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APPENDIX C:

AIR QUALITY MODELING AND ANALYSIS

Under current conditions and in the absence of remedial action activities, the Weldon
Spring site does not impact ambient air quality and the air pathway does not contribute to public
health impacts. However, emissions would result from implementing cleanup activities at the
site. The air pathway is considered the principal route by which members of the general public
could be exposed to site contaminants during the implementation of remedial action activities
. currently being considered. Therefore, emissions and atmospheric dispersion of particulates have
been estimated for these activities to evaluate air quality impacts and support the health

assessment for the deanup period.

The modeling and analysns used to assess air quality are presented in thlS appendix.
The results of this analysis have been used in the health assessment presented in Appendix.F,
which addresses potential human exposures to particulates in the air and to particulates that
could be deposited on the ground as a result of contaminant releases from the site. Information
from the air quality and health assessments has been used to support the evaluation of short-
term effectiveness for the final remedial action alternatives being considered for site cleanup
(Chapter 6). These final alternatives include the no-action alternative and four action
- alternatives. Two of the final action alternatives involve on-site treatment by either chemical
stabilization/solidification (Alternative 6a) or vitrification (Alternative 7a) and on-site disposal.
The other two alternatives involve on-site vitrification and off-site disposal at one of two
locations, the Envirocare facility in Utah (Altemahve 7b) or the Hanford facility in Was}ungton
(Alternahve 7c).

The locations and conﬁgurahons of the temporary facilities and the types and
“sequencing of activities evaluated in this appendix are based on preliminary conceptual
engineering - information for the project. The following analyses address representative
conditions and are expected to bound potential impacts that could result from releases dunng
the cleanup penod

Implementing any one of the action alternatives would generate both contaminated and
uncontaminated emissions.  Activities that could result in contaminated releases include excavat-
ing contaminated soil and sedunent, operating stockpiles for this excavated material (e.g., for
transportation to treatment and disposal facilities), and operating the treatment and disposal
facilities (e.g., during unloadmg and waste placement activities). To minimize thesé releases,

 activities would be conducted in a manner designed to protect human health and the environ-
ment, and engineering controls would be incorporated into the treatment facilities. For example,
the raffinate pit sludge would be handled as a wet slurry to minimize releases of particulates
and radon gas, and the sludge processing facility for the vitrification alternatives would be
equipped with air pollution controls to remove particulates from the off-gas stream (Chapter 5).
Conventional dust control measures would also be used to minimize releases (Section C.3.5).
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, Activities that could result in uncontaminated emissions include (1) excavating borrow
material in the vicinity of the site; (2) backﬁlhng and regrading excavated areas; (3) constructing
‘the disposal cell — e.g., compacting subgrade material, constructing the side slopes, and
-emplacing the cover; (4) stockpiling various support materials, such as borrow soil; and
(5) transporting materials on paved and unpaved roads on-site and in the vicinity of the site,

including truck transport of borrow soil or treatment additives to the site (Alternative 6a or 7a) -
or truck transport of waste off-site (Alternative 7b or 7c). Conventxonal dust control measures

~ would also be used to minimize these releases.

. - Excavation and treatment activities would occur on-site under Alternatives 6a, 7a, 7b,
and 7c, and related impacts to air quality for these alternatives at the Weldon Spring site are
evaluated in detail in this appendix. Disposal activities would occur at the Weldon Spring site
for Alternatives 6a and 7a and at off-site locations for Alternatives 7b and 7c. Therefore, related
impacts are addressed for the Weldon Spring site under Alternatives 6a and 7a and for the
Envirocare and Hanford faci]ities under Alternatives 7b and 7c, respectively.

Fora comparahve analysis of the final action alternatives, it was assumed that disposal
‘activities such as constructing and operating the facility at the off-site locations would generally

“ibe similar to those activities evaluated for on-site disposal. This assumption is considered
‘ reasonable on the basis that similar, standard engineering methods and controls would probably

be used for these activities regardless of the location. Such an assumption was nécessary

because the decision-making process for the Weldon Spring site is currently in the conceptual -
-'stage so the specific nature and scheduling of such activities for the off-site locations (if -

Alternative 7b or 7¢ were4s‘elected) have not yet been determined. Thus, potential impacts to air
quality at the Envirocare and Hanford facilities associated with disposal of waste from the

o _Weldon Spring site have been evaluated thh screemng-level calculations for comparison. : .

The methodology used to model air quahty is descnbed in Section C.1. The specific
models are discussed in Section C.1.1, and the assumptions and model inputs are identified in

Section C.1.2. The results of this modeling for the remedial action period are compared with
ambient air quality standards in Section C.1.3, and the potential effectiveness of emission controls
is discussed. Additional information on the analysis of meteorological data used to model
atmospheric diffusion and transport for the Weldon Spring site is presented in Section C.2. Both
annual average and 24-hour particulate emissions were estimated in this analysis to assess

- potential air quality impacts of fugitive dust and to compare predicted concentrations with the -

ambient standards. Emission inventories were estimated for each potential source area on-site

.and for affected areas off-site, and the results .are presented in Section C.3. The exhaust
.emissions from heavy equipment used for cleanup operations are expected to be relatively low,
S0 air quality impacts from these emissions were calculated for a worst-case situation.

kg
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C.1 METHODOLOGY FOR MODELING AIR QUAIJTY IMPACTS

The'methodology used to assess air quality and potential health impacts was tailored
to reflect the complexity of the cleanup activities being considered for the Weldon Spring site.
This project-specific approach addressed the following factors:

* Source areas are widely scattered over the site, thh varying levels of
chemical and radioactive contamination.

e Both contanﬁnated and uncontaminated emissions are relevant because the
modeling results provide important input to both the air quality
assessment and the health risk assessment.

». Cleanup activities for the various source areas are conceptually scheduled
to occur at different times, rangmg from a few days to a few years over the
remedial action period. :

This methodology involved the following tasks:

‘s The locations of emission sources were identified, and categories of specific
activities were defined for each area;

e Specific receptor locations were identified for evaluation, including a
network of peﬁmeter locations and various nearby locations currently
occupied by human receptors; ’

* Uncontrolled emission rates were calculated using emission factors
provided by the U.S. Environmental Protection Agency (EPA 1985-1988,
hereafter referred to as AP42; EPA 1989a), and controlled emission rates
were calculated using the efficiencies of control technolog1es prowded by
the EPA (1978, 1988, 1989a);

e Matrixes of 24-hour c'oncentrétions were constructed by source area for the
various receptor locations by modeling particulate diffusion and transport
with a unit emission factor;

¢ Both 24hour maximum and annual average airborne particulate
- concentrations. were calculated for each receptor location by multiplying
the emission source strength at each area by the corresponding entry in the
concentration matrix, considering the pro;ected sequence of cleanup
. activities;

* Airbome concentrations of total particulates estimated for site perimeter
locations were compared with ambient air quahty standards to deternune
compliance;
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. Con'c‘entra'tidns of airborne contaminants and concentrations of contami- _ ‘
nated particulates deposited at the current human receptor locations were - ' ‘
calculated, the latter by mcludmg a component to model particulate
deposxhon, and :

. Concentrations of both airborne and deposited particulates