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I. Introduction

This appendix explains ENVIRON’s evaluation of the adequacy of the data set used in
the risk assessment for the WRF expansion project. The data set is used to characterize the
concentrations of chemicals in the media to which the populations of interest may be exposed.

In general terms, the adequacy of the data set is determined by the level of uncertainty in the risk
estimates that results from an incomplete characterization of these media. Complete
characterization of the media is not practical; the question is whether the data set supports risk
estimates that have an acceptable level of uncertainty.

In evaluating the adequacy of the data set, the critical question is whether the
probabilities of the potential decision errors are acceptable. The application of the Data Quality
Objectives (DQOs) process to the WRF expansion project is discussed in section I.C. of the risk
assessment report. USEPA guidance for the DQOs process (USEPA 2000a) indicates that action
levels and tolerable limits for decision errors should be selected by a planning team that includes
regulators and stakeholders, as well as technical personnel. Because Step 5 of the process was
not completed, the adequacy evaluation described in this appendix is based on assumed action
levels for various types of cumulative risks. The action levels assumed in this report are 1 x 10
for cumulative chemical cancer risks; a hazard index of one for cumulative chemical non-cancer
risks; and 3 x 10™* for cumulative radionuclide cancer risks. These levels were selected because
they are thresholds below which the various types of cumulative risks are generally considered to
be insignificant. Because Step 6 of the DQOs process was not completed, the tolerable limits on
decision errors have not been established.

This appendix describes the process by which the data set was analyzed to investigate and
characterize the probabilities of decision errors that may result from incomplete sampling. These
probabilities are estimated for each chemical that was found in soil at levels that contribute
significantly to the cumulative risks. The probabilities are calculated as the likelihood that the
true mean concentration is greater than the critical (minimum) concentration that corresponds to
an assumed action level using the conservative risk assessment procedures described in this
report. The adequacy of the ground water data is considered separately in a less quantitative
manner because the numbers of samples and significant chemicals used in estimating the risks
associated with exposure to ground water are much smaller than those used in estimating the
risks associated with exposure to soils, and because it is not appropriate to treat the available
ground water samples as independent observations of current and future conditions throughout
the WRF expansion site.

The analyses presented in this appendix indicate that probability of decision error is quite
small when the results of the risk assessment are accepted. The most likely exceedence of an
assumed action level for a single chemical in soil is a cancer risk greater than 1 x 10°® due to
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exposure to arsenic. The calculated probability of the most likely exceedence is about five
percent, but the likelihood that the actual risk exceeds the assumed action level is far lower
because of the many other conservative elements of the risk assessment process. Arsenic is
present primarily (perhaps entirely) as a result of background conditions, and the assumed action
level (1 x 10°°) represents the lower end of the range of cancer risks considered acceptable by the
USEPA.

Because the probability of decision error due to inadequacy of the data set is small, we
believe that the data set is adequate; it supports risk estimates that have a level of uncertainty that
we consider acceptable. ENVIRON recognizes, however, that the final risk management

decisions will be made by the appropriate regulatory agencies.
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II. Basis for Evaluating the Adequacy of the Data Set

This section of the appendix provides information about the data set that forms the basis
for the evaluation of data adequacy. The focus of this section is on the soils data; the adequacy
of the ground water data is addressed separately in a later section.

A. Selection of Significant Chemicals in Soil

The adequacy of the soil data set was evaluated by conducting a variety of statistical
analyses on the data obtained for individual chemicals. All of the chemicals detected in the soil
samples were included in the calculating the cumulative risks, but the risk calculations indicate
that there are only 14 chemicals with chemical-specific risk estimates that exceed one percent of
the assumed action levels. These 14 significant chemicals were identified by comparing the
chemical-specific risk estimates to the assumed action levels, as follows:

e The chemical-specific non-radionuclide cancer risk estimates for exposure to soils
presented in Appendix M were compared to 1.0 x 107 (one percent of the assumed action
level of 1.0 x 10 for cumulative non-radionuclide cancer risks). Arsenic and total
dioxins and furans (quantified as the toxicity equivalent quotient, or TEQ) were identified
as significant by this criterion.

e The chemical-specific non-cancer hazard index values for exposure to soils presented in
Appendix M were compared to 0.01 (one percent of the assumed action level for
cumulative non-cancer risks, which is a hazard index of one). Aluminum, arsenic,
barium, iron, manganese, and perchlorate were identified as significant by this criterion.

e The chemical-specific radionuclide cancer risk estimates for exposure to soils presented
in Appendix O were compared to 3.0 x 10" (one percent of the assumed action level of
3.0 x 10™ for cumulative radionuclide cancer risks). The seven radionuclides that were
identified as significant by this criterion are actinium 228, bismuth 214, potassium 40,
radium 226, radium 228, thallium 208, and thorium 228. As explained in section VIILA,
some of the radionuclides considered in the cumulative risk calculations are decay
products of other radionuclides and were not measured directly when the soil samples
were analyzed. To perform the risk calculations, the concentration of each of the
unmeasured decay products was assumed to be in secular equilibrium with the parent
radionuclide. The parent radionuclides and decay products are identified in Table 35.
The risks associated with many of the decay products (both measured and unmeasured)
are included in the risk estimates for their parents because the toxicity factors used for the
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parents include the short-lived decay products. The toxicity factors that account for the
short-lived decay products are identified in Table 49 by the suffix, “+D”. As indicated in
that table, the toxicity factors used to calculate the risks associated with lead 210, radium
226, radium 228, thorium 228, uranium 235, and uranium 238 include the effects of
short-lived decay products.

The risk estimates used to identify the 14 significant chemicals in soil were calculated
using Y the reported detection limit to represent each concentration reported as a non-detect.
ENVIRON considered using a more sophisticated approach to the censored data, but concluded
that this was not necessary. The most conservative way to represent the non-detects would be to
use the reported detection limit for each as an observed value; this would maximize the values
assigned to the censored samples and tend to maximize the values of the exposure point
concentrations. Substituting the detection limit for % the detection limit would not increase any
of the mean concentrations by more than a factor of two. The only additional chemical that
would have been identified as significant in soil if the risk estimates associated with it were
doubled is vanadium. Because vanadium was detected in all of the soil samples, the risks
associated with it are not dependent on the protocol used to assign values to the non-detects.
Thus, none of the chemicals that were not judged to be significant in soil were excluded because
of the protocol used to represent non-detects.

The final list of significant chemicals, the abbreviations used to identify them in the
statistical output in this appendix, and the number of non-detects reported for each is provided in
Table G-1.

