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1.0 Introduction

This report presents a summary of a baseline human health risk assessment (BHHRA) for RSA-
50 at Redstone Arsenal (RSA), Madison County, Alabama. This BHHRA was performed as part
of a remedial investigation (RI) initiated by the U.S. Army under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). The BHHRA provides
an éSﬁinaté of poténiial current and future human health risk associated with hazardous substance
releases at this site. The purpose of this report is to summarize the essential elements of a
BHHRA for this site to support a complete technical review and risk management decisions.
This site is part of Operable Unit (OU)-17 (Figure 1-1); therefore, this report will eventually be
incorporated into the RI report for OU-17. The results of the BHHRA support the overall ‘
characterization of the site and serves as part of the baseline used to develop, evaluate, and select

appropriate remedial alternatives.

This BHHRA was conducted in accordance with the installation-wide work plan (WP) (IT
Corporation [IT], 1997) and the revisions based on response to regulator comments on the WP.
The WP was based on U.S. Environmental Protection Agency (EPA) guidance including, but not
limited, to the following:

* EPA, 1995, Supplemental Guidance to RAGS: Region 4 Bulletins, Region 4, Office
of Health Assessment, Waste Management Division, November, 1995.

» EPA, 1989a, Risk Assessment Guidance for Superfund, Volume I, Human Health
Evaluation Manual (Part A), Interim Final, Office of Emergency and Remedial
Response, Washington, DC, EPA/540/1-89/002.

» EPA, 1992a, Supplemental Guidance to RAGS: Calculating the Concentration
Term, Interim Final, Office of Emergency and Remedial Response, Washington,
DC, Publication 9285.7-081.

Site History. RSA is divided into 18 OUs. Four primary delineation criteria used to define
these OUs were: watersheds, critical and sensitive ecological habitats, soil types, and land use
patterns. Major watershed boundaries provided the initial delineation of the OUs at RSA.
Within these boundaries, additional OUs were established to accommodate critical and sensitive
ecological habitats. Different soil types support distinctive vegetation patterns and, where
definitive, additional OUs were established to reflect these patterns and to facilitate evaluation of

potential contaminant impacts on these areas. Locations with high human activity can impact

KN/4047/TXT/06-25-99(10:48 AM) 1
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ecological receptors; this played a role in the further refinement of OUs into the current grouping
of 18. RSA-50 falls within OU-17, which also includes RSA-51/51S and RSA-63.

RSA-50, formerly known as Area H, was used for the demilitarization of high explosives, white
phosphorus, and mustard gas during the 1940s and 1950s. The area is currently an active test
range but has been used for cattle grazing in the past. This area is not easily accessible to the

public because it is in a remote and restricted area of the arsenal.

2.0 Selection of Chemicals of Potential Concern

This chapter presents the selection of chemicals of potential concern (COPC) for all media at
RSA-50. COPC selection is the first step in a BHHRA. This COPC selection portion of the
BHHRA was conducted in accordance with the WP (IT, 1997) and the revisions based on

response to regulatory agency comments on the WP.

2.1 Data Sources and Usability

The purpose of this section is to describe the sources of data and to evaluate the acceptability of
the analytical data to be used in the quantitative risk assessment (EPA, 1989a). Data collected
during the site characterization, (P. E. LaMoreaux and Associates, Inc. [PELA], 1988) and during
the supplemental investigation (Rust Environment and Infrastructure, Inc. [Rust], 1997) were
evaluated for use in the risk assessment.

Definitions for the various data validation qualifiers are provided in Section 5.1 of the WP (T,
1997). "J" qualified data are used in the risk assessment; “R” qualified data are not. Data with
“B” laboratory qualifiers were not used in this risk assessment. The handling of “U” qualified

data (nondetects) in the COPC selection is described in Section 2.3 of this BHHRA.

2.1.1 Site-Related Data

Soil and limited groundwater from the RI report (Rust, 1998), and additional groundwater
samples from the site characterization (PELA, 1988) were used in this BHHRA. Site-specific
samples used are summarized in Table 2-1. The RI data consist of 10 soil borings (Figure 1-1),
with two samples at each boring, and groundwater samples were collected from borings 05004-
HP, 05005-HP, and 05010-HP and from wells RS-115, RS-116, RS-117, and RS-118 (Figure 1-
1). The samples from borings 05004-HP, 05005-HP, and 05010-HP are typically considered

screening level data and, as such, were examined but not included in this risk assessment (see

KN/4047/TXT/06-25-99(10:48 AM) 2



Table 2-1

Sampling Summary for RSA-50, Site No. 50
Redstone Arsenal, Madison County, Alabama

