 0.988 0.998 0.99g* 0.999"

4_ 15 12 _,7_ _._63 0.247 0.580 0,825 8.951 8,989 0.998 8.999+
40 20 15 0.70 0.083 0,358 0.738 0.942 0.992 0.999 0,999* 0.999.

40 15 12 0.80 0.075 0.295 0.628 0.868 0,966 0.993 0.999 0.999+
40 20 15 0.80 0.101 0.426 0.800 0.962 0.995 0,999* 0.999* 0.999.

_

4_ 15 12 0.90 0.088 0.343 0.682 0.896 0.975 0.996 0.999 0.999*
40 20 15 0.90 0.121 0.490 0.846 0,975 0.997 o.ggg* 0,999* 0,999*

" 40 15 12 1,00 0,102 0,390 0,729 0.919 0,982 0.997 o,ggg o,ggg*
40 20 15 1.00 0.143 0.549 0.882 0,g83 o.gg8 0.999* o.ggg* o,ggg*

==
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TABLEI. (CONTINUED)

delf, a
alpha m=n r k e 0.5 -1".0-- 1._ 2.0 2.5 3.0 3.5 " 4.0

0.011 5i_ 15 12 0.10 0._16 0.026 0.048 0.085 0.125 0.14g 6.161 0.165
0.¢ii 60 20 15 0.10 0._17 0,030 8,052 0.07g 0.099 0.110 0.116 0,116
0.008 50 23 17 i_.10 0,'(]13 0.02S 0.040 0. 056 0.06g 0.075 0.078 0.078

50 15 12 0.20 0.021 0.048 0.117 8.259 0.445 0.588 8.641 0.658
50 ,"0 15 0.20 0.024 0.062 0.148 0.284 g.396 0. 462 0. 490 0.49g
50 23 17 0.20 0.019 0.052 0.125 0. 225 0.304 0.351 0.370 0. 376

50 15 12 0.30 0.028 0.078 0.206 0.441 0.705 0.875 0.941 0.958
50 20 15 0.30 0.034 0.107 0.2R8 0.555 0.769 0.849 0.818 0.886
50 23 17 0.30 0.028 0.098 8.271 0.517 0.680 0.759 0.788 0.797

50 15 12 0.40 0. 036 0.11[; 0. 303 0. [;82 0. 822 0.945 _.986 0. 997
50 20 15 0.40 0.045 0,163 0.4340.753 0,933 0.984 O,Pgl 0,992
50 23 17 g,40 0.038 0,160 0,440 0,758 0.924 0.963 0.974 0.g77

50 15 12 0.1;0 0.045 0.157 8.397 0.688 0.887 0.970 _1.9g4o,ggg
50 2(] 15 0.50 0,058 0,228 0.554 0.848 0.970 0.998 o.ggg+O.9gg+
50 23 17 0.50 0.051 0.231 0.592 0.885 0.g83 0.9g8 0.999 o.9gg

50 15 12 0.60 0.055 0.203 _.483 0.765 0.925 0.982 0.996 0.99g
50 20 i5 0.6_ 0.073 0.293 0.854 0.904 0.g84 0.998 0.999, O.9gg+
50 23 17 0.60 0. 068 0.305 0.696 0.933 0.992 0.999 0.999* O.9gg*

50 15 12 0.70 0.087 0,250 0.558 8,822 0.949 0.g89 8.998 O.ggg'.
50 20 15 0.70 O.t]Sg 0. 361 0. 733 0. 938 O.ggl O.ggg 8,ggg,' _.ggg*
50 23 17 0.70 0.083 0. 381 0. 776 0. 960 0.996 0.999, 0. 999* O.ggg+

50 15 12 0.80 0.079 0.298 0.623 0.863 i_.9_4 g.gg3 0.999 0.99g+
50 20 11; 0.80 0.108 0.427 0.7g4 0.959 0.995 0.999* i_.gg9* O.9gg+
50 23 17 0.80 0. 103 0. 454 0. 835 0.978 o.gg8 o.ggg+ o.ggg+ O.ggg*

50 15 12 0.90 0. 092 0. 345 0.67g 0.8g3 0. 974 o.gg5 o.ggg O.ggg+
50 20 15 0.90 0.128 0.48g 0.841 0.973 0.997 O.ggg+0.999* O.ggg*
50 23 17 0.90 0. 124 0. 522 0. 878 0. 985 O.ggg O.ggg+g.ggg* O.ggg+

50 15 12 1.00 0.108 0.391 8.726 0.916 0.981 0.996 0.999 O.ggg*
50 20 15 1.00 0.14g 0.547 0.877 0.981 g.gg8 (_.g99+0.999+ 0.999+
50 23 17 1.00 0.147 0.584 0.910 0.990 o.ggg 0.999+ g.ggg+ 0.99g+
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TABLEI. (CONTNUED)

del_a

a pha m=n r k e 0.5 1.0 1.5 _3.0 3.5 410

0.008 80 10 g 0.10 0.011 0.016 0.028' 0._54 _.110 0.196 0.277 0.329
0.008 60 13 11 0.10 0.011 0.017 0.032 0.068 0.130 0.197 0.237 0.249
0.010 60 18 14 0.10 0.014 0.024 0.048 0.090 0.13F 0.182 0.175 0.180
0.010 60 23 17 0.10 _.015 0.027 0.051 0.083 0.107 0.121 0.127 0.129

60 10 9 0.20 0.014 0.027 0.060 0.134 0.272 0.465 0.656 0.794
60 13 11 0.20 0.015 0.032 0.076 0.182 0.371 0.593 0.781 0.827
60 18 1.4 0.20 0.020 0.048 0.127 0.294 0.507 0.653 0.704 0.720
60 23 17 0.20 0.022 0.059 0.156 0.318 0.458 0.534 0.568 0.578

60 10 9 0.30 0.018 0.042 0'102 0.227 0.417 0.826 0.795 0.901
80 13 11 0.30 0.019 0.051 0.136 0.311 0.555 0.776 0.910 0.968
50 18 14 0.30 0.027 0.082 0.231 0.500 0.776 0.926 0.971 0.978
60 23 17 0.30 0.031 0.108 0.310 0.611 _.833 0.908 0.931 0.g37

60 10 g 0.40 0.022 0.05g 0,1B¢ 0.317 e.530 0.727 0.862 0.938
60 13 11 0.40 0.024 0.075 0.20f; 0.431 0.682 0.862 0.952 0.985
60 18 14 0.40 0.035 0.124 0.34_1 0.651 0.880 0.973 0.995 0.999
60 23 17 0.40 0._42 0.166 0.461. 0.794 0.957 0.994 0.997 0.998