Table G-1
Abbreviations and Number of Non-Detects Reported for the 14 Significant Chemicals at the
70 WRF Soil Sampling Locations
Chemical Abbreviation Non-Detects
Aluminum Al 0
Arsenic As 0
Barium Ba 0
Iron Fe 0
Manganese Mn 0
Dioxin TEQ 41
Perchlorate Pclr
Actinium 228 Ac228
Bismuth 214 Bi214 0
Potassium 40 K40 0
Radium 226 Ra226 20
Radium 228 Ra228 0
Thallium 208 T1208 1
Thorium 228 Th228 0
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B. Soil Sampling Locations

The data set used in the risk assessment was generated by chemical analysis of soil
samples collected at 70 sampling locations in the 26 borings shown in Figure 6 of the report.
These locations were categorized by their previous use as (1) former ponds, (2) ditches, and (3)
other (i.e., outside of the former ponds and ditches). The conceptual site model developed in
section III.B of the report suggests that there may be significant differences in chemical
concentrations among these three categories. In addition, differences in concentration with depth

below the ground surface (bgs) are anticipated.
The 12 borings in the northern exposure area (NEA) include:

e One in each of seven former ponds (P-11 through P-17)

e Two in the Beta ditch (B-2 and B-3)

e Three that are outside of the former ponds and ditches, including two in the
Eastern area (E-1 and E-2) and one in the future street alignment (S-2)

The NEA locations were generally sampled at two or three depth intervals: 0-1 foot bgs,
4-5 feet bgs, and (in some cases) deeper. The two upper sampling intervals were selected
because the soils in the NEA will be re-graded to a depth of about five feet during the
construction period. Thus, direct contact exposure to the soils that are currently in the uppermost
five feet is likely both during and after construction. Soil samples were collected at depths
greater than five feet at only 5 of the 12 NEA sample locations, and were not used to calculate
exposure point concentrations (EPCs).

The 14 borings in the southern exposure area (SEA) include:

e One in each of ten ponds (P-1 through P-10)
e Two in the Alpha ditch (A-1 and A-2) and one in the Beta ditch (B-1)
¢ One in the future street alignment (S-1)

The SEA locations were generally sampled at three depth intervals: 0-1 foot bgs, 10-12
feet bgs, and immediately above the water table. The deepest sample was generally collected
from a two-foot interval between 16 and 22 feet bgs.

These locations and depths were selected to represent the soils to which receptors may be
exposed during and after construction of the WRF expansion project. The discussion of
representativeness in Appendix F explains the selection of the final sampling locations in the
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former ponds. The use of the data from various samples to derive representative exposure point
concentrations (EPCs) is explained in detail in section V.B.

C. Investigation of Homogeneity Within Ponds

One of the issues raised during development of the site characterization work plan
concerns the homogeneity of the concentrations within each of the former ponds. ENVIRON’s
site characterization effort did not include sampling at multiple locations within each pond, so
the data set generated from the May 2001 sampling cannot be used to address this issue. This
issue was investigated using data obtained from an earlier investigation conducted by others,
primarily in ponds that are not on the WRF expansion property. The results of this investigation
are likely to be applicable to the WRF expansion site, although there are potential differences
between on-site and off-site conditions.

Concentration data from six discrete soil samples in each of seven ponds was submitted
in ERM’s Discrete/Composite Data Analysis memo to NDEP dated 28 August 2000. Only one
of the seven ponds (identified as LD-2 by ERM and represented by location P-11 in ENVIRON’s
May 2001 sampling effort) is located within the WRF expansion area. The data from pond LE-9
were excluded from ENVIRON’s evaluation of homogeneity because this pond had been
remediated; the others had not, and are more likely to represent conditions to be found in the
former ponds in the WRF expansion area. Data are available for six samples in each of six
ponds for four inorganic chemicals (arsenic, lead, manganese, and perchlorate). Three of these
four (all but lead) were identified as significant chemicals for assessing risks in the WRF
expansion area. Although discrete sample data were also available for some organic chemicals,
these chemicals were not considered in ENVIRON’s evaluation of homogeneity because none of
them were among the 14 chemicals identified as significant.

The level of homogeneity within ponds was evaluated by using bubble plots to search for
spatial patterns or trends and analysis of variance (ANOVA) to test the significance of the
between-pond variation relative to the within-pond variation. A one-way ANOVA was
performed for each of the four chemicals. Because the variation within the ponds did not appear
to be normally distributed or homoscedastic, each ANOV A was performed using the Kruskal-
Wallis test (a nonparametric procedure). The bubble plots and the statistical output from the
ANOVA tests are provided at Tab 16 in the statistical analysis section of this appendix.

The ANOVA results generated using the data from all six ponds (which are summarized
in Table G-2) indicate that the differences between the ponds are significantly greater than the
variation within ponds for arsenic, lead, and perchlorate. The p-values for these parameters were
all less than 0.01. For manganese, the p-value was about 0.4, which indicates that for this
chemical, the differences among the ponds are not significant with respect to the within-pond
variation. These findings are consistent with the bubble plots; the differences between the ponds
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appear to be greater than the differences within the individual ponds for arsenic, lead, and
perchlorate. Consistent patterns of variation within the individual ponds were not identified, and
the ranking of the ponds by mean concentration differs from one chemical to another.

The bubble plots for this data set suggest that some of the differences between the ponds
may be explained by location as well as by waste disposal history. The effects of these two
potential controlling factors are confounded and cannot be separated with the limited data set
available. The most striking differences for arsenic and lead are between the pond in the WRF
expansion area (PLD-02) and the five ponds located near the base of the slope (PLG-04, PLG-
05, PLG-06, PLH-03, and PLI-02). Compared to the ponds near the base of the slope, the pond
at the WRF expansion site has lower concentrations of arsenic and higher concentrations of lead.
The mechanism that caused these differences is not clear, but is likely associated with the waste
disposal history of the various ponds. The perchlorate bubble plot indicates that high
concentrations are limited to the two ponds (PLH-03 and PLI-02) located in the area identified as
“wetlands vicinity” in Figure 1-3 of the draft closure plan for the pond area submitted on behalf
of the Basic Remediation Company (ERM 2001). The high concentrations of perchlorate in
these ponds are likely the result of historical periods in which the ground water table was at or
very close to the soil surface. An ANOVA for perchlorate performed on the four ponds that are
not in the “wetlands vicinity” indicates that the differences among the four ponds are significant
relative to the variation within these ponds. The JMP output that supports this statement is
provided at the end of Tab 16 in the statistical analysis section of this appendix.

This evaluation suggests that the concentrations within each of the former ponds for
which multiple soil samples were analyzed are relatively homogeneous for some chemicals.
Most importantly, the differences in the concentrations of arsenic and perchlorate (two of the
most significant chemicals in the risk assessment) among the former ponds are significantly
greater than the variation within the individual ponds. This observation is expected to be valid
for the WRF expansion area, but cannot be tested conclusively with the available data sets.