RSA-50 OU17 Area H Unit3

Location Samp # Date  Depth Analyses Investigation
Surface Soil
05001-SB 05001-SB-01  8/8/96 1 Chem Agents, Explosives, Thiodiglycol Rust, 1997
05002-SB 05002-SB-01  8/1/96 1 Chem Agents, Explosives, Thiodiglycol Rust, 1997
05003-SB 05003-SB-01  8/8/96 1 Chem Agents, Explosives, Thiodiglycol, Metals, Pest, SVOC, VOC Rust, 1997
05004-HP 05004-SB-01  8/1/96 1 Chem Agents, Explosives, Thiodiglycol Rust, 1997
05005-HP 05005-SB-01 8/2/96 1 Chem Agents, Explosives, Thiodiglycol, Metals, Pest, SVOC, VOC Rust, 1997
05006-SB 05006-SB-01  8/5/96 1 Chem Agents, Explosives, Thiodiglycol Rust, 1997
05007-SB 05007-SB-01  8/9/96 1 Chem Agents, Explosives, Thiodiglycol Rust, 1997
05008-SB 05008-SB-01  8/7/96 1 Chem Agents, Explosives, Thiodiglycol Rust, 1997
05009-SB 05009-SB-01 8/6/96 1 Chem Agents, Explosives, Thiodiglycol, Metals, Pest, SVOC, VOC Rust, 1997
05010-HP 05010-SB-01 8/6/96 1 Chem Agents, Explosives, Thiodiglycol Rust, 1997
Deep Soil
05001-SB 05001-SB-14  8/8/96 14 Chem Agents, Explosives, Thiodiglycol Rust, 1997
05002-SB 05002-SB-16  8/1/96 16  Chem Agents, Explosives, Thicdiglycol, Metals, Pest, SVOC, VOC Rust, 1997
05003-SB 05003-SB-16  8/9/96 16  Chem Agents, Explosives, Thiodiglycol Rust, 1997
05004-HP 05004-SB-16  8/2/96 16  Chem Agents, Explosives, Thiodiglycol, Metals, Pest, SVOC, VOC Rust, 1997
05005-HP 05005-SB-16  8/2/96 16  Chem Agents, Explosives, Thiodiglycol Rust, 1997
05006-SB 05006-SB-16  8/5/96 16  Chem Agents, Explosives, Thiodiglycol Rust, 1997
05007-SB 05007-SB-16  8/9/9% 16  Chem Agents, Explosives, Thiodiglycol Rust, 1997
05008-SB 05008-SB-16  8/7/96 16  Chem Agents, Explosives, Thiodiglycol Rust, 1997
05009-SB 05009-SB-16  8/6/96 16  Chem Agents, Explosives, Thiodiglycol Rust, 1997
05010-HP 05010-SB-16  8/6/96 16  Chem Agents, Explosives, Thiodiglycol Rust, 1997
Groundwater
05004-HP * 05004-HP 8/2/96 " Chem Agents, Explosives, Thiodiglycol, Metals, Pest/PCBs, SVOC, VOC, Cyanide, White Phosphorus  Rust, 1997
05005-HP * 05005-HP 8/6/96 Chem Agents, Explosives, Thiodiglycol, White Phosphorus Rust, 1997
05010-HP * 05010-HP 8/7/96 Chem Agents, Explosives, Thiodiglycol, Metals, Pest/PCBs, SVOC, VOC, Cyanide, White Phosphorus  Rust, 1997
S850-RS115 050115-MW  8/20/96 Chem Agents, Explosives, Thiodiglycol, White Phosphorus Rust, 1997
S50-RS116 050116-MW  8/20/96 Chem Agents, Explosives, Thiodiglycol, White Phosphorus Rust, 1997
S§50-RS117 050117-MW  8/21/96 Chem Agents, Explosives, Thiodiglycol, White Phosphorus Rust, 1997
S50-RS118 050118-MW  8/20/96 Chem Agents, Explosives, Thiodiglycol, White Phosphorus Rust, 1997
S50-RS115 RS115-88FEB 12-Feb-88 Explosives, Thiodiglycol, White Phosphorus - PELA, 1988
S50-RS116 RS116-88FEB 12-Feb-88 Explosives, Thiodiglycol, White Phosphorus PELA, 1988
S50-RS117 RS117-88FEB 12-Feb-88 Explosives, Thiodiglycol, White Phosphorus PELA, 1988
© S50-RS118 RS118-88FEB  12-Feb-88 Explosives, Thiodiglycol, White Phosphorus PELA, 1988

*Hydropunch groundwater samples were not used in the baseline risk assessment.

KN/4047/ }xhﬂl 2-1/6125/99 (1:59 PM) : ) )



Section 2.5). During the site characterization (PELA, 1988), additional groundwater samples
were collected from wells RS-115, RS-116, RS-117, and RS-118. .

2.1.2 Background Data

Background data for surface and subsurface soil were based on the RSA installation-wide
background study (IT, 1998). Groundwater background was based on a background study
conducted previously at MSFC (CH2M Hill, 1997). |

The statistical summaries for each medium of concern at the site were used to obtain the value

representing two times the mean background concentration.

2.2 Selection of COPC

This process includes evaluating the sample collection and analytical methods used, evaluating
the quality of the data, and comparing the concentrations to EPA (1998) risk-based criteria and to
background concentrations. The process will identify those chemicals potentially harmful to
human health if present at the site, and those that are likely to be naturally occurring. Once the
data set was complete, summary statistics on site and background analytical data sets were

compiled and source-term concentrations for all chemicals were estimated.

Selection Criteria. The selection criteria for chemicals to be retained as COPC, as recom-
mended by EPA (1989a), include:

e Frequency of Detection. Chemicals were eliminated if they were detected

infrequently (5 percent or lower frequency of detection), providing there was no
- evidence that infrequent detection reflected a “hot spot” location. Chemicals that

are detected infrequently may be artifacts in the data that may not reflect site-
related activity or disposal practices. As such, these chemicals should not be
included in the risk assessment. Generally, chemicals that are detected only at low
concentrations in less than 5 percent of the samples from a given medium are
dropped from further consideration, unless their presence is expected based on
historical information about the site. Chemicals detected infrequently at high
concentrations may identify the existence of “hot spots” and were retained in the
evaluation, unless other information exists to suggest that their presence was
unlikely to be related to site activities.

» Background. Chemical concentrations were compared to background concen-
trations as an indication of whether a chemical is present from site-related activity
or as background. This comparison is generally valid for inorganic chemicals, but
not usually for organic chemicals, because inorganic chemicals are naturally occur-

KN/4047/TXT/06-25-99(10:48 AM) 3



ring and most organic chemicals are not. For RSA-50, background was evaluated
for inorganic chemicals only. It was assumed that background anthropogenic
organic compounds were not applicable to RSA-50. In accordance with EPA
Region IV guidance for background screening, maximum detected concentrations
(MDC) were compared with two times the mean background concentration;
chemicals with concentrations less than the background screen were eliminated
from further consideration. If the MDC exceeded two times background, the
chemical was retained as a COPC. If the MDC exceeded background marginally,
further statistical testing was performed to compare the site with background data.

e Risk-Based Screening. A risk-based screening step for human health was
introduced early in the COPC selection process to focus the assessment on the
chemicals that may contribute significantly to overall risk. In this step, concentra-
tions were compared with very conservative levels derived for standard exposure
scenarios. Chemicals whose concentrations were below the risk-based screening
concentration (RBSC) were not considered further in the risk assessment because it
was very unlikely that they would cause significant risk. RBSCs for soil, sediment,
and groundwater consisted of EPA (1998) Region III risk-based concentrations
(RBC) adjusted, if necessary, to reflect an incremental lifetime cancer risk (ILCR)
of 1 x 10° and a hazard index (HI) of 0.1. One-tenth of the RBSC value was used
as a conservative screening criteria for hazard because the initial screening process
was not intended to account for additivity between chemicals and/or pathways.