80 10 9 0.50 0.026 0.079 0.20_ 0.398 0.617 0.793 0.g01 _.944
60 13 11 0.50 0.030 0.103 0.276 0.533 0.768 0.910 0.g71 0.992
60 18 14 0.50 0.045 0.173 0.45g 0.758 0.932 0.987 0.998 0.999+
60 23 17 0.50 0.055 0.235 0.589 0.881 0.982 0.998 0.999+ 0.999+

60 10 g 0.80 0.031 0.101 0.251 0.489 0.883 0.838 0.920 0.948
60 13 11 0.60 0.036 0.134 0.345 g.816 0.827 0.g38 0.g81 0.993
80 18 14 0.80 0.058 0.228 O.B4E; 0.831 0.98_ 0.993 B.gg9 0.999.
60 23 17 0.60 0.070 0.30g 0.693 0.930 0.991 o.ggg 0.999+ 0.9g9+

80 10 9 0.70 0.038 0.124 0.300 0.530 0.735 0.870 0.925 0.951
60 13 11 0.70 0.044 0.167 0.410 0.682 0.868 0.956 0.987 0.994
60 18 14 0.70 0.069 0.282 0.626 0.880 0.975 0.996 0.999+ 0.999+
60 23 17 0.70 0.088 0.382 0.772 0.958 0.996 o.ggg* 0.999+ 0.999+

60 10 g 0.80 0,042 0,148 0,347 0.583 0.775 0.888 o,g2g 0.953
80 13 11 0.80 0.052 0,201 0.470 0.735 0.897 0.967 O,gsg 0,994
60 18 14 0,80 0,083 0,337 0,6_4 0,914 0,984 0,998 0,999. 0,999+
60 23 17 0.80 0.108 0,454 0.831 0,974 o,gg8 o,ggg+ o.ggg+ 0.999+

60 10 9 0.90 0.04g 0.173 0.391 0.628 0.807 0.894 0.932 0.958
60 13 11 0.90 0.060 0.236 0.524 0.778 0.919 0.975 0.989' 0.995
60 18 14 0.90 0.098 0.391 0.749 0.937 0.989 0.999 o.ggg+ o.ggg+
60 23 17 0.90 0.12g 0.521 0.874 0.984 0.999 0.999. 0.99g+ 0.g99+

60 10 9 1.00 0.055 0.198 0.431 0.666 0.832 0.899 0.935 0.958
60 13 11 1.00 0.06g 0.271 0.572 0.812 0.935 0.g80 0.990 0.995
60 1B 14 1.00 0.114 0.443 0.794 0.g53 o.gg3 o.ggg o.ggg, o.9gg+
60 23 17 1.00 0.152 0.582 0,906 0.989 o.ggg o,ggg+ o.ggg. o,ggg+

23



TABLE I. (CONTINUED)

delba
alpha m:n r k e _0'_'6 1.0 1.6 .....2.0 2.B- 3.0" 3.6 4.0

0,009 76 10 g 0,10 1l.Oll 0.017 0.029 01056 0.114 0,219 0,350 0,467
0,00g 75 13 11 0,10 tj,012 0,818 0,034 8,070 0,150 0,271 0,367 0,412
0,011 75 18 14 0,10 f_,016 0,026 0,052 9,112 0.199 0.269 0,299 0,309
0,011 75 23 17 0,10 0,017 0,030 0,063 0.120 0,177 0,210 0,225 0,230

75 10 9 0,20 0,015 0,028 0,062 0,136 0,273 0.467 0.688 0,818
75 13 11 0,20 0.018 0,033 0,079 0,184 0,374 0,611 0,803 0,g08
75 1B 14 0,20 0,022 0,051 0,130 0,308 0,578 0.797 0,888 0.903
75 23 17 0,20 _,024 0,063 0,175 0,397 0,638 0.760 0,802 0,814

75 10 9 0,30 0,018 0,043 0,104 0,228 0,417 0,625 0,794 0,901
75 13 11 0,30 0,020 0,053 0,13g 0,312 0.554 0,775 0,910 0,970
75 18 14 0,30 0,029 0,085 0.234 0,499 0,776 6.g34 0,986 0,997
75 23 17 0,30 0,034 0;111 0,317 0,642 0,891 0,978 0,991 0,993

75 10 9 E,,4_ 0.022 0,081 0,152 0,317 0,530 0,726 0,861 0,918
75 13 11 0,40 0,025 0,077 0,207 0,431 0,681 0,861 0,951 0,985
75 18 14 E,40 0,038 0,128 0,344 0,649 0,877 0,972 0,995 0,999
75 23 17 0.40 0.046 0.171 0.461 0.790 0.g68 0.995 0.999* _.g_g*

75 10 9 0.50 0.027 0.080 0.202 0._g8 g.B1B 0.792 0.886 _.g24
75 13 11 0.50 0.031 0.105 0.277 0.532 0.787 0.g08 0.970 0.988
75 18 14 0.50 0.048 0.177 0.450 0.755 g.g3e g.g8B 0.998 o.ggg*
75 23 17 0.50 0.059 0.239 01587 0.877 0.981 0.998 s.9gg* o.gg9*

75 10 g 0.60 0.032 0.102 0.252 0.469 0.682 0.836 0.894 0.929
75 13 11 0.60 0.038 0.138 0.348 0.614 0.825 0.937 0.979 0.989
75 18 14 0.60 0.059 0:229 0.544 0.828 0.958 0.993 0.999 0.999*
75 23 17 0.80 0,075 0,312 0,889 0._27 0,991 0.999 0,999* o,ggg+

75 10 9 0,70 0.038 0.125 0,301 0,530 0,734 0,847 0.900 0,934
75 13 II 0,70 0.045 0,169 0.410 0.681 0,867 0.955 0,981 0,990
75 18 14 0.70 0.072 0.284 0.625 0.877 0.974 0.996 0.999. 0.999,
76 23 17 0.70 0.093 0.384 0.768 0.956 0.995 0.999, o.ggg, o,ggg_

75 10 g 0.80 0.043 _.14g 0.347 0.582 0.774 0.858 0.906 0.937
75 13 11 0.80 0.053 0.203 0.470 0.734 o. Bg6 0.965 0.982 0.991
75 18 14 0.80 0.086 0.33g 0.691 0.912 0.g83 o.ggB 0.999* o.9gg*
75 23 17 0,80 0.112 8.454 8.827 8.973 8.998 g.ggg* 0.999* o.ggg+