TABLE G-2
Summary of One-Way Analysis of Variance Performed with
Discrete-Sample Data from Six Former Ponds

Chemical p-value*
Arsenic 0.0005
Lead 0.0043
Manganese 0.4038
Perchlorate <0.0001

* In this context, the p-value is a measure of the significance of the variation between groups
relative to the variation within groups; p-values less than 0.05 (five percent) indicate that there are
significant differences between the ponds.
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D. Statistical Characterization of the Soils Data Set
The data set obtained from the soil samples was analyzed to characterize the statistical

distributions, identify outliers, calculate summary statistics, search for spatial trends and patterns,

and determine whether there are significant differences among the historic land use categories

and depth intervals. Most of these analyses are presented as output generated by the JMP®
statistical software package (version 3.1, SAS Institute 1995). This output is organized by tabs

(one for each of the 14 significant chemicals) in the statistical analysis section of this appendix.

For each chemical, the output includes:

1.

Evaluation of frequency distributions: quantiles, moments, histograms, quantile
box plots, outlier box plots, and normal quantile plots are provided for both the
concentration data and the natural logarithms of the concentration data. The
symbols used in the plots are as follows:

x — P (pond) sampling locations
O - D (ditch) sampling locations

+ - O (other) sampling locations

INlustration of spatial patterns: bubble plots for the 14 significant chemicals are
provided in the tabbed sections. These are identical to the bubble plots provided
for the same chemicals in Appendix D. The bubble plots were developed using
the Surfer 7° software package (version 7.02, Golden Software 2000).

. Evaluation of sources of variation in the data: one-way analysis of variance

(ANOVA) and pairwise comparison tests (both parametric and nonparametric) are
provided to examine the differences between categories defined by historical land
use (pond, ditch, or other) and depth zones. The depth categories are identified in
the JMP output as T (top, or 0-1 foot bgs), M (middle, which is 4-5 feet bgs in the
NEA and 10-12 feet bgs in the SEA), and B (bottom, which is deeper than the
middle sample). Similar ANOV As were presented in Appendix D and discussed
in section II.B of the report, but additional details (e.g., nonparametric pairwise
comparisons) are provided in this appendix. The results of these tests are
summarized in Table G-3 and Table G-4.
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TABLE G-3

Summary of One-Way ANOVA by Location Category

(Pond/Ditch/Other)
Order of | Parametric | Nonparametric | Pond vs. | Pond vs. | Ditch vs.
Chemical Means ANOVA ANOVA Ditch Other Other
(high to p-value* p-value* p-value* | p-value* | p-value*
low)
Aluminum O-D-P 0.3816 0.2463 0.4478 0.1100 0.4172
Arsenic D-P-0O 0.0301 0.0391 0.1700 0.0546 0.0204
D>0
Barium O-D-P 0.7256 0.1264 0.1645 0.1787 0.0821
Iron O-P-D 0.1748 0.0942 0.3950 0.1035 0.0175
O>D
Manganese D-O-P 0.0346 0.0232 0.0856 0.0140 0.5820
O>p
Dioxin P-D-0O 0.9121 0.2074 0.3145 0.1057 0.5052
Perchlorate D-P-0O 0.2957 0.0025 0.0504 0.0148 0.0009
P>0 D>0
Actinium 228 | P-D-0 0.6169 0.8805 0.9199 0.6060 0.7498
Bismuth 214 D-P-0O 0.0324 0.0322 0.1818 0.0586 0.0083
D>0
Potassium40 | O-P-D 0.2703 0.4293 0.6408 0.2659 0.2345
Radium 226 D-O-P 0.5137 0.5231 0.4001 0.3844 0.3390
Radium 228 O-P-D 0.7780 0.3531 0.9271 0.1853 0.1734
Thallium 208 | O-P-D 0.0907 0.0912 0.7483 0.0388 0.0632
O>p
Thorium 228 | O-P-D 0.3635 0.1825 0.2724 0.1786 0.1045
Note:

* In this context, the p-value is a statistical measure of the significance of the difference in mean values; p-values less

than 0.05 (five percent) are considered indicative of significant differences.
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TABLE G4
Summary of One-Way ANOVA by Depth Category

(Top/Middle/Bottom)
Order of | Parametric | Nonparametric | Top vs. Top vs. Middle
Chemical Means ANOVA ANOVA Middle | Bottom VS.
(high to p-value* p-value* p-value* | p-value* | Bottom
low) p-value*
Aluminum T-M-B 0.0003 0.0001 0.0211 0.0002 0.0024
T>M T>B M>B
Arsenic B-M-T 0.1100 0.0003 0.0138 0.0003 0.0169
M>T B>T B>M
Barium T-M-B 0.0338 0.0234 0.0502 0.0154 0.2057
T>B
Iron T-M-B <0.0001 <0.0001 0.0545 <0.0001 0.0020
T>B M>B
Manganese T-M-B 0.0028 0.0001 0.0244 0.0002 0.0013
™M T>B M>B
Dioxin T-M-B 0.4361 0.6325 0.5581 0.3161 0.8113
Perchlorate T-M-B 0.0200 0.2551 0.7557 0.2827 0.0626
Actiniom 228 | T-M-B 0.0099 0.1127 0.7211 0.0388 0.1150
T>B
Bismuth214 | B-M-T <0.0001 0.0003 0.2131 0.0001 0.0023
B>T B>M
Potassium40 | B—-M-T 0.9477 0.7720 0.9416 0.4812 0.5666
Radium226 | B-M-T 0.8248 0.6309 0.8619 0.3771 0.4238
Radium 228 T-M-B 0.1038 0.2315 0.1615 0.1266 1.0000
Thallium 208 | T-M—-B 0.0943 0.1224 0.1962 0.0419 0.4653
T>B
Thorium 228 | M-T-B 0.0032 0.0386 0.1051 0.2188 0.0169
M>B

Note:

* In this context, the p-value is a statistical measure of the significance of the difference in mean values; p-values
less than 0.05 (five percent) are considered indicative of significant differences.
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4. Comparisons to background: the mean concentrations for each of five subsets of
the soils data set are compared to the mean background concentrations in this
appendix. These subsets are the exposure point concentration (EPC) groups used
in the risk assessment. The comparisons provided here supplement the
comparisons by exposure area that are presented in Appendix E. The additional
comparisons are used to assess the likelihood that the risks associated with
exposure to each of the significant chemicals in soil are attributable to background
conditions. Each comparison is based on a nonparametric test for differences
between the populations represented by the background samples and the samples
collected at the WRF expansion site. The nonparametric test procedure used in
this evaluation is the Wilcoxon Rank Sum test. This procedure is used to test
whether the values in one population are consistently larger or smaller than the
values in another population and can be interpreted as a test of the null hypothesis
that the means of the two populations are equal (Gilbert 1987). In this context,
each Wilcoxon Rank Sum test was interpreted as a test of the null hypothesis that
the mean concentration in the soils represented by a specific EPC group is less
than or equal to the mean background concentration. The results of these tests are
summarized in Table G-5, and the details of each test are provided in this
appendix in the last five pages of the statistical (JMP) output for each of the 14
significant chemicals. The statistical pages for the five EPC groups are presented
in the order used for the EPC groups throughout this appendix (NEA 0-1, NEA 0-
5, SEA 0-1, SEA 0-12, and SEA all). All of the hypothesis tests described in this
report have been interpreted at a five percent level of significance by comparing
the p-values to 0.05. The p-values reported for the Wilcoxon Rank Sum test in
Table G-5 (and in other tables throughout this report) are appropriate for the
number of samples in each of the data sets being compared. As shown in Gilbert
(1987), the sample sizes are used in calculating the Wilcoxon Rank Sum test
statistic; no adjustment of the p-values is necessary.