Soil contaminant concentrations were compared with “residential soil” RBSCs, and
groundwater contaminant concentrations were compared with “tap water” RBSCs.
Surface water concentrations were compared with federal ambient water quality
criteria for human health based on ingestion of drinking water and aquatic
organisms (EPA, 1992b). For chemicals with unpublished ambient water quality
criteria, the residential tap water RBSCs were used in the risk screen because they
are considered sufficiently conservative.

e Nutrients. Essential nutrients (i.e., calcium, chloride, iodine, magnesium,
phosphorus, potassium, and sodium) were eliminated as COPC. Their presence in a
particular medium was judged to be unlikely to cause adverse effects on human
health. Although iron does have a screening value, the reference dose (RfD) for
iron is not considered appropriate by EPA Region IV. The RfD was based on

~ inadvertent iron consumption via beer that was brewed in iron vessels. Therefore,
if iron is selected as a COPC, it’s risk assessment is performed in the uncertainty
section.

¢ Chemical Specificity. Analytical results that were not specific for a particular
compound were excluded from further consideration, unless toxicity values were
located that sufficiently reflected the toxicity of the constituent. Chemicals not
eliminated in the COPC selection will be retained for further analysis in a BHHRA.

KN/4047/TXT/06-25-99(10:48 AM) 4



2.3 Summary Statistics of Site-Related Data

The statistical methods used in data evaluation are discussed in this section, and reflect EPA
headquarters guidance (EPA, 1989a). The summary statistics on site-related surface soil,
subsurface soil, and groundwater data are listed in Tables 2-2 and 2-3, with the summary of
COPC selected presented in Table 2-4. For each set of data used to describe the concentration of

chemicals in a medium, the following information was tabulated:

Chemical name

Frequency of detection

Range of detected concentrations

Range of detection limits

Statistical distribution

Arithmetic mean

95 percent upper confidence level (UCL) on the mean of the concentration
Two times the arithmetic mean of background concentrations
Appropriate RBSCs

Selection as COPC

Source-term concentration.

Footnotes in the tables provide the rationale for selection or rejection of the chemical as a COPC.

Because of the uncertainty associated with characterizing contamination in environmental media,
the UCL on the mean was estimated for each chemical in each medium of interest. In general,
“outliers” were included in the calculation of the UCL because high values in site-related data are

seldom outliers. Inclusion of outliers increased the overall conservatism of the risk estimate.

Data sets are tested for normality and lognormality based on the Shapiro-Wilks test (EPA,
1992c). Statistical analysis is performed only on those chemicals whose MDCs exceed their
RBSCs. If statistical tests support the assumption that the data set is normally distributed, the
UCL for a normal distribution is calculated. If the statistical analysis shows the data to be
lognormally distributed, the UCL is calculated for a lognormal distribution. If the data fit both
normal and lognormal distributions, the UCL is calculated for the distribution that gives the
better fit. Equations 5.1 through 5.3 in the WP (IT, 1997) describe this calculation process.

Analytical results were presented as “nondetects” ("U" qualifier) whenever chemical concentra-
tions in samples did not exceed the detection or quantitation limits for the analytical procedures
for those samples. Generally, the detection limit is the lowest concentration of a chemical that

can be "seen" above the normal, random noise of an analytical instrument or method. To apply

KN/4047/TXT/06-25-99(10:48 AM) 5



Table 2-2

Selection of Chemicals of Potential Concern, Surface Soil*,Site No. 50
Redstone Arsenal, Madison County, Alabama

Range of values, mgkg Background Risk-Based Source Term
Detection Detected Conc Detection Limits Statistical Mean 95% UCL  Screening Criterion  Screening Criterion Concentration
Chemical Frequency Minimum  Maximum Minimum Maximum Distribution ® mg/kg mg/kg ¢ mg/kg ¢ mgrkg © COPC? ™9 mg/kg "
INORGANICS
Aluminum 3/3 17900 - 22500 ND ND u 1.95E+04 27000 7800 N (a) -
Arsenic 3/3 44 - 697 ND ND U 6.07E+00 9.47 0.43 N (a) ---
Barium 1/1 152 - 152 ND ND U 1.52E+02 294 550 N (a)
Beryllium 3/3 0.25 - 09 ND ND U 5.27E-01 1.57 16 N (a)
Cadmium 3/3 024 - 0.34 ND ND U 5.67E-01 0.76 78 N(0) -~
Chromium (V1) 3/3 28.7 - 432 ND ND U 3.71E+01 57.8 23 N (a)
Cobalt 3/3 851 - 19.7 ND ND V) 1.24E+01 23 470 N (a) -
Copper 3/3 5.89 - 9.44 ND ND U 7.71E+00 19.5 310 N (a) —
Lead 313 248 - 417 ND ND U 3.40E+01 451 400 N (a) -
Manganese 3/3 238 - 2290 ND ND [§) 1.02E+03 3360 160 N (a) -
Mercury 2/3 0.1 - 018 0.09 0.09 U 1.08E-01 0.108 23 N (c) —
Nickel 3/3 146 - 19.2 ND ND u 1.63E+01 1943 160 N (a) -
Selenium 3/3 0.11 - 0.53 ND ND U 2.90E-01 0.76 3s N (a) -
Thallium 3/3 0.23 - 046 ND ND U 3.37E-01 0.55 N (c) -
Vanadium 313 498 - 638 ND ND U 5.62E+01 70.6 55 N (a) -
Zinc 3/3 37.8 - 496 ND ND u 4.53E+01 110 2300 N (a) -
PESTICIDES/PCBSs : :
beta-BHC 1/3 0.0041 - 0.0041 0.0017  0.0034 U 2.22E-03 0.35 N (c) e
VOLATILE ORGANICS
2-Hexanone 3/3 0.01 - 0.01 ND ND U 1.00E-02 310 N (c) ---
Acetone 2/3 099 - 1.6 0.02 0.02 V) 8.67E-01 780 N (c)