75 10 g 0.g0 0.050 0.174 0,391 0.627 0,788 0.864 0.911 0.940
76 13 11 0.90 0,062 0.238 0.623 0.776 9.918 0.g68 0.g84 0.991
75 18 14 0,90 , 0.101 0,392 0,746 0,935 0.989 0.999 o,9gg* o.ggg*
75 23 17 0.g0 0.134 0.520 0.871 0.983 0.999 0.999. o.ggg* 0.999*

75 10 g 1.00 0.056 0.199 0.431 0.665 0.798 0,870 0.915 0.943
75 13 Ii 1.00 0.071 0,273 0.571 0.811 0.g34 0.970 O.gB5 0,992
75 18 14 1.00 0.118 0.444 0.791 0.g52 o.gg2 0.999 0.999, 0.999,
75 23 17 1.00 0.157 0.580 0.g03 o.gBg o.ggg 0.999. o.ggg, o.ggg,
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TABLE I. (CONTINUED)

del_a

0,0_g 100 10 9 0,10 0.012 0,018 ff,030 0,057 0.115 0,227 0,393 0,566
0,009 100 13 11 0,10 0,012 0,019 0,035 0,072 0,15B 0,307 0,492 0.823
0,012 1_0 18 14 0,10 0.017 0,028 0,054 0,118 0,267 0,432 0,533 0,557
0.012 100 23 17 0,10 0.019 0,033 0,068 0,158 0.2gl 0.3gl 0,431 0,444
0,010 100 28 lg 0,1_ 0.016 0,028 0,063 _,144 0,262 0.314 0,344 0,354

100 10 g 0,20 0,015 0,029 0,083 0,137 0,274 0,487 0,686 0,820
100 13 11 0,20 0,016 0,035 0,081 0.188 0,374 0,811 0,811 0,g26
100 18 14 0,20 0,023 0,054 0,134 0,310 0,578 0,823 0,947 0,984
100 23 17 0.20 0,027 0,067 0,179 0,416 0,720 0,g14 0,967 0,g73
100 26 19 0,20 0,022 0,062 0,179 0,436 0,747 0,906 0,939 0,947

100 10 g 0.30 0,010 0,044 0,105 0,229 0,417 0,624 0.793 0.869
100 13 11 0,30 0,021 0.055 0,141 0,313 0,554 0.773 0.909 0,970
100 18 14 0.30 0.031 0.088 0,236 0,499 0,773 0,933 0.986 0,998
100 23 17 0,30 e,e37 0,116 0,320 0.639 0,889 0,981 0,998 o,ggg.
100 26 19 0,30 0,032 0,112 0,332 0,672 0,915 o,gsg 0,999 o,ggg+

, 100 10 g 0,40 0.023 0,082 0.153 0,318 0.52g 0,724 0,825 0,881
100 13 11 0,40 0.027 0.079 0,20g _.431 0,87g 0,859 0.g50 0,g75
100 18 14 0,40 0,040 0.131 0,346 0.647 0,875 0,971 0,995 o.ggg
100 23 17 0.40 0.041 0,178 0.461 0.786 0.g54 o,gg4 o,gg9, o,ggg+
100 28 lg 0,40 0.043 0.175 0,485 0,819 o,g6g o,gg7 o,ggg+ o.ggg.

100 10 g 0,50 0,028 0,082 0,203 0,398 0,615 0.762 0,83g 0,890
100 13 11 _.50 0,033 0,107 0.27g 0.531 0.765 0,g07 o,gGg 0,g78
100 18 14 0.50 0,050 0.180 0,450 _,752 0,928 0,g86 o,gg8 o,ggg+
100 23 17 @50 0.063 0.243 0,585 0,873 o,g7g 0,998 0,g99+ 0,g99+
100 26 19 0,50 0.057 0.248 0,616 0,g01 0,988 0.999 o,ggg. 0,999.

100 10 g 0,60 0.033 0.104 0,253 0.469 0.672 0,779 0,851 0,8g8
100 13 11 0,60 0,039 0.138 0,347 0,613 0,824 0,930 0,963 0,g80
100 18 14 0.60 0.062 0.232 0,543 0,825 0,957 0,993 0.g99 0,999.

: 100 23 17 0,60 0.079 0.314 0,686 0.g24 o.ggo 0.999 o,ggg+ o.ggg.
100 2B 19 0,60 0,074 0.325 0.720 0,g45 0,995 0.999. 0.g99. 0.999.

100 10 9 0.70 _.039 0.127 0.302 0.529 0.693 0.794 0.860 0.904
100 13 11 0.70 0.047 _.171 0.411 0.679 0.865 0.937 0.967 0.982
100 18 14 0.70 0.075 0.286 0.623 0.875 _.973 0.996 0.999 0.999.
100 23 17 0,70 0,097 0,386 0,764 0,954 0,995 0,999+ 0,999+ 0.999*
100 2B 19 0,70 0.092 0,403 0,798 0.989 0.998 0,999* 0,999. O,9gg*

100 10 g 0.80 0.045 0.151 0.348 0.572 0.711 0.806 0.869 0.910
100 13 11 0,80 0.055 _.205 0,469 0,732 0,889 0,942 0,97_ 0,983
100 18 14 0.80 0,08g 0.340 0.689 0.909 0.g82 o,gg7 o,ggg o.ggg*
100 23 17 0,80 0.117 0.454 0.823 0,971 o.gg7 0,99g+ O.ggg* 0.999*
100 26 19 0,80 0.113 0,477 0,854 0,982 0,99g O,9gg* 0.999* O,ggg+

100 10 g 0,g0 0,051 0.175 0.391 0,594 0.727 0,817 0,876 0.g15
1_0 13 11 0.90 0.064 0,240 0.523 0,775 0,808 0,947 0,972 0,985
100 18 14 0.90 0.105 0.393 0.744 0.933 0,g88 o.gg8 0,999 0,999+
100 23 17 0.90 0_13g 0,519 0,867 0,981 o,gg8 0.g99+ 0.999* 0,999*
100 26 lg 0,90 0.136 0.546 0.895 0.98g 0,999 0,ggg* o,ggg+ 0,999.