The statistical analyses in this appendix are presented separately for each significant
chemical to facilitate the chemical-specific evaluation of the adequacy of the data set.
ENVIRON considered characterizing the joint probability distributions of these 14 constituents,
but concluded that the results of this approach would be subject to uncertainties that can be
avoided by performing the evaluation separately for each chemical. Although the evaluation of
adequacy does not depend on the correlations among the 14 significant chemicals, the JMP
output that summarizes these correlations is provided at Tab 15.
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E. General Observations
When evaluated at the five percent level of significance, the statistical analyses presented at the
tabs support the following general observations regarding the 14 significant chemicals.

e The concentration data for most of the chemicals do not appear to be consistent with a
normal or lognormal distribution. Exceptions are aluminum (consistent with both);
potassium 40 and thallium 208 (which are consistent with a normal distribution); and arsenic
(which is consistent with a lognormal distribution).

e The number and nature of the outliers varies greatly from chemical to chemical. Most of the
low outliers are associated with the deepest sampling intervals, but so are a number of the
high outliers. Relatively few outliers of either type are associated with samples collected
from the middle depth interval or at locations outside of the former ponds and ditches.

e The bubble plots do not reveal any consistent, gradual trends (e.g., a gradual increase from
south to north across the site) in the values for these 14 chemicals.

e The values for most of these chemicals exhibit relatively little variation. The bubble plots for
the chemicals that exhibit greater variation tend to be dominated by just a few relatively high
values. These chemicals include perchlorate and (to a lesser degree) arsenic and radium 226.
Dioxins were detected at only 29 of the 70 sample locations, but this observation applies to
the total dioxin bubble plot as well although most of the information on the bubble plot
reflects variations in the MDLs.

e The correlations among the chemicals suggest that aluminum, iron, and manganese vary in
similar ways. Dioxins (TEQ) and perchlorate appear to vary independently of each other and
of the other chemicals. Among the radionuclides, there appear to be two groups that vary in
similar fashion (Ac228, K40, T1208, and Th228 form one group; Bi214, Pb210, and Ra226
form the other). These groups represent the thorium series (plus potassium 40) and the
uranium series, respectively.

G-12 ENVIRON



(summarized by p-value* and relationship of

TABLE G-5
Comparisons to Background by EPC Group

oup mean to background (BG) mean)
Chemical NEA0-1 | NEA0-5 | NEA all** | SEA 0-1 | SEA 0-12 SEA all
Aluminum 0.0410 0.0345 0.0489 0.0011 0.0087 0.2746
NEA>BG | NEA>BG | NEA>BG | SEA>BG | SEA>BG
Arsenic 0.3646 0.0632 0.0136 0.6471 0.0111 0.0003
NEA>BG SEA>BG | SEA>BG
Barium 0.1042 0.0152 0.0069 0.1291 0.0152 0.0021
BG>NEA | BG>NEA BG>SEA | BG>SEA
Iron <.0001 <.0001 <0001 <.0001 <.0001 <.0001
NEA>BG | NEA>BG | NEA>BG | SEA>BG | SEA>BG | SEA>BG
Manganese 0.8345 0.6580 0.4409 0.0844 0.6872 0.2826
Dioxin 0.0411 0.0241 0.0098 0.4543 0.0510 0.0090
BG>NEA | NEA>BG | NEA>BG SEA>BG
Perchlorate 0.0006 <.0001 <.0001 <.0001 <.0001 <.0001
NEA>BG | NEA>BG | NEA>BG | SEA>BG | SEA>BG | SEA>BG
Actinium 228 0.0944 0.0192 0.0136 0.0844 0.0240 0.0042
BG>NEA | BG>NEA BG>SEA | BG>SEA
Bismuth 214 0.5615 0.7318 0.8868 0.2986 0.0570 0.0050
SEA>BG
Potassium 40 0.0007 <.0001 <.0001 0.0006 <.0001 0.0003
BG>NEA | BG>NEA | BG>NEA | BG>SEA | BG>SEA | BG>SEA
Radium 226 0.2854 0.1162 0.0369 0.7709 0.3537 0.6506
BG>NEA
Radium 228 0.0258 0.2416 0.4622 0.0672 0.0218 0.0209
NEA>BG BG>SEA | BG>SEA
Thallium 208 0.3896 0.0535 0.0423 0.0303 0.0171 0.0067
BG>NEA | BG>SEA | BG>SEA | BG>SEA
Thorium 228 0.0434 0.0815 0.0490 0.0199 0.0111 0.0021
BG>NEA BG>NEA | BG>SEA | BG>SEA | BG>SEA

Notes:

* In this context, the p-value is a statistical measure of the significance of the difference in mean values; p-values
less than 0.05 (five percent) are considered indicative of significant differences.
** NEA all is not an EPC group, but is included in this table for convenience.
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e The results of the comparisons between categories based on historical land use (summarized
in Table G-3) indicate that there are no significant differences between the Pond samples and
the Ditch samples. The Pond and Ditch groups both have higher mean concentrations than
the Other group for perchlorate. The Other group means are greater than the Pond group
means for manganese and thallium 208 and greater than the Ditch group mean for iron. The
Ditch group has higher means than the Other group for arsenic, perchlorate, and bismuth 214.
The differences between the Pond and Ditch groups and the Other group are not consistent or
readily explained. Three of the difference identified as significant by the nonparametric
pairwise comparisons involve the group with the middle value; the greater difference
between the highest and lowest values is not identified as significant. These differences are
between the Pond group (represented by 46 samples) and the Other group (represented by
only 11 samples) for perchlorate, manganese, and thallium 208. These results illustrate the
problems that can occur when all non-independent comparisons are performed using the
same data set. The pairwise differences identified in Table G-3 were not consistent or
significant enough to require the development of separate exposure point concentrations for
sub-areas defined on the basis of historical land use.

e The results of the comparisons between categories based on sampling depth interval
(summarized in Table G-4) indicate that concentration decreases with depth for aluminum,
iron, and manganese, but increases with depth for arsenic. There are no significant
differences with depth for dioxins (TEQ) or perchlorate. Some of the differences for the
radionuclides are statistically significant, but no general patterns are apparent.

e The only chemicals that are significantly elevated relative to background for all of the
subsets of the WRF data set are iron and perchlorate. The levels of potassium 40 are
significantly lower than background at all depths in both exposure areas. The data for
manganese and radium 226 are consistent with background for all five EPC groups.