* Surface soil is defined as the interval less than or equal to 1 foot below the ground surface. Soil samples were classified on the basis of the end depth of the sample. Table includes
analytes detected in >5% of samples.
b Statistical Distribution: N = Normal distribution; L = Lognormal distribution; NP = Nonparametric distribution for data sets with greater than 50% detects if data set fails normal
and lognormal; U = Distribution not determined if sample size is 4 or less, or if maximum concentration < background or screening criteria.
€ 95% Upper confidence limit calculated for chemicals with maximum detected concentrations greater than screening criteria.
4 Background criteria for inorganic constituents are based on 2 times the mean concentration of the background data set (IT, 1998, Installation Wide Background Soil Study Report).
© Based on Region Il risk-based concentrations (RBCs) for residential soil ingestion, adjusted, if necessary to reflect an incremental lifetime cancer risk of 1E-6 and a hazard
index of 0.1 (EPA, 1998, Risk-Based Concentration Table, 1 October, EPA Region 11\, Philadelphia, PA, on-line).
" Rationale for exclusion of chemical as a contaminant of potential concern (COPC):
(a) = within background concentration.
(b) = detection frequency less than 5%.
(c) = maximum detection is less than screening criteria.
(d) = essential nutrient,
% N = Chemical is not chosen as a COPC; Y = Chemical is chosen as COPC,
" Concentration used in risk assessment equal to 85% UCL or maximum value, if maximum value is less than UCL or if no UCL is calculated.
i Based on RBC for cadmium-food.
I screening criteria for lead based on the residential soil screening value of 400 mg/kg (EPA, 1994, "Guidance on Residential Lead-Based Paint, l.ead-Contaminated Dust,
and Lead-Contaminated Soil,” Memorandum from Lynn R. Goldman, Assistant Administrator, to EPA Regional Directors, dated July 14).
* Based on RBC for manganese-nonfood.
! Based on RBC for mercuric chloride,
ND = No data.
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Table 2-3

Selection of Chemicals of Potential Concern, Subsurface Soil?, Site No. 50
Redstone Arsenal, Madison County, Alabama

Range of values, mg/kg Background Risk-Based Source Term
Detection Detected Conc Detection Limits Statistical Mean 95% UCL Screening Criterion Screening Criterion Concentration
Chemical Frequency Minimum  Maximum Minimum Maximum Distribution ® mg/kg mglkg © mglkg ¢ mgrkg ° copc? " mg/kg "

INORGANICS

Aluminum 2/2 20700 - 20800 ND ND u 20750 30802 7800 N (a) -
Arsenic 21/2 387 - 653 ND ND u 52 125 043 N (a) -
Barium 111 133 - 133 ND ND y 133 171 550 N (a) -
Beryllium 2/2 032 - 1.15 ND ND u 0.735 1.45 16 N (a) -
Cadmium 2/2 025 - 299 ND ND U 1.62 1.07 78 ' N (c) -
Chromium (V1) 2/2 55.7 - 779 ND ND u 66.8 110.867 23 N (a) -
Cobalt 21/2 531 - 136 ND ND U 70.655 217 470 N (¢} -
Copper o212 8.85 - 216 ND ND V) 15.225 19.7 310 N.{c) -
Lead 2/2 236 - 61.8 ND ND u 427 339 400 ! N (c) -—
Manganese 272 325 - 4196 ND ND u 22625 1863.707 160 k N(d) -
Mercury 172 0.19 - 0.19 0.1 0.1 U 0.12 0.08 23 ! N (c) -—
Nickel 21/2 182 - 93 ND ND U 556 20.41 160 N (c) ---
Selenium 2/2 0.12 - 0.17 ND ND U 0.145 1.169 39 N (a) -
Silver 172 08 -038 0.24 0.24 U 0.46 1.65 39 N (a) -
Thallium - 2/2 037 - 062 ND ND U 0.495 0.55 Y 0.62
Vanadium 2/2 774 - 86.7 ND ND u 82.05 121.313 55 N (a) --
2Zinc 21/2 50.9 - 220 ND ND U 135.45 145.16 2300 N (c) -—
VOLATILE ORGANICS

2-Hexanone 1/2 0.01 - 0.01 0.0032 0.0032 u 0.0058 310 N (c)

* Subsurface soil is defined as the interval greater than 1 foot and less than 16 feet below the ground surface. Soil samples were classified on the basis of the end depth of the sample. Table includes
analytes detected in >6% of samples.
® Statistical Distribution: N = Normal distribution; L = Lognormal distribution; NP = Nonparametric distribution for data sets with greater than 50% detects if data set fails normal
and lognormal; U = Distribution not determined if sample size is 4 or less, or if maximum concentration < background or screening criteria.
€ 95% Upper confidence limit calculated for chericals with maximum detecled concentrations greater than screening criteria.
9 Background criteria for inorganic constituents are based on 2 times the mean concentration of the background data set (IT, 1998, Instaltation Wide Background Soil Study Report).
* Based on Region Il risk-based concentrations (RBCs) for residential soil ingestion, adjusted, if necessary to reflect an incremental lifetime cancer risk of 1€-6 and a hazard
index of 0.1 (EPA, 1998, Risk-Based Concentration Table, 1 October, EPA Region llI, Philadelphia, PA, on-line).
f Rationale for exclusion of chemical as a contaminant of potential concern (COPC):
(a) = within background concentration.
(b) = detection frequency less than 5%.
(c) = maximum detection is less than screening criteria.
(d) = less than background 95 percent upper tolerance limit (See Section 2.0).
9 N = Chemical is not chosen as a COPC; Y = Chemical is chosen as COPC.,
" Concentration used in risk assessment equal to 95% UCL or maximum value, if maximum value is less than UCL or if no UCL is calculated.
! Based on RBC for cadmium-food.
I Screening criteria for lead based on the residential soil screening value of 400 mg/kg (EPA, 1994, "Guidance on Residential Lead-Based Paint, Lead-Contaminated Dust,
and Lead-Contaminated Soil,” Memorandum from Lynn R. Goldman, Assistant Administrator, to EPA Regional Directors, dated July 14).
¥ Based on RBC for manganese-nonfood.
' Based on RBC for mercuric chloride.
ND = No data.
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Table 2-4

Summary and Source-Term Concentrations of Selected Chemicals of Potential Concern, Site No. 50
Redstone Arsenal, Madison County, Alabama

Surface Soil Subsurface Soil Residuum Groundwater
Chemical ma/kg mg/kg Hg/L
Inorganics
Thallium ——a- 6.20E-01 ————

KN/4047/50_sum_t/Tbl 2-4/6/25/99/ (6:46 AM)

) | )




the previously mentioned statistical procedures to a data set with nondetects, a concentration
value must be assigned to nondetects. Nondetects were assumed to be present at one-half the
sample quantitation limit (SQL) (EPA, 1989a).