100 10 g 1.00 0.058 0.200 0.431 0.613 0.740 0.826 0.882 0.919
100 13 11 1.00 0.073 0.274 0.570 0.809 0.906 0.951 0.974 0.986
100 18 14 1.00 0.121 0.444 0.788 0.950 0.992 0.998 0.999 0.999.
100 23 17 1.00 0.162 0.578 0.900 0.988 0.999 0.999, 0.999, 0.999+
100 26 19 1.00 0.160 0.608 0.924 0.993 0.999. 0.g99+ 0.999+ 0.999.
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Table 2. Power and Numberof Measurementsfor the Quantile Test for
Type I Error Rate a = 0.05 for when m = n. m and n are the
Number of RequiredMeasurementsFrom the BackgroundArea and
the Cleanup Unit, respectively.

delta
alpha m=n r k • "B.5 1.B 1.5 2.0 "2'.5 3.0 3.5 4.B

E.B43 10 4 4 0.1B 0.B51 B.B62 B.877 ff.gg3 g.lg5 0.113 8.117 B.119

1B 4 4 0.21 0.e58 0.B84 0.121 B.166 1.210 0.242 g 259 _.27B

1| 4 4 1.3B e.e66 B.108 0.172 8.255 g.338 B.481 0 443 0.470

11 4 4 1.41 1.175 |,133 0.226 0.342 B.46B 0.551 _ 615 0.66_

10 4 4 1.841 |.lE_ 1.15@ _.z7_ 0.418 1.853 B.662 B 741 1.794

le 4 4 1.6l 0.092 ff.183 !.318 g.474 !.618 B.733 g 815 J.871

1| 4 4 1,7l 1.1ll B.2B7 |.356 B.519 |.B63 _.774 | 863 B:gB5

1B 4 4 e.80 0.11B B.230 0.391 0.655 0.695 B.808 B 873 g.920

lg 4 4 I.gg |.119 8,253 g.422 0.587 _.721 0,819 g 886 0.929

10 4 4 1.BO 0.128 0.275 0.451 8.614 B.743 0.836 e 896 8.936

J._Se 15 4 4 1.10 g.|57 0.071 0.093 0,122 0.153 0.177 0.191 g.20_

15 4 4 J.21 i.065 |.093 0.142 0.214 0.296 _.368 0,423 0.461

15 4 4 fl,3m 0.e74 0.117 J.lgl g.298 g.:_e _.533 0.623 g,68B

15 4 4 0.4B e.082 |.141 e,238 0.368 2.511 0.640 g,741 B.813t

15 4 4 e.5O _.691 0.166 0.281 0.426 g.575 g.702 B.80g g.861_

15 4 4 J.66 g.lgg _.19B ¢.321 e.k75 8.622 B.743 B.B32 B.89_

15 4 4 0. =_ fl.189 B.213 e.358 0.516 _.660 0.773 B.853 0.9_7

15 4 _ B.8_ _.118 g.236 8.391 e,552 0,691 9,796 B.87B B.9_

15 4 4 B.gB 8.127 _.257 0.421 fl.583 _.717 B.815 g.883 _.911

15 4 4 1._ g.136 8.278 0.449 g,61_ g.739 B.831 2.890 _.913

26



TABLE 2. (CONTINUED)

delta

alpha ==n r k e !.6 1.0 1.6 2.B 2.5 3.0 3.6 4.0

_.B53 2B 4 4 1.10 |.B61 e.g74 I.Bg8 0.136 e.183 B.227 0,26_ 8.282
m.B46 28 7 6 0.1J I.B55 0.B73 B.10B 8.131 e,157 B.171 0,178 B.181

20 4 4 0.20 g.069 0,897 B.146 0,224 e.326 E.433 B.823 8,591
28 7 6 e.2B 8.866 0.106 E.174 0.267 8,361 8.428 e.459 g.47B

2S 4 4 0.3_ 0.077 _.121 _.194 0.303 B.436 0.57_ 6.683 e.769
20 7 6 _.3m 0._77 0.142 e.258 0.412 0.571 8.681 0.737 8.763

2E 4 4 0.4e I.B86 B.145 B.24E B.37B 8.515 B.65S g.76B _.841
2e 7 6 E.4_ 0.B89 _.179 g.332 8.528 E.7_8 8.826 g,891 8,922

2_ 4 4 O.5B 8.B95 0.169 g.283 8.428 B.574 e.783 8.8_2 _.873
28 7 6 g.50 g.le2 J.217 g.4_ 8.688 e.781 0.898 _.947 8.973

2B 4 4 1.6_ 1.1g4 g.193 0.322 0,474 e.62_ e.741 0.831 0.881
2_ 7 8 e.6B e.116 1.255 J.46_ e.67_ g.827 0.919 8.965 e.988

2_ 4 4 B.7m 0.112 e.218 B.358 _.515 _.658 B.771 g.852 8.885
2_ 7 6 _,7_ _.129 _.293 _.5_4 _.719 _.86_ _.937 _.974 _.99_

2_ 4 4 _.8B _.122 1.238 _.391 B.56_ _.689 _.794 _.858 _.888
2_ 7 6 _.8_ 0.142 _.329 _.561 B.768 _.884 B.949 _.979 _.992

2_ 4 4 _.9_ B.131 _.26g _.421 _.581 _.714 _.813 B.862 _.89_
2_ 7 6 g.9_ _.156 _.363 _.6_2 _.79_ 8.9_2 _.958 _.983 _,993

2_ 4 4 l.gg 8.14_ _.28_ 8.448 _.6B8 8.736 B.827 8.865 8.893
2_ 7 6 1.g_ _.171 _.396 _.638 _.816 _.917 _.965 _.986 _.993

8.g49 25 7 6 8.1_ _.859 _._77 _.11_ _.155 _.291 _.233 8.247 _.253
_.848 25 12 9 _.1_ _._62 g._84 g.l13 8.136 _.152 g.16g 8.163 _.164

25 7 6 _.2_ 0._7_ _,11_ _.185 _.3_3 _.435 _.543 _.6_1 _.629
25 12 9 _.2_ _._78 _.134 _.22_ _.3_4 _.364 _.398 _.411 _.415

25 7 8 _.3_ _._82 _.146 _.261 C.43_ 8.611 _.753 _.837 _.879
25 12 g _.3_ _._96 _.194 g.351 _.525 8.632 _.69_ _.713 _.72_

25 7 6 B.4B _._94 e.183 g.334 _.529 g.714 _.848 8.924 _.961
25 12 9 g.4g 8.115 _.261 g.485 B.7_8 _.845 _.895 _.913 _.919