A more detailed discussion of the results of the comparison to background is provided
in section II.G of this appendix.

F. Determination of Exposure Point Concentrations
Exposure point concentrations (EPCs) for the risk assessment were calculated as 95
percent upper confidence limits (UCL) on the mean concentrations for each of five subsets of the

WREF soils data set. The two subsets (EPC groups) considered for the NEA are:

e surface only (0-1 foot bgs)
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e surface and subsurface (0-1 and 4-5 feet bgs)

The three EPC groups for the SEA are:
e surface only (0-1 foot bgs)
e surface and subsurface (0-1 and 10-12 feet bgs)
e all depths

The selection of the EPC group used to evaluate the risks for each receptor population
and pathway is explained in detail in section V.B of the report. For each chemical and exposure
area, the relevant group with the highest EPC was used. This procedure increases the
conservatism of the risk assessment.

EPCs were determined for each chemical and EPC group by a multi-step process. The
first step was to develop a 95 percent UCL for the mean concentration using the nonparametric
percentile bootstrapping procedure described in An Introduction to the Bootstrap by Efron and
Tibshirani (Chapman & Hall, New York, 1993). The bootstrapping procedure involves repeated
random sampling (with replacement) of the available data set for each chemical and EPC group.
Each random sample includes the same number of observations as the available data set; but
because the random sampling is performed with replacement, the same observation may appear
more than once in the same random sample. Therefore, the mean concentration in any random
sample may differ from the mean concentration in the available data set from which the random
samples were drawn. In this study, the bootstrap UCL for each chemical and EPC group was
obtained by drawing 1,000 random samples from the available data set. The mean concentration
was calculated for each of the random samples, and the sample means were put in order by value
from lowest to highest. The 950™ of the 1,000 ordered sample means (i.e., the 50™ highest) was
used as a 95 percent UCL on the mean concentration for the chemical and EPC group
represented by the data set from which the random samples were selected. This procedure was
discussed with and recommended by representatives of the NDEP during and after a meeting in
September 2002.

The data for each chemical and EPC group were used to test the null hypothesis of
normality at the five percent level of significance. Where the null hypothesis was not rejected,
the bootstrapped UCL was replaced by the UCL calculated using the normal distribution formula
presented in Supplemental Guidance to RAGS: Calculating the Concentration Term (USEPA
1992a). The final step in determining the EPC was to compare the UCL to the maximum
concentration value. USEPA guidance (1992a) indicates that the highest measured or modeled
value may be used as the EPC if it is lower than the 95 percent UCL and additional data cannot
be obtained. All of the EPCs used in this risk assessment were calculated as 95 percent UCLs
because the UCL for each chemical and EPC group was less than the maximum concentration.

G-15 ENVIRON



In calculating the EPCs, non-detects were set equal to ¥ the method detection limit
(MDL) reported by the laboratory. The MDL for each chemical varies from sample to sample.
ENVIRON considered using a more sophisticated approach to the censored data, but concluded
that this was not necessary. One alternative way to represent the non-detects would be to use the
MDL for each as an observed value; this would maximize the value assigned to each non-detect
and (as a result) maximize the mean value. Other alternative procedures could be applied, but
these generally require distributional assumptions that cannot be reliably verified for the
infrequently-detected chemicals. Therefore, ENVIRON evaluated the effects of using ¥ the
MDL by comparing the resulting EPCs to those derived using the MDL to represent each non-
detect. Although the MDL alternative may reduce the standard deviation relative to that
calculated using %2 the MDL and is not necessarily the most conservative alternative (in that it
may not produce the highest possible EPCs), it tends to produce conservative estimates of the
exposure point concentrations.

Representing non-detects by the MDL instead of by % the MDL would not increase any
of the mean concentrations by more than a factor of two, and would have little effect for
chemicals with few non-detects. Table G-1 shows that all but two of the 14 significant
chemicals (dioxin and radium 226) were detected in all or nearly all of the soil samples. Table
G-6 provides the ratios of the EPCs derived for all 14 significant chemicals using the two
alternative methods (i.e., %2 the MDL and the MDL) of assigning values to the non-detects. The
deviations of the ratios from the expected value of one for chemicals that were detected in all
samples are due to the random nature of the bootstrapping process. The ratios of the EPCs
obtained by the two methods are close to one for all of the chemicals except dioxins (TEQ). The
TEQ values used in the comparison for dioxins were obtained by applying the two alternatives
(V2 the MDL and MDL) to the data obtained for the individual congeners, then calculating the
TEQ for each soil sample as explained in section VI.B.1 of the risk assessment report. The
ratios for dioxins in Table G-6 suggest that the use of ¥ the MDL for non-detects could result in
underestimation of the actual TEQ values if the individual congeners are typically present at
levels lower than the MDL, but higher than % the MDL. In the most extreme case (i.e., when all
undetected congeners are present at the MDL) the actual TEQ would be underestimated by a
factor of less than two. The ratios for the other chemicals indicate that the EPCs are not sensitive
to the method used to assign values to the non-detects.
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TABLE G-6
Comparison of EPCs Calculated by Two Alternative Methods for Assigning Values to Non-Detects:
(a) equal to 1/2 of the MDL
(b) equal to the MDL
Ratio (b)/(a)

Chemical NEA 0-1' NEA 0-5' SEA 0-1' SEA 0-12' SEA All
Aluminum 1.00 1.00 1.00 1.00 1.00
Barium 1.00 1.00 1.01 1.01 1.02
Arsenic 1.02 1.03 1.01 1.02 1.04
Iron 1.00 1.00 1.00 1.00 1.00
Manganese 1.00 1.00 1.00 1.03 1.02
Dioxins/Furans TEQ 1.95 1.72 1.66 1.69 1.76
Perchlorate 1.07 1.04 1.00 1.05 0.97
Actinium 228 1.00 1.00 1.00 1.00 1.01
Bismuth 214 1.00 1.00 1.00 0.99 1.00
Potassium 40 1.00 1.00 1.00 1.00 1.00
Radium 226 1.01 1.00 1.04 1.04 0.97
Radium 228 1.01 1.00 1.00 1.00 1.00
Thallium 208 1.00 1.00 1.00 1.00 1.01
Thorium 228 1.00 1.00 1.00 1.00 1.00
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G. Comparison of the EPC Groups to Background

Background concentrations of the 14 chemicals of interest were established through the
sampling and analysis program described in Appendix E. Table E-5 summarizes the comparison
of the mean concentration in each exposure area (northern and southern) to the background mean
concentration for the 39 chemicals that were detected in most of the background samples. The
comparison in Appendix E supports the site characterization, but the risk calculations are based
on the EPCs. Therefore, a more detailed comparison to background for the 14 significant
chemicals is presented here to support the risk assessment and data adequacy evaluation.