The UCL or the MDC, whichever was smaller, was selected as the source-term concentration,
and is understood to represent a conservative estimate of average for use in the risk assessment or
in various transport models used to estimate exposure-point concentrations.

2.4 COPC in Soil

Surface and subsurface soil are considered separately with respect to potential exposure. Surface
soils include samples from O to 1 foot in depth whereas subsurface soils include those samples
from 1 to 10 feet in depth.

2.4.1 Surface Soil
Summary statistics for chemicals detected in subsurface soil samples are presented in Table 2-2.
No COPC were selected in surface soil.

2.4.2 Subsurface Soil

Summary statistics for chemicals detected in subsurface soil samples are presented in Table 2-3.
It can be seen from Table 2-3 that the MDC for manganese (4,196 milligrams per kilogram
[mg/kg]) is greater than two times the mean background concentration (1,864 mg/kg). Closer
examination of the background data set (IT, 1997) shows that the background MDC for
manganese (4,550 mg/kg) in subsurface soil is greater than the MDC for manganese detected at
RSA-50 (4,196 mg/kg). Based on this observation, manganese is considered to be within
background range and is not selected as a COPC.

From Table 2-3, it can also be seen that the maximum concentration of thallium (0.62 mg/kg) in
subsurface soil slightly exceeds the RBC value of 0.55 mg/kg. Because no thallium was detected
in background samples, thallium was selected as a COPC in subsurface soil.

2.5 COPC in Groundwater

Groundwater samples collected from RS-115, RS-116, RS-117, and RS-118 were analyzed for
explosives, thiodiglycol, white phosphorus, and chemical agents; none were detected.
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Groundwater samples from boreholes 05004-HP and 05010-HP were analyzed for these
substances and for volatile organic compounds, semivolatile organic compounds, cyanide,
pesticides/PCBs, and target analyte list metals. The groundwater sample collected from borehole
05005-HP was analyzed for chemical agents, explosives, thiodiglycol, and white phosphorus.
Samples collected from open boreholes are useful to determine the presence or absence of
contamination but are not used in a BHHRA because the results, particularly for metals, tend to
indicate higher concentrations that are actually dissolved in groundwater. In this case, only
metals were detected in the samples from the boreholes and, at the concentrations reported, these
metals would still result in an HI that is less than the acceptable threshold value of one (HI=1).

Consequently, COPC were selected for groundwater.

Although not ideally located to detect groundwater contamination associated with site activity,
groundwater monitoring wells RS-115, RS-117, and RS-118 do indicate the current lack of any
wide-spread groundwater contamination on the site. RS-116 is positioned roughly downgradient
of the principal demilitarization area and should indicate the presence of any substantial
groundwater plume moving away from that point. If groundwater contamination resulting from
site activities were present, the groundwater samples collected from boreholes 05005-HP and
05010-HP should have indicated the presence contamination even though the concentrations
reported might be suspect. Given the site history, the lack of site-related COPC in surface or
subsurface soil, the lack of contamination in any groundwater samples collected from the site,
and the remote location of the site, it is unlikely that unacceptable groundwater contamination is
present at RSA-50.

3.0 Estimation of ILCRs and HIs Based on Region Ill RBCs_—

Because thallium was the only COPC to be considered and this chemical was present at relatively
low concentrations, a screening-level risk assessment was performed for RSA-50 to determine if
a complete BHHRA would be required. This screening assessment was conducted using
assessment values associated with a residential scenario rather than the industrial scenario that
would be used in a complete BHHRA. This screening approach is substantially more
conservative that a BHHRA and chemicals that are screened out with his procedure would

produce an unacceptable risk if evaluated in a traditional BHHRA.
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3.1 Methodology
Screening level ILCRs and HIs selected can be estimated by inverting the remedial goal option
equations provided in EPA (1995) to solve for ILCRs as follows:

ST copc X CRRBSC

ILCReope =
RBCcopc
where:
RBSC,,. = residential RBSC for a given COPC for a source medium at a cancer
risk of 1 x 10
STeope = source-term concentration of the COPC in the given medium
CR = cancer risk associated with the RBSC (1 x 10°)
ILCR,,, = total ILCR for a given COPC for residential scenario.
HIs are similarly determined by:
HIcopc = STcopc X THIRBSC
RBCcopc
where:
RBSC,,, = residential RBSC for a given COPC and source medium, based on a
target hazard index of 0.1 v
STeope = source-term concentration of the COPC in the given medium
THIggsc = target hazard index associated with the RBSC (=0.1)
HI,. = total HI for a given COPC and source medium for residential
scenario.

3.2 Results
Because thallium is not carcinogenic, no ILCR can be calculated.

Based on Equation 3.2, a maximum source-term thallium concentration of 0.62 mg/kg and an
RBSC of 0.55 mg/kg, a site-HI was computed for thallium in subsurface soil. The site HI for this
chemical for a residential receptor is 0.11, a value that is less than the threshold value of 1 and
considered to be acceptable to EPA (1986).

Additionally, the total site-HI, the sum of the HIs for each of the individual chemicals, is also
0.11.
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4.0 Conclusions

The COPC selection process was applied to chemicals present in samples collected for surface
soil, subsurface soil, and groundwater at RSA-50. Background concentrations and residential
RBSCs were used to perform the COPC screen. The COPC selected at this site and their

respective source-term concentrations are presented in Table 2-4.

| Screening of surface soil and groundwater revealed no COPC. In subsurface soil, only thallium
was selected as a COPC. No analytes associated with previous site activities (e.g., explosives
thiodiglycol) were detected in RSA-50 media. A screening level residential risk assessment,
based on Region Il RBCs, was performed for thallium. The risks and hazards from the COPC
were within acceptable limits. It is considered unnecessary to perform a baseline risk
assessment as outlined in the WP (IT, 1997) because the risks and hazards in these screening
level estimates are significantly more conservative than all other proposed receptors (IT, 1997).
Therefore, it can be concluded that contaminants at RSA-50 do not pose an unacceptable risk or

hazard to human health.
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Response to U.S. Army Center for Health
Promeotion and Preventive Medicine Comments on
Draft Summary Human Health Risk Assessment
for RSA-50, Operable Unit 17

" Redstone Arsenal, Alabama, December 1998

Comments of C. Weese, M.D. and M. Johnson, Ph.D., dated February 10, 1999 (received

2/16/99).