25 7 6 _,5_ _.1_6 _.221 _.4_ _.6_8 g.77g _.892 _.952 B.98_
25 12 9 8.5B _.136 _.33_ _.6BB g.828 g.g44 _.979 g.985 _.g87

25 7 6 g,6g _.119 _.258 B.46_ _,667 _.824 B.glG _,965 g.986
25 12 g _.6B _.158 B.395 B.687 _.887 _.97_ _.993 _.gg8 _.ggg

25 7 6 _.7_ _.133 _.295 _.512 _.716 _.857 _,935 _.973 _.98g
25 12 9 _.7_ _.18_ _.454 _.748 8.919 _,981 _.996 _.999 _.999+

25 7 6 _.8_ _,147 _.33_ _.559 _.755 _.881 _.948 _.979 _.989
25 12 9 _.8_ _.2_4 _.5_9 _.796 _.941 _.987 _.998 _.999- _.99Qo

25 7 6 e.9_ _.161 _.364 _.599 _.787 _.9_ _.957 e.983 _.99_
2E 12 9 _.9_ _.228 _,559 _.834 _.956 _.991 _.998 g.gg9° _.999°

25 7 6 1.g_ B.175 e.396 _.635 _.813 _.915 _.964 B.984 _,99_
25 12 9 I.BB 8.253 _,6_5 _.864 _.966 _.993 _.999 _.99_o _.999o
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TABLE 2. (CONTINUED)

delta
alpha i=n r k e g,5 " 1,'e 1,5 2,g 2.5 3.g 3,6 4.e

g.g51 3e 7 6 0.1_ e.g82 O.gBe 8.114 _,17e 0.236 e.2ge 0.319 e.33e
e.e52 3e 12 9 _.lg g.087 g._93 8.132 g.17g e.lg8 _.211 e.217 g.218

38 7 8 8.2_ 8.e73 8.113 g.188 8.311 @.467 _.607 8,697 8,744
30 12 g _.2g 0.g83 0.147 e.252 _.381 _.476 _,528 _.55_ B.558

3_ 7 8 e.3e e.e84 g,14g g.263 0,431 _.61g _.775 8,876 _,927
3g 12 g e.3e e.lgl e.2_8 g.388 g,dOg e.TBg 0.826 0.851 g.858

30 7 8 g.4g e.gg8 g,188 8.335 g. B28 _.714 g.B4g g.929 g.988
38 12 9 g.4g 8,121 0.271 @.513 8.765 8,9_6 8.961 8.974 8.977

3g 7 B,g.6g 0.189 g.223 e,4gl g,806 0,777 8.Sgg _,g61 _.98g
3B 12 9 _,5_ g.141 _,335 _.5B7 g,835 g,gSg _,987 _.996 _,998

3g 7 B J.Be g.122 _ e,26g e.460 0,665 0,822 0,916 g.984 8,984
30 12 9 e.Bg e.163 0,398 e,683 8,884 e,969 _,gg3 8.999 _.99g*

38 7 6 g.7_ 0,136 m,297 0,612 g,714 0,856 g.934 g,972 8.985
3_ 12 g _.7B 6.188 e.464 _.744 _.g16 _.gS_ _.gg8 _.ggg B.ggg"

3_ 7 8 _,8B 0,149 _.332 0,558 g.753 0,880 g.g47 e.g77 _,g86
3g 12 g g.80 0,2eg e.588 _.791 8,938 g.g88 g,g97 g,ggg+ _.g99"

30 7 6 _,g_ g.163 g.385 _.698 _.785 _.89g g.g56 _.978 _.986
3_ 12 g _.g_ g.233 g.557 _.829 _.g54 g.g9_ g,gg8 _,ggg* _.gg9*

3_, 7 8 1._ _.177 _.397 _,634 _.811 _,g13 _.g63 _.g7g _.g87
3_t 12 g 1.0_ _.257 g.6_2 g.859 g.964 g.g93 _.999 g.g99* _.gg9*

g.@54 4_ 7 B g.lg g.gB5 _._83 _,117 g.178 g.272 g.371 g.44B _.478
_._6_ 4_ 17 _2 g.l_ g.g67 _._98 0.146 g.186 _.214 g.23_ _.236 _.236

4_ 7 8 _.2g g._78 _.116 _.191 _.314 _.48_ _.652 _.783 _.861
: 4_ 17 12 _.2_ _._87 _.166 _,298 _.447 _.64_ 6,591 g,61_ _.616

4_ 7 6 _.3_ _._88 g.152 _.266 _.431 _.619 8.78_ 8,889 g.g48
4_ 17 12 _.3_ _.1_9 g.248 _.474 _.7_6 _.838 _.886 %.9_3 _.g08

4_ 7 8 _.4_ _.18_ _.189 g.337 _.527 _.711 _.848 g.g29 _.969
4_ 17 12 g.4_ 2.134 _.332 _.627 _.862 _.964 9.985 _.99_ _.g91

4_ 7 6 _.5_ _.1)3 _,226 _,4_1 _.6_3 _.775 _.888 _.95_ _.974
4_ 17 12 _.5_ _.161 _.414 _.732 _.928 _.g88 _,gg8 _.ggg+ _.ggg.

4_ 7 6 0.6_ _.126 _.283 _,459 _.663 _.82_ _.916 _.g61 _.g75
4_ 17 12 B,6_ _.lg_ _.492 _.8_8 _.957 _.994 _.ggg _.999. _.999.

4_ 7 6 _.7_ _.13g _.29g _.511 _.711 _.853 _.g33 g.964 _.g77
49 17 12 g.7_ _,22_ _.562 _,859 _.974 _.g97 _.ggg* _.gg9* _.9gg*

4_ 7 8 _18_ _.153 _,333 _,556 _,75_ _.878 g.g45 g.968 g.978
4_ 17 12 _.Sg _.25_ e.624 _.897 _,g84 _.g98 _.g99. 8.999* _.999.