Table G-7 shows the mean concentration of each chemical calculated from the available
data for each EPC group expressed as a percentage of the mean concentration for the same
chemical in the background samples. These percentages compare the mean concentrations
calculated from the available data (i.e., the sample means), and are not necessarily indicative of
significant differences between the mean concentrations in the soils represented by the various
data sets (i.e., the population means). A percentage that is less than 100 occurs when the mean
concentration in the soil samples collected at the WRF expansion site is lower than the mean
concentration in the background soil samples. This result could be due to random variation; the
calculated means of the various data sets are expected to differ to some extent even if all of the
soil samples represent the same population. Alternately, percentages less than 100 may be due to
the impact of waste disposal activities at the WRF expansion site. Waste disposal activities may
have reduced the concentrations of some chemicals by leaching them from native soils, or by
mixing or replacement of native soils with waste solids that have concentrations that are lower
than the background concentrations. Similarly, percentages greater than 100 may be due to
random variation, or (alternately) to adsorption of chemicals from waste liquids or mixing or
replacement of native soils with waste materials that have concentrations greater than the
background concentrations. By themselves, the percentages do not identify the situations in
which the mean concentration of a chemical in the soils represented by the available data for a
particular EPC group is significantly different from the mean background concentration. The
cases in which the differences in population means are significant were identified by the pairwise
comparisons described in section IL.D of this appendix and summarized in Table G-5. Table G-7
uses bold italic text to identify the percentages that correspond to the significant differences
identified in Table G-5. All of the percentages in Table G-7 are discussed in the following
paragraphs.

For many of the chemicals, the percentages of the background mean are consistent across
the EPC groups. This consistency suggests that the concentration is relatively uniform
throughout the area and depth zones of interest. Iron is present at about 150 percent of
background in all of the EPC groups, and all of the differences are statistically significant.
Aluminum is present at about 120 percent of background in all groups, and the only group for
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which the difference is not significant is SEA all. The mean concentrations for six other
chemicals (barium and five of the seven radionuclides) are consistently lower than background,
and many of these differences are statistically significant. Although the percentages for
manganese are less consistent than those for these other chemicals, the mean concentrations for
manganese and radium 226 are consistent with background for all five EPC groups according to
the hypothesis tests in Table G-5. The percentages for bismuth 214 are less than 100 in the NEA
groups, but greater than 100 for the SEA groups; the only statistically significant difference is for
SEA all. For radium 228, the percentages for both NEA groups are greater than 100 but only the
difference for NEA 0-1 is statistically significant. The percentages for the SEA groups are less
than 100 and the differences for SEA 0-12 and SEA all are statistically significant.

The highest percentages in Table G-7 are all for perchlorate, which is elevated relative to
background for all of the EPC groups. The perchlorate concentrations in the surface samples are
nearly 140 times higher than background, but the mean concentrations in the EPC groups that
include sub-surface samples are as low as 73 times background.

The mean levels of arsenic exceed the background mean by substantial margins (147 to
216 percent) in the data sets for all EPC groups, but the hypothesis tests indicate that the only
population means for arsenic that are greater than background are in the SEA groups that include
sub-surface samples. The maximum depth of the background soil samples was four feet and the
middle and deep samples collected in both exposure areas at the WRF site were at depths greater
than four feet. The concentrations of arsenic increase significantly with depth (as shown in
Table G-4), so the EPC groups that include the deeper samples are likely to have higher mean
concentrations. These facts suggest that if the characterization of background had included
samples collected at depths greater than four feet, the statistical comparisons may have indicated
that none of the mean concentrations of arsenic are significantly greater than background.

The percentages of background calculated for dioxin range from 75 percent in the NEA
surface samples to 448 percent in the SEA surface samples. The dioxin concentrations appear to
increase with depth in the NEA and decrease with depth in the SEA. Although the two highest
percentages are for SEA 0-1 (448 percent) and SEA 0-12 (266 percent), neither of these
differences is significant. This indicates that the dioxin concentrations within these EPC groups
are quite variable.
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TABLE G-7
Mean Concentrations for EPC Groups
Expressed as Percentages of Background Means

Chemical NEA 0-1 NEA 0-5 SEA (-1 SEA 0-12 SEA all
Aluminum 122 118 122 115 107
Arsenic 147 192 181 173 216
Barium 79 75 94 81 74
Iron 169 163 163 154 141
Manganese 102 96 135 114 97
Dioxin 75 157 448 266 195
Perchlorate 13,873 9,342 13,299 9,323 7,332
Actinium 228 88 85 85 86 80
Bismuth 214 97 98 109 116 146
Potassium 40 86 85 87 88 88
Radium 226 80 78 85 87 95
Radium 228 115 107 93 91 90
Thallium 208 95 90 91 91 88
Thorium 228 87 90 84 86 82
Note:

BOLD italic text indicates a case in which the pairwise comparisons in Section IL.D of this appendix indicate that
the EPC group mean differs significantly from the background mean; if the percentage is greater than 100, the EPC
group mean is significantly higher than background according to the hypothesis tests summarized in Table G-5.
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H. Development of Critical Concentrations

To facilitate the evaluation of the adequacy of the data set, critical concentrations were
established for each of the chemicals included in the cumulative risk calculations for soils. In
many risk assessments, the critical concentrations can be set equal to benchmarks such as the
USEPA soil screening levels (SSLs) or the Region IX preliminary remediation goals (PRGs).
Benchmarks based on exposure to soils are available for only seven of the 14 chemicals that may
be significant in determining the cumulative risks associated with exposure to soils in the WRF
expansion area. Furthermore, these benchmarks were developed under assumed exposure
patterns that are different from those expected to occur during and after development of the WRF
expansion site. Therefore, the critical concentrations used in evaluating the adequacy of the data
set were developed specifically for the WRF expansion project.

The critical concentration for each chemical is derived as the minimum concentration that
would result in a risk equal to a relevant cumulative risk action level. For example, potassium 40
contributes to the cumulative radionuclide cancer risk but not to the non-radionuclide cancer or
non-cancer risks. The threshold for cumulative radionuclide cancer risk is 3 x 10, and (as
shown in Table G-8) the concentration of potassium 40 that corresponds to this risk in the most
intensive exposure scenario is 358 pCi/g. Therefore, the action level for potassium 40 is 358
pCi/g. In the case of arsenic, which has both carcinogenic and non-carcinogenic toxicity, the
critical value is set to the lower of the two critical concentrations. The threshold for cumulative
non-radionuclide cancer risk is 1 x 10°®, and the concentration of arsenic that corresponds to this
risk for the most intensive exposure scenario is 9.8 mg/kg. The threshold for cumulative non-
cancer risk is a hazard index of one, and the concentration of arsenic that corresponds to this risk
for the most intensive exposure scenario is 261 mg/kg. Therefore, the critical concentration for
arsenic for the WRF expansion project is set at 9.8 mg/kg.