Comment 1:

Response 1:

Comment 2:

Response 2:

Section 2, Table 2-1, C. Weese. A number of very specific site-related
compounds were sampled for and analyzed. These include chemical
agents, explosives, and thiodyglycol. Subsequent tables do not address
the basis for eliminating these compounds as COPCs.

Recommendation: Please clarify.

An initial screening step of the COPC selection is the frequency of detection.
Explosives, thiodiglycol, and “chemical agents” were not detected in any of
the samples and were, therefore, eliminated during the COPC screening
process. COPC tables will be footnoted to indicate that nondetected analytes
are not included. A statement will be added to Section 4.0 (Conclusions) that
these compounds associated with past practices at RSA-50 were not detected
at the site.

Figure 2-2, M. Johnson, Decision Flow for Selection of Potential
Contaminants of Concern. Why does Region IV require a 2x background
comparison? What is the significance of doubling a 95 percent UCL of
the mean? Further, the first and third diamonds appear to be identical
(i.e., testing the statistical probability that substance detection is not due
to Type I error).

Recommendation: Please clarify why a doubling of an upper bound
confidence level is required, not sufficient in itself for comparison
purposes to background and either clarify or remove one of the two
diamonds in question.

There is no Figure 2-2 in the risk assessment for RSA-50, and we will address
this comment with respect to RSA-67. However, we address here the other
issues concerning the COPC screening of background concentrations of
inorganic constituents.

Region IV recognizes that the practice of collecting background and site data
sets that are substantially large to perform statistically appropriate
comparisons is not always feasible. Therefore, Region IV has taken the
approach of using twice the mean concentration of the site-specific
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Response to U.S. Army Center for Health
Promotion and Preventive Medicine Comments on
Draft Summary Human Health Risk Assessment
for RSA-50, Operable Unit 17
Redstone Arsenal, Alabama, December 1998

Comment 3:

Response 3:

background data set as a means of screening out site background
concentrations of inorganic constituents that are not related to site activities.
This approach considers natural variability in the distribution of inorganics
(USEPA, 1995). As stated in Section 2.2, twice the mean background
concentration was used for COPC screening, not twice the 95th% UCL of the
mean. This is consistent with Region IV guidance (USEPA, 1995).

Page 2-3, Section 2.2, M. Johnson, Risk-Based Screening. It is not clear
how 1/10™ the HI accounts for additivity; this appears to be arbitrary.

Recommendation: More information is needed how 1/10™ was
extrapolated (if at all).

Adjusting the target HI to 0.1 is the method used by Region IV to adapt the
Region I RBCs to the COPC screening process (USEPA, 1995). This
method is conservative for RSA-50 based on the number of COPCs (=1) and
the level of exposure for the receptors as compared to that assumed by the
Region HI tables.

Comments 4 through 8 are not associated with RSA-50 but with RSA-67. These comments

will be addressed with response to comments in the RSA-67 BHHRA.
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Response to U.S. Environmental Protection Agency
. - Comments on
Draft Summary Baseline Human Health Risk Assessment
for RSA-50, Operable Unit 17
December 1998
Redstone Arsenal, Alabama

Comments Received from Mr. Jim Barksdale on May 11, 1999,

General Comments

Comment 1:

Response 1:

It is difficult to determine if the risk assessment information presented is
based upon adequate characterization of site contaminants, based upon the
material presented. Figure 1-1 shows the two parts of RSA-50 and the
sample locations. According to the text and Table 2-1, groundwater data
used in the risk assessment were collected from monitoring wells RS-115, RS-
116, RS-117, and RS-118. Of these wells, RS-117 is not pictured on Figure 1-
1. Although it is noted in the text that RS-117 is not pictured, the text does
not describe the location of RS-117. Therefore, it is difficult to evaluate the
data from this well. Of the remaining wells, RS-116 appears to be on the
downgradient portion of RSA-50. RS-118 and RS-115 are upgradient of the
largest part of RSA-150. Therefore, only one of the wells pictured appears to
be positioned to intercept contaminant migration from the largest part of
RSA-50. In addition, groundwater samples have only been analyzed for
explosives, chemical agents, white phosphorous, and thiodiglycol. In at least
one other area where chemical agents have been stored (such as RSA-67),
metals have been risk drivers in groundwater. Many of these issues may be
clarified when the human health risk assessment is presented in the context
of the Remedial Investigation Report. However, additional information
regarding the adequacy of the groundwater data available to characterize
site contamination should be presented in the text. In addition, the position
of RS-117 should be presented in Figure 1-1 or at least discussed in the text.

As requested by the reviewer, figure 1-1 will be reduced in scale to permit
placement of RSA-117 on the figure.

RSA-50 is located in an extremely remote location several miles from any other
site that might introduce off-site contamination into the groundwater flowing on
to the site (which was the situation at RSA-65). This lack of off-site
contamination is demonstrated by the groundwater monitoring wells located well
outside the RSA-50 boundaries. As indicated in Table 2-1, screening-level
groundwater samples that were collected from three soil boring were not used in
the assessment of risk. Such samples produce analytical results that are often
inconsistent with the results of samples collected in dedicated groundwater
monitoring wells that were properly developed and purged.
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Response to U.S. Environmental Protection Agency
) Comments on
Draft Summary Baseline Human Health Risk Assessment
for RSA-50, Operable Unit 17
December 1998
Redstone Arsenal, Alabama

Although we did not use results from boreholes 05004-HP, 05005-HP, or 05010-
HP in the calculation of risks and hazards, we did qualitatively examine these data
to reduce our concern over the potential for significant undiscovered
contamination. Attached to this response is a copy of the analytical data from the
original RI report (Table 6-3). The location map for these samples is presented as
Figure 1-1 in the BHHRA for RSA-50. Sample 05005-HP was analyzed for the
same limited suite of explosive compounds and indicators as the majority of other
RSA-50 samples. The remaining two samples were analyzed for TAL/TCL
parameters, explosives, and chemical agents. As found in the groundwater
monitoring wells, no chemicals other than metals and blank contaminants were
detected in groundwater from any of the three borings. A list of the metals that
were detected is provided on page 5 of Table 6-3. Only four metals may have
exceeded background levels for RSA (see table below) and only one (beryllium)
exceeded twice background levels. None of these metals appear to be related to
past site activity and none are present in concentrations that would indicate a
potential for more widespread contamination at RSA-50.