4_ 7 6 _,g_ _.167 _,'J68 _.596 g,782 0,897 g.g48 _.g68 _.g7g
4_ 17 12 g.gB _.282 B,B7g 9,924 _.gBg B.ggg _.ggg* _.gg9. g.ggg*

4_ _ 6 1.g_ _.181 _.397 _.631 _,8_8 g.g12 _.gs1 g.gBg _.98_
4_ 17 12 1._B _.313 _.728 _.g43 _.993 _.999 _.g99_ g.gg9* 8.999"
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TABLE 2. (CONTINUED)

delta
alpha m=n r k e e.5 i.e 1,6 2.e 2.5 3.e 3.5

8.846 5B lE 8 g.l_ 0,m57 g.g78 0.118 B.193 9.3@4 8.486 B.463 _.477
0.B45 6B 15 11 e.lg e.eS9 g.g87 _.142 B.219 e.286 E.322 8.338 g.344
_,BSB 5B 24 1B B.1B E.e71 B.lO9 B,158 g,199 E,228 g,24_ B.244 B.246

5g lg 8 e.2g g.gB9 g.116 g.289 8.366 0,571 _.757 g,868 g,915
50 15 11 _.28 0,876 B.142 0,278 _,486 _.68g B.781 g.814 g,824
5E 24 18 0.20 g,097 B,197 8,354 0,489 _,576 0,619 _.633 B,637

5_ 1_ 8 g,3g g,_83 0,160 g,304 0.512 g,726 g,878 _,955 8,985
50 15 11 g,3g 8.094 g.2_6 g.416 _.681 0.88_ _,963 g,984 e,986
BE 24 16 g,3O _.127 _.308 f.571 0.784 _.875 0,911 0,922 0.925

5_ 1_ 8 e.4E g.g97 g,2OB _,394 B.625 0,818 0,929 _,977 g.993
68 _5 11 e.4_ 0.114 g.276 0,638 8.798 g,942 8,988 _,99B g,ggg+
BE 24 16 0.4g E.161 g.422 g,74g e.g35 8.982 8,gg2 g.gg4 g,gg5

' 50 18 O _.6_ g.112 8.253 g.4175 g.Tgg g.874 g.955 8.987 _.996
Be 16 11 e.Be _.136 _.344 0.639 0.87_ 0.969 e.995 g.gg9 g.999,
50 24 16 J.se _.198 _.533 e.859 g.981 e.999 _.999, g.999+ B.999+

Be ze 8 e.ee e.128 g.3e_ 0.546 e;771 0.9_9 e.97_ _.991 _.998
50 15 11 g.68 _.159 B.411 g.719 _.914 g.g82 e.997 _.99g, B.999"
50' 24 1B g.Bg 0.237 8.825 _.918 0.992 _.99g* g.999" g.999+ 0.99g*

5_ Ze 8 0.70 _.144 0.346 _.6_6 _.818 0.933 _.979 _.993 _.997
5g 15 11 g.78 _.183 _.474 _.78_ _.942 _.989 _.999 g.999, _.999+
5_ 24 16 _.78 _.278 _.7_2 _.949 8.996 _.999+ _.99g* 0.999* _.999+

5_ 1_ 8 _.8_ e.181 _.39R g.858 e.853 e.949 _.985 _.994 B.997
5_ 15 11 _.8_ _.2_8 _.532 _.828 _.96_ _.993 _.999 e.gg9* e.ggg+
5_ 24 16 _.80 _.32_ g.788 _.969 g.998 _.999+ _.999. _.999, _.9gg*

5_ 1_ 8 _,9_ _.178 _,431 _,7_2 g,88_ _.96_ _,988 _.994 _.997
5_ 15 1i _.9_ _.233 _.585 _.884 _.971 _.996 _.9gg _.999+ _.g99+
5_ 24 16 B.9_ _.382 _.817 _.98_ _.999 _.999* _.999+ _.99g* _.9gg+

5_ 1_ 8 1._ _.196 _.47_ _.73g _.9_ _.96g _.989 _.995 _.g97
_ 15 11 1o_ _.259 _.833 _.892 _.979 _.997 _.9gg* _.g99+ _.ggg+
5_ 24 16 1._ _.4_4 _.857 _.g88 _.9gg _.99g+ _.99g* _.999+ 0.999.
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TABLE2. (CONTINUED)

delta

alpha m=n r k e 0' I_ 1 .0 1'_ 2'_ 2'_ 3"0 _'_ 4'0

0,047 60 10 8 0,10 0,059 0,080 8.120 0,196 0.320 0,485 0.562 0,604
0,048 60 15 11 B,10 0.062 0.090 0.147 0,247 8.356 0.421 0,449 0.457
0.049 60 22 15 0.10 B,068 8.107 0,173 B,248 0.296 8,324 0,334 0,338
0,047 60 31 20 0,10 0,071 0,112 8,162 0,204 0,230 0.243 0,246 8.247

80 10 8 0.20 0,871 0,118 0,210 0,368 0,572 0,788 0.893 0.g51
80 15 11 0.20 0,07g 0,148 0.281 0,500 0,737 0,877 0,g17 0.g25
60 22 15 0.20 0,090 0,187 0,370 0,588 0.728 0.787 0,809 0,816
60 31 20 0.20 0.100 0,215 0.383 0,518 0.801 0,841 0,853 0.658

60 10 8 0,30 0.084 0,162 0,805 0,512 0,725 0.877 0,956 0,986
60 15 11 0,80 0,097 0,20g 0.417 0,67g 0,880 0,96g O,gg3 0,g98
60 22 15 0,30 0.118 0,281 0.587 0.832 0.g53 O.g7g 0,985 _,986
60 31 20 0,30 0,138 0,347 0,638 0,822 0,900 O,g2g 0,g37 O,g3g

60 10 8 0.40 0,099 0,208 B,395 0,624 0,816 0,928 0,977 0,g93
60 15 11 0.40 0,117 0,277 0.537 0,795 0.940 0.988 0,998 O.ggg+
60 22 15 0,40 0,145 0.379 0.709 0,g28 0,g91 O,ggg O,ggg* 0,999+
60 31 20 0,40 0,178 0,488 0,820 0,9_3 O,ggO O,gg5 0,997 o,gg7

6_ 10 8 0.60 0.114 0,255 0,475 0,707 0.872 0,955 0,g86 0,994
60 15 11 0,50 0,13g 0.345 0,637 0,887 0,968 O.gg5 0.999 O,gg9*
60 22 15 0,50 0,177 0,474 0,808 0,965 0,997 o,ggg+ o,ggg_ 0.999.
60 31 20 0.50 0,223 0.614 0,g20 o,gg4 o,ggg+ o,ggg+ o.ggg+ 0,g99+