The critical concentrations for all of the chemicals included in the cumulative risk calculations
are shown in Table G-8. This table also lists the EPC values for each chemical and data grouping. The
ratios of the EPC:s to the critical values are multiplied by the assumed action levels to provide 95 percent
UCLs on the risk associated with each chemical and data grouping. With one exception, all of the 95
percent UCLs for the chemical-specific risks are lower than the cumulative risk action levels. The
exception is for arsenic in the SEA 0-1 EPC group, where the 95 percent UCL on carcinogenic risk is
1.01x 10, just one percent higher than the assumed action level.
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III. Evaluating the Adequacy of the Data Set

The adequacy of the data set is determined by the probabilities of errors that could occur
when the data are used to make decisions. The general decision rule proposed for the WRF
expansion project is “If the cumulative risk estimates for each of the potentially-exposed
populations are deemed acceptable by the risk manager, then no further action will be required
before proceeding with construction of the WRF expansion facility. If the risk estimates are not
deemed acceptable, the alternative actions that may be required include further investigation,
implementation of appropriate measures to protect the health and safety of potentially-exposed
populations, removal of some high-concentration materials, and selection of another site for the
WREF expansion.” The general decision rule is written with action levels expressed in terms of
risk, rather than in terms of concentration. This facilitates a decision based on cumulative risks,
rather than on the concentrations of individual chemicals, but complicates the evaluation of the
adequacy of the data set.

In this appendix, a quantitative evaluation of adequacy of the soils data set is performed
separately for each of the 14 chemicals that may contribute significantly to the cumulative risks.
Evaluating the adequacy of the data set for all 14 chemicals at once would require characterizing
the joint probability distributions of these constituents. This approach would be subject to
uncertainties that are not encountered when the evaluation is performed separately for each
important constituent. The adequacy of the ground water data is also considered separately. The
results of these evaluations should be considered together to evaluate the overall adequacy of the
data set to support the decision rule for cumulative risks.

The critical question addressed in this evaluation of adequacy is whether there is a
substantial probability of error resulting from use of the data set as a basis for risk management
decisions. A decision error would occur if the NDEP allowed construction of the WRF
expansion to proceed although the actual human health risks exceed levels considered acceptable
by the risk managers. This type of error may be referred to as a false acceptance error. As
shown in Table G-8, all but one of the conservative (95 percent UCL) estimates of the chemical-
specific risks are lower than the assumed action levels'.

The adequacy of the soils data set for each significant chemical is characterized in this
appendix by calculating the probability that the actual mean concentration for each EPC group
exceeds the critical concentration that corresponds to the assumed risk-based action levels.
Conceptually, the resulting exceedence probability may be viewed as an index of the chemical-
specific probability of a false acceptance decision error. The actual probability of a false
acceptance decision error for any specific chemical, however, is much lower than the calculated

' The exception is for arsenic in the SEA 0-1 EPC group.
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exceedence probability because the procedures used to derive the critical values are very
conservative. For this reason, the exceedence probabilities developed in this appendix should be
interpreted as conservative estimates of the likelihood of chemical-specific false acceptance
decision errors. The fact that most of the 14 significant chemicals in soil are present at levels
that are comparable to background should also be considered in evaluating the exceedence

probabilities.

A. Chemical-Specific Evaluations of the Adequacy of the Soils Data

The exceedence probabilities presented in Table G-9 quantify the adequacy of the soil
data set for each of the 14 significant chemicals. This table lists the probability (in percent) that
the actual mean concentration exceeds various percentages of the critical concentration for each
chemical and EPC data grouping. The critical concentrations correspond to the cumulative risk
action levels, and the mean concentration is the parameter of interest for the exposure patterns
considered in this risk assessment. Therefore, the probabilities in Table G-9 also represent the
likelihood that the risks associated with the individual chemicals exceed various percentages of
the cumulative risk action levels. The 14 chemicals are grouped in Table G-9 as carcinogens,
noncarcinogens, and radionuclides. Because arsenic has both carcinogenic and noncarcinogenic
toxicity, it appears in two columns based on different critical concentrations. As explained
above, the exceedence probabilities in Table G-9 should be viewed as conservative estimates of
the likelihood of chemical-specific false acceptance decision errors. These exceedence
probabilities are specific to the action levels assumed throughout this report.

The probabilities in Table G-9 establish that the likelihood of a false acceptance error is
very low for each of these 14 chemicals under the assumed action levels. Most of the
probabilities are reported as zero (meaning less than 0.05 percent, or 0.0005). The probabilities
of exceeding 10 percent of the critical concentration that are reported as greater than zero are all
associated with aluminum, arsenic (as a carcinogen only), manganese, perchlorate, and total
dioxins (TEQ). The probability that the mean concentration of arsenic exceeds 25 percent of the
critical value is nearly 100 percent for each data grouping, but the probabilities of exceeding 100
percent of the critical value are less than one percent for all of the EPC groups except SEA 0-1.
The worst-case probability that the actual mean arsenic concentration exceeds the critical value
is 4.6 percent. The exceedence probabilities for manganese exhibit a similar pattern with a
worst-case probability of 2.7 percent. Perchlorate and total dioxins (TEQ) are the only other
chemicals for which the probability of exceeding 50 percent of the critical value is greater than

one percent in any EPC group.
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The probabilities in Table G-9 were calculated using the student-t distribution under the
assumption that the distribution of the sample mean is approximately normal. As described in
the tabs at the end of this appendix, the sample data sets for most of the 14 significant chemicals
contain outliers and are not consistent with a normal distribution. Under these circumstances, the
probabilities in Table G-9 should be viewed as estimates rather than as exact values. Table G-8
provides a 95 percent UCL on the risk associated with each chemical. In cases where the data
are not consistent with a normal distribution, these UCLs were derived by bootstrapping, rather
than by using the student-t distribution. Except for arsenic in the SEA 0-1 EPC group, these
UCLs (which are expected to be unbiased) are all lower than the cumulative risk action levels.

These risk UCLs demonstrate that the probability that the actual mean concentration exceeds the
critical value is less than five percent for each chemical and EPC group except arsenic in the
SEA 0-1 group, where the risk UCL is very slightly (one percent) greater than the assumed
cumulative risk action level.

The results summarized in Table G-9 indicate that the probability of decision error due to data
inadequacy is very low (about 5 percent) when concluding that further action is not required on the basis
of any individual chemical. Because the procedures used to derive the critical values are very
conservative, the exceedence probabilities in Table G-9 are conservative estimates of the likelihood of
chemical-specific false acceptance decision errors. For this reason, ENVIRON believes that the soils
data set for each of the 14 chemicals is adequate.