The analytical results for other compounds such as explosives and chemical
agents for 05005-HP is consistent with other site wells including RS-116. Thus, it
is expected that the metals results from the three borehole samples can be
assumed representative of potential releases and site use.

05040-HP 05010-HP RSA Background
Chemical ng/L pg/L ng/L
Barium 63 <43 42.8
Beryllium 3.01 <1.40 0.6
Manganese 496 80 338
Nickel 44 <25 32.7

< indicates value less than detection limit.
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"TABLE 6-3
SUMMARY OF ANALYTES IN GROUNDWATER AT RSA-50
REDSTONE ARSENAL, ALABAMA
Sample ID 05004-HP 05005-HP 05010-HP 05011S-MW | 050116-MW | 050117-MW | 050118-MW |

Date Collected 8/2/96 8/6/96 811196 8/20/96 8/20/96 8/21/96 8/20/96

Lab Sample ID| H0569 HOR63 HO861 H2166 H2169 H2265 H2168
1,1,1-Trichloroethane < 13 NA < 13 NA NA NA NA
1,1,2,2-Tetrachloroethane < 02 NA < 02 NA NA NA NA
1,1,2-Trichloroethane < 04 NA < 04 NA NA NA NA
1,1-Dichloroethane < 21 NA < 21 NA NA NA NA
1,1-Dichloroethene < 10 "NA < 10 NA NA NA NA
1,2-Dichloroethane < 05 NA < 0S5 v NA NA NA NA
1,2-Dichloropropane < 04 NA < 04 NA NA NA NA
2-Butanone 4.1 /UIB NA 4.0 /UB NA NA NA NA
2-Hexanone < 16 NA < 16 NA NA NA NA
4-Methyl-2-pentanone < 03 NA < 03 NA NA NA NA
Acetone < 43 NA < 43 NA NA NA NA
Benzene < 05 NA < 05 NA NA NA NA
Bromodichloromethane < 04 NA < 04 NA NA NA NA '
Bromoform < 04 NA < 04 NA NA NA NA
Bromomethane < 04 NA < 04 NA NA NA NA
Carbon disulfide < 07 NA < 07 NA NA NA NA
Carbon tetrachloride < 06 NA < 06 NA NA NA NA
Chlorobenzene < 02 NA < 02 NA NA NA NA
Chlorocthane < 08 NA < 08 NA NA NA NA
IChloroform < 03 NA < 03 NA NA NA NA
Chloromethane < 09 NA < 09 NA NA NA NA
cis-1,2-Dichlorocthene < 03 NA < 03 NA NA NA NA
cis-1,3-Dichloropropene < 04 NA < 04 NA NA NA NA
Dibromochloromethane < 02 NA < 02 NA NA NA NA
Bthylbenzene < 01 NA 0.1 /UB NA NA NA NA
hMethylene chloride < 64 NA 1< 64 NA NA NA NA
Styrene < 04 NA < 04 NA NA NA NA
Tetrachloroethene < 20 NA < 20 NA NA NA NA
Toluene < 09 NA < 09 NA NA NA NA
trans-1,2:Dichlorocthene < 15 NA < 15 NA NA NA NA
trans-1,3-Dichloropropene < 01 NA < 01 NA NA NA NA
Trichloroethene < 04 NA < 04 NA NA NA NA
Vinyl chloride < 07 NA < 01 NA NA NA NA
Xylencs < 04 NA < 04 NA NA NA NA
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TABLE 6-3

SUMMARY OF ANALYTES IN GROUNDWATER AT RSA-50

REDSTONE ARSENAL, ALABAMA
Sample ID 05004-HP 05005-HP 05010-HP " 050115-MW | 050116-MW | 050117-MW | 050118-MW
Date Collected 8/2/96 8/6/96 81196 8/20/96 8/20/96 82196 820196
Lab Sample ID HO0569 HO0863 HO861 H2166 H2169 H2265 H2168
el Organics el
bis(2-Chloroethyl)ether < 08 NA 038 NA . NA NA NA
bis(2-Chiloroisopropylether < 19 NA < 19 NA NA NA NA
bis(2-Ethylhexyl)phthalate 1.8 BIPUB NA 56 BIP/UB NA NA NA NA
Butylbenzyl phthalate < 07 NA < 07 NA NA NA NA
|Carbazole < 32 NA < 32 NA NA NA NA
Chrysene < 04 NA < 04 NA NA NA NA
|Di-n-butyl phthalate < 06 NA < 06 NA NA NA NA
|Di-n-octy! phthalate < 44 NA < 44 NA NA NA NA
Dibenz(a,h)anthracene < 54 NA < 54 NA NA NA NA
{Dibenzofuran < 1l NA < L1 NA NA NA NA
Dicthyl phthalate l< o6 NA < 06 NA NA NA NA
|Dimethyl phthalate < 06 NA < 06 NA NA NA NA
|Fluoranthene < 07 NA < 07 NA NA NA NA
{Hexachlorobenzenc < 04 NA < 04 NA NA NA NA
| Hexachlorobutadiene 1< 09 NA < 09 NA NA NA NA
‘{Hexachlorocyclopentadienc 1< 07 NA 1< 07 NA NA NA NA
/|Hexachloroethane < 09 NA < 09 . NA NA NA NA
‘lindeno(1,2,3-cd)pyrenc < 57 NA 1< 57 NA NA NA NA
|Isophorone < 09 NA 1< 09 NA NA NA NA
-IN-Nitrosodi-n-propylamine < 23 R NA Je 23 NA NA ‘NA NA
‘IN-Nitrosodiphenylamine 1< 66 NA < 66 NA ‘NA ‘NA NA
INaphthalene 1< 09 NA < 09 NA NA ‘NA NA
Nitrobenzene 1< 10 NA < 10 NA NA ‘NA NA
 |Pentachiorophenol J< 09 NA < 09 NA NA ‘NA NA
‘{Phenanthrene 1< 03 NA 1< o5 NA NA ‘NA NA
‘{Phenol 1< 10 NA < 10 NA NA NA NA
‘|Pyrene 1< 05 NA < 05 NA NA ‘NA NA
|Aldrin J< 006 NA 1< 006 NA NA ‘NA NA
: |alpha-BHC 1< 006 NA 1< o006 NA NA NA NA
' |alpha-Chlordane 1< 006 NA < 006 NA NA .NA NA
* {beta-BHC < 006 NA 1< 006 NA NA ‘NA NA
:\DDD 1< oa NA < 011 NA NA NA NA
DDE < 0l NA < on NA NA \NA NA
DDT < 011 NA < 011 NA NA NA NA
|
|
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TABLE 6-3
SUMMARY OF ANALYTES IN GROUNDWATER AT RSA-50
REDSTONE ARSENAL, ALABAMA
Sample ID 05004-HP 05005-HP 05010-HP 050115-MW. | 050116-MW | 050117-MW | 030118-MW