60 10 8 0.60 0,130 0,301 0,545 0.770 0,908 _.g70 o,g8g 0.994
80 15 11 0.80 0,182 0.412 0.716 0,912 0.g82 o.gg7 o.ggg* o,ggg*
60 22 15 8.80 0.211 0.561 0.874 B.g83 o,ggg o.ggg, o,ggg* o.ggg*
60 31 20 0.60 0,272 0.719 0,964 o.ggg o.9gg* 0,999* o,ggg4 0.999+

i

80 10 8 0,70 0.146 0.347 0,605 0.816 0.g32 0,979 o,ggo 0.995
60 15 11 0.70 0,186 0,474 0.777 0.940 0.989 0.998 0,999. o.ggg+
60 22 15 0.70 0.246 0.637 0,g17 B.ggl 0.999 o.ggg+ O.ggg* 0.999*
60 31 20 0.70 0.322 0,795 0,982 o.ggg o,9gg* o,ggg+ _.gg9* o,9gg+

80 10 8 0.80 0,163 0.390 0.657 0.851 0.948 0,g82 o,ggl o,gg5
80 15 11 0.80 0.211 0,532 0,825 0,g58 o.gg3 o,ggg O._g+ o.ggg*
60 22 15 0.80 0.283 0.702 0,g45 o,gg5 o,ggg* o.ggg+ o.ggg+ o.ggg+
60 31 20 0.80 0.374 0.852 o.ggl 0,999° o.ggg+ o.ggg* o.ggg* 0,999.

60 10 8 0.g0 0.180 0.431 0.700 0,878 0.960 0.983 0.992 0.998
60 15 11 _.go 0,236 _.584 0,861 0.970 0,995 0.999 0,999* o.ggg+
60 22 15 0,g0 0,320 0.757 0.963 o.gg7 0.999* o.ggg* 0.g99* o,gg9*
60 31 20 0,90 0.425 0,894 0.9_5 0 ggg+ 0,999. o.gg9+ o,ggg* o.ggg+

60 10 8 i.00 0.197 0,470 0.738 0,899 0.g67 0.g85 o.gg2 0.996
60 15 11 1.00 0.262 0,631 0.8g0 o.g7g o,gg7 0.999. o.g9g+ 0.g99*
60 22 15 1.BB 0.357 0.802 B.g75 0,998 0,999* B.999o 0,999. B.ggg*
80 31 20 1.00 0.475 0.925 0,997 0.999* 0.999. 0.999* 0.g99_ 0.999*
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TABLE 2. (CONTINUED)

del_a
alpha m=n r k e 0.6 1.0 1.5 2.0 2.6 3.0 3.6 4.0

0.049 76 10 8 0.10 0.060 0.081 0.122 0.197 0.326 0.499 0.652 0.737
0.050 76 16 11 0.10 8.065 0.093 0.168 0.260 0.424 0.656 0.607 0.621
0.062 75 22 16 0.10 0.072 0.112 0.193 0.310 0.407 0.454 0.475 0.482
0.049 76 29 !9 0.10 0.071 0.118 0.196 0.277 0.330 0.369 0.369 0.372

75 10 8 0.20 0.073 0.120 0.212 0.367 0.571 0.766 0.898 0.963
76 16 11 0.20 g.082 0.149 0.283 0.499 0.741 0.g06 0.968 o.gB3
75 22 15 0.20 0.096 0.192 0.388 0.857 0.851 0.918 0.936 0.941
75 2g lg 0.20 0.098 0.220 0.441 0.673 0.791 0.841 0.858 0.863

75 10 8 0.30 0,086 0.164 0,306 0,511 0.723 0.876 0.955 0,986
75 15 11 0,30 0,100 0,212 0.417 0.677 0,878 0.969 0.994 0.999
75 22 15 0.30 0.121 0.285 0.566 0,840 0.969 0.996 0,999 0,999
75 29 19 0.30 0,131 0.839 0.670 8.906 0.979 0.991 0,994 0.994

75 10 8 0.40 0.101 0.210 0.395 0.623 0.815 0.927 0.976 0.989
7B 15 11 0.40 0.120 0.279 0.537 0.792 o.g3B 0.987 0.998 o.ggg_
76 22 15 0.40 0.160 0.381 0.705 0.924 o.ggo B.ggg 0.99g* o.ggg.
75 2g 19 0.40 0.167 0.480 0.813 0.974 o.ggg 0.999, 0.999, o.ggg*

75 10 8 0.60 0.116 0.256 0.475 0.708 0.871 0.g64 0.981 o.ggo
76 15 11 0.60 0.142 0.347 0.836 0.864 0.967 0.994 0.999 0.999+
75 22 15 0.60 0.182 0.474' 0.803 0.983 0.996 O.9gg* 0.999* o,ggg*
76 29 19 0.60 0.207 0.571 0,896 0.991 0.999_ o.gg9* 0,99g* 0.999"

75 10 8 0.80 0.132 0.303 0.544 0.788 0.907 0.966 0.983 0,991
76 16 11 0.B0 0.165 0.412 0.714 0.910 0.981 0.997 o.gg9* o.ggg_
75 22 15 0.60 0,2i6 0.659 0,869 0.981 0,999 o.ggg+ 0.g99" 0.g99*
75 29 19 0.60 0.251 0.667 0.942 0.998 0.999. 0.99g* 0.999" 0.999.

75 10 8 0.70 0.148 0.348 0.604 0.814 0.931 0.970 0,985 0.992
75 15 11 0.70 0.189 0.474 0.775 _.938 0.988 0.9P3 0.999. 0.999.
75 22 15 0.70 0.251 0.634 0.913 0.990 0.999 0 _99+ 0.999* o.9gg+
75 29 19 0.70 0.295 0.745 0,968 0.999 0,999* 0.199. O,9gg+ 0.999*

75 10 8 0.B0 0.165 0.3gl 0,666 0.860 0.946 0.g73 o.gB6 0.993
76 16 11 0.80 0.214 0.631 0.822 0.957 0.993 0.999 o.gg9* 0.999.
76 22 16 0.80 0.287 0.699 0.942 0,996 0.999* o.9gg+ 0.999. o.gg9*
76 29 19 0.80 0.341 0.807 0,g82 0.999 0.999. 0.99g* 0.999* O.gg9+

T6 10 B 0.90 0.182 0.432 0.899 0,877 0.g50 0.976 0,g87 0,993
75 15 11 0.90 0.239 _.683 _.859 0.969 0,995 0.999 0.999* o.gg9*
75 22 15 0.90 0.323 0.763 0,960 0.997 0.999. 0.999" 0.999" 0,999*
75 29 19 0.90 0.387 0.855 0.990 0.999. 0.999* 0.99g* 0.g99" o.gg9*