B. Adequacy of the Soils Data Set for the Cumulative Decision Rule

The general decision rule proposed for the WRF expansion project is written with action
levels expressed in terms of cumulative risk. The possibility exists that some combination of
chemicals could pose cumulative risks that exceed one of the action levels even though the risks
from each individual chemical do not. The probabilities associated with combinations of
chemicals with concentrations high enough to generate cumulative risks greater than the assumed
action levels have not been calculated. If calculated, these probabilities would be based on a
combination of reasonable worst-case exposure patterns and combinations of mean
concentrations that are highly unlikely. Estimates of the exceedence probabilities for groups of
chemicals would be subject to sources of uncertainty related to possible correlations among the
chemicals, which cannot be reliably quantified. The results would be excessively conservative
and could be misinterpreted as unbiased estimates of the probability of a false acceptance
decision error.

The adequacy of the data set to support decisions based on cumulative risks can be
evaluated in general terms by considering the exceedence probabilities for individual chemicals
in Table G-9. There are two chemicals (arsenic and total dioxins) that contribute significantly to
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the cumulative cancer risk. The probabilities in Table G-9 suggest that a combined risk that
exceeds the assumed action level is most likely to occur for the SEA 0-1 EPC group. The
population comparisons (hypothesis tests) reported in Table G-5 indicate that the mean
concentrations of arsenic and dioxin in the soils represented by the SEA 0-1 data set are not
significantly higher than the mean background concentrations of these chemicals. Even if the
assumed action level of 1 x 10 were exceeded by an order of magnitude, which is extremely
unlikely, the cumulative cancer risk would be well within the acceptable risk range established in
the National Contingency Plan. Therefore, we believe the data set is adequate to support a
decision based on the cumulative cancer risk associated with chemicals in soil at the WRF
expansion site.

With respect to the cumulative noncancer risk, the action level could be exceeded by the
combination of risks associated with exposure to aluminum and manganese. These risks are
additive because aluminum and manganese both affect the central nervous system; the
noncarcinogenic effects of the other chemicals affect different target organs. A combination of
aluminum and manganese risks that exceeds the assumed action level (a target-organ-specific
hazard index of one) is most likely to occur for the SEA 0-1 EPC group. The population
comparisons (hypothesis tests) summarized in Table G-5 indicate that the mean concentrations of
manganese in the soils represented by the data for the EPC groups are not significantly greater
than the mean background concentration. The percentages in Table G-7 indicate that, although
the mean aluminum concentrations are higher than background, most of the aluminum is
attributable to background conditions. In light of the conservative assumptions made in the risk
assessment, we believe the data set is adequate to support a decision based on the cumulative
noncancer risk associated with chemicals in soil at the WRF expansion site.

Although the cumulative action level for radiological risk could be exceeded by the
combined risks associated with the seven significant radionuclides, the probabilities in Table G-9
suggest that this is very unlikely. The probability that any one of the radionuclide concentrations
exceeds even 10 percent of its critical value is essentially zero. In addition, only a few of the
mean radionuclide activities are significantly greater than background. On this basis, we believe
the data set is adequate to support a decision based on the cumulative radiological cancer risk
associated with soils at the WRF expansion site.

C. Adequacy of the Ground Water Data

The adequacy of the ground water data is discussed in this section, but cannot be
evaluated by the quantitative process applied to the soils data set. The number of measurements
used in estimating the risks associated with exposure to ground water is very small, and only a
few chemicals contribute significantly to the ground water risks. Also, it is not appropriate to
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treat the available ground water data as independent observations of current and future
conditions throughout the WRF expansion site.

The risk tables in Appendix M and Appendix O indicate that the greatest risks associated
with ground water exposure are due to ingestion by construction workers. These risks are
represented by hazard index values that exceed the assumed action level of one, primarily due to
perchlorate in the ground water. As explained in section VII.C of the report, these risks can be
addressed by the use of appropriate personal protective equipment during dewatering activities.
Because this will prevent the potential exposure, uncertainty regarding the concentration of
perchlorate in ground water should not determine whether construction of the WRF expansion
can proceed. In this sense, the perchlorate ground water data set is adequate.

All of the other risks associated with ground water are lower than the assumed action
levels. The only other ground water risks that approach the action levels are due to inhalation of
vapors from carbon tetrachloride and chloroform. The estimated cancer risks associated with
exposure to vapors are as high as 8 x 107 for NEA indoor workers under RME assumptions.
This worst-case risk estimate is based on a hypothetical case that may never occur; at present,
there are no plans for development of the NEA. The estimates of vapor exposure were derived
using very conservative, screening-level vapor transport and dispersion models. The actual
exposure levels are expected to be much lower than these estimates. Although the estimates of
the risks associated with inhalation of vapors are extremely conservative, they are still below the
lower end of the range of acceptable cancer risks established in the National Contingency Plan.

Ground water concentrations are expected to vary both temporally and spatially, so the
actual ground water concentrations to which individual may be exposed cannot be determined
with certainty. The estimates of the risks associated with inhalation of vapors are based on very
few observations. As explained in section X.A.2 of the report, the exposure point concentrations
used in assessing the risks from exposure to ground water are the maximum concentrations
detected in ground water wells located on or near the site in May 2001. The chloroform and
carbon tetrachloride measurements collected in May 2001 are generally consistent with the
historical data obtained from wells on and immediately upgradient of the WRF expansion site,
but may not be representative of long-term conditions throughout the site.

At present, the adequacy of the ground water data set cannot be evaluated quantitatively.
Due to the degree of conservatism of other elements of the process used to assess the risks
associated with exposure to vapors emanating from ground water, it is unlikely that these risks
have been underestimated. Therefore, ENVIRON believes that the lack of ground water data
should not prevent construction of the WRF expansion project. Further investigations of ground
water conditions will be conducted on a regional basis, resulting in a larger data set and a better
understanding of the temporal and spatial variation that can be expected.
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IV. Conclusion

In light of the preceding discussion, ENVIRON believes that the data set is adequate to support
the general decision rule. The highest exceedence probability for any individual chemical in soil is
about five percent. This exceedence probability is calculated for arsenic in the surface soils at the
southern exposure area; the mean arsenic concentration in this group is not significantly greater than
background. Because the exceedence probabilities are based on RME exposure patterns, the actual
decision error probabilities are expected to be considerably lower. The worst-case (5 percent)
probability relates to a carcinogenic risk action level of 1 x 107, which is the lower end of the range of
acceptable risk established in the National Contingency Plan. If the NDEP decides that no further action
is required before proceeding with construction of the WRF expansion project, the probability that
construction workers will be exposed to chemicals in soils at levels that generate unacceptable risks is
very small.

The probability of a decision error is very high if the NDEP decides that the risks at the site are
too high to allow the City of Henderson to proceed with the WRF expansion project. The consequences
of this error would be the unnecessary delays and expenditures associated with additional sampling,
analysis, and possibly remediation before construction is allowed to begin. In addition to the severe
financial consequences for the City of Henderson, a delay in expanding the capacity of the WRF could
also have negative effects on the health of the environment and the entire community served by this

municipal utility.
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STATISTICAL ANALYSES
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