Date Collected 8/2/96 8/6/96 871196 8/20/96 8/20/96 8/21/96 8/20/96

Lab Sample ID HO0569 HO863 HO861 H2166 H2169 H2265 H2168
Aluminum 20363 NA 16000 NA NA NA NA
Antimony 2.20 NA < 220 NA NA NA NA
Arsenic < 485 NA < 245 NA NA NA NA
Barium 63 NA < & NA NA NA NA
Beryllium 3,01 NA < 140 NA NA NA NA
|Cadmium - < 185 NA < 180 NA NA NA NA
Calcium 640880 NA 390000 NA NA NA NA ‘
Chromium 55.74 NA 44.00 NA NA NA "NA
Cobalt 10.55 NA < 860 NA NA NA NA
Copper 17.74 NA < 840 NA NA NA NA
Cyanide < 10 NA < 10 NA NA NA NA
Iron 18392 NA 12000 NA NA NA NA
Lead 1150 /OB NA 1295 /1B NA NA NA NA
Magnesium 3268 NA < 4600 NA NA NA NA
Manganesc 496 NA 80 NA NA NA NA
Mercury 0.220 NA < 0200 NA NA NA NA
Nickel 4 NA < 25 NA NA NA NA
Potassium 1752 NA < 880 NA NA NA NA
Selenium < 0700 NA < 0.700 NA NA NA NA
Silver < 430 NA < 550 NA NA NA NA
Sodium 1236 NA ) 5100 NA NA NA NA
Thallium < 40 NA < 40 NA NA NA NA
Vanadium 58 NA < 49 ~ NA NA NA NA
Zinc 221 NA 45 NA NA NA NA
Chemical Agents (ug/L)
1,4-Oxathiane < 0.140 < 0140 R j< 0140 R 1< 0140 < 0140 < 0.140 < 0.140
Dithiane < 0065 < 0065 Mi< 0065 /MR |< 0065 |< 0065 |< 0065 |[< 0065
Mustard < 0140 < 0140 Mi< 0140 M |< 0140 |< 0140 |< 0140 |< 0140
Thiodigtycol < 100 < 100 < 100 - < 100 < 100 < 100 < 100
‘White phosphorus < 3.590 < 3.590 < 3.590 < 0.900 < 0.900 < 0.898 < 0900
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Response to U.S Army Corps of Engineers
) Comments on
Draft Baseline Human Health Risk Assessment
RSA-50, Operable Unit 17
Redstone Arsenal, Alabama

Comments of P. Morgan, USACE, dated January 25, 1999 (received April 6, 1999).

Comiment 1: General. No comments on this document. Congratulations on a good
report.
Response 1: No response required.

Comments of Fred Moser, USACE, dated January 29, 1999 (received April 6, 1999).

Comment 1: Section 2.1.1, Page 2. The sentence which refers to the samples from
borings 05004, 05005, 05010 which indicates the samples were
examined but not included in HHRA may need not be clarified by
indicating these were groundwater samples only. '

Response 1: The discussion of these samples has been expanded in the document. Soil
samples taken from these borings were used in the risk assessment.

Comments of Charles W. Belin, Jr., Ph.D. USsACE, dated January 20, 1999 (received April 6,
1999).

Comment 1: 1 have no comments on this document.

Response 1: No response required.
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Response to U.S. Army Corps of Engineers Missouri River Division

: Comments on
Draft Baselme Human Health Risk Assessment
RSA-50, Operable Unit 17
Redstone Arsenal, Alabama

Comments of Mead, USACE-MRD, received April 16, 1999.

Comment 1:

Response 1:

KN/3875/tsa-50.C&R/6-25-99(4:19)

Para. 2.1. Please consult RAGS A Volume 1, Section 5.5 on
appropriate treatment of data with a “B” data qualifier, which is not
automatically excluded from a quantitative risk assessment. If the
blank contains detectable levels of common laboratory contaminants,
then the sample result should be considered positive only if the
concentrations in the sample exceed ten times the maximum amount
detected in any blank. If the blank contains detectable levels of one or
more organic or inorganic chemicals that are not considered by the
EPA to be common laboratory contaminants, then consider site
sample results as positive only if the concentration of the chemical in
the site sample exceeds five times the maximum amount detected in
any blank.

We concur that the text is misleading as it does not distinguish between
laboratory qualifiers and validation data qualifiers. The description of the

‘use of the “B” qualifier has been removed. The data evaluation was

performed as is described in RAGS. If a contaminant exceeds the
appropriate rule, the “B” is removed and that value is considered a valid
detection in data received for evaluation by risk assessors. Any “B”s that
remain on data evaluated for risk have had these rules applied and do not
warrant consideration representative of site conditions.
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