75 10 8 1.00 0.199 0,470 0.738 0.898 0.954 0.977 0.988 0.994
75 15 11 1.00 0.284 0.829 0.887 0.978 0.997 O.ggg o.9gg+ 0.g99+
75 22 15 1.00 0,369 0.798 0.973 0.998 o.ggg* 0.999* o.ggg* 0.999+
76 2g 19 1.0_ 0,433 0.892 0.g94 o.ggg+ o.ggg+ o.ggg* o.ggg* o.ggg.
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TABLE_2. (CONTINUED)

del_=
mlphm m=n r k e 0,6 1,0 1,5 2,0 2,6 3,B 3,5 4.0

0,050 100 1g 8 0.10 0,062 0,083 0.123 0.198 0,327 0.509 0,699 0.834
0,052 100 16 11 0.10 0,067 0,096 0,154 0,263 0,444 0.657 0,790 0,827
0.049 100 20 14 0,10 0,065 0,099 0,170 0,307 0.510 8,658 0,703 0,717
0.048 100 27 18 0.10 8,069 0,1,12 0,204 0,357 0,496 0,557 0,585 0,593
0,048 100 36 23 0,10 0,073 0,128 0,230 0,346 0,418 0,457 0,472 0,476

11_ 1_ 8 0.20 0,074 0,122 0.214 0,367 0,570 0.765 0,898 0,964
100 15 11 B.2_ _,084 8,152 0.285 0,499 0,739 0.908 0,977 0.998
100 20 14 0,20 0,085 0,168 0.336 0.594 0.838 0,982 0.992 0,996
100 27 18 0.20 0,093 0,201 0,422 0,721 0,919 0,972 0,981 0.984
100 36 23 0.20 0.105 0.248 0.518 e,781 0.896 0,933 0,945 0,948

100 10 8 0.30 0,088 0.168 0.307 0,511 0.722 0,875 0,954 0.976
1_0 15 11 0,30 0,103 0,215 0,418 0,875 B.875 0,988 0.994 0,999
Z00 2e Z4 e,3e e.zes 0,247 0,499 0,779 0,944 8,992 0,999 8,999,
100 27 18 0.30 0.122 0,307 0,619 0,888 0,985 0,999 0,999* O,ggg+r
100 38 23 0,30 0,142 0,387 0,748 8.957 0.996 0,999 0,999 0,999*

100 10 8 0.40 0.103 0,211 0.396 0,622 0.813 8,928 0,982 8,979
100 15 11 0,40 0,124 0.282 0,536 0.790 0,937 0.987 0,998 0,999+
100 20 14 0,40 0,132 0,331 0,635 0,881 0,978 0,998 0,999* 0,999+
100 27 18 0.40 0.155 0,416 0,762 0,956 0.996 0,99g* 0,999* 0.999*
100 38 23 0,40 0,185 0.523 0,876 0.990 0,99g_ o.9gg° 0.999* 0,999+

100 10 8 0.50 0,118 0,258 0.475 0.704 0,869 0,g38 8.967 0.982
100 15 11 0.50 0.145 0,348 0.633 0.862 0,966 8.994 0.999 0.999+
100 20 14 0.50 0,159 0,414 0.738 0.935 0.991 8.999 B,ggg* o,ggg*
100 27 18 0.50 0,190 0,520 0,855 0.982 0,999 8,999+ o.ggg. o.9gg_
100 36 23 0.50 0.233 0.644 0.g41 0.997 o.ggg* o.ggg* o.ggg* 0.999*

180 1_ 8 0.60 0,134 0,304 0,544 0,766 0.895 8,945 0,971 0.984
10_ 15 11 0.60 0,168 0,413 0,711 0,907 0.980 0,997 0,999 0,999+
100 20 14 0.60 0.188 0.493 0.813 0.963 0.996 0.999_ 0,999* 0,999+
100 27 18 0.60 0,228 8,612 0.913 0,992 0.999+ 8.999* 0,999* 0,999*
10_ 36 23 0.60 0.284 0.741 0.972 0.999 0.999* o.9gg* 0.999* o.9gg+

100 10 8 0.70 0.150 0.348 0.603 0.813 0.Q07 0.951 _.g74 0.988
100 15 11 0.70 0.192 0.474 0.772 0.937 0,988 8.998 0,999 0,999*
100 20 14 0.70 0.218 0.565 0.867 0.978 0.998 0.99g* o.ggg* 0.999*
100 27 18 0,70 0,268 0,691 0,947 0.996 0,999* 0,999" 0,999* 0,999.
100 36 23 0.70 0.336 0.816 0.987 0.999* o.9gg* 8.999* o.ggg* 0.999*

100 10 8 0.80 0.i67 0.391 0.654 0.836 0.916 0.956 0.976 0.987
100 15 11 0.80 0.216 0.530 0.820 0.956 0.992 0.998 0.999 0.999*
100 20 14 0.80 0.249 0.629 0.905 0.987 0.999 0.999. _.999, 0.999+
100 27 1B 0.80 0.309 0.766 0.968 0.998 0.99g. o.9gg* 0.999* 0.999,
100 36 23 0.80 0.389 0.871 0.994 0.99g* O.ggg* 0.999, 0.999, o.ggg*

100 10 8 0.90 0.184 0.432 0.698 0.851 0.923 0.960 0.978 0.988
100 15 11 0.90 0.241 0.581 0.856 0.968 0.994 0.998 0.999 0.999*
100 20 14 0,90 g.280 0,684 0.931 0.992 8.999 0.999" 0.999* 0.999.
10_ 27 18 0.90 0,350 0,80g 0,980 0.999 0,999* o.ggg* 0.999* 0.999*
188 38 23 0.90 B.442 0.910 0.997 0.999. o.9gg* B.9gg* o.gg9* 0.999*

100 10 8 1.00 0.201 0,470 0.733 0,863 0,930 8.963 0.980 0.989
100 15 11 1.B0 0,267 0,628 0,885 0,977 0.995 0.999 0,g99. 0.99g*
1_0 20 14 1,00 0,312 0.733 0,950 0,995 0,999* o.9gg* 0.g99+ 0.999.
100 27 18 1,00 0.392 0.851 0,988 0,g99+ 0,999+ 0.999* 0.999* 0,999*
100 38 23 1.00 0,494 0.938 8.998 o.ggg_ B,gg9* 8,999. 0.999* o.9gg*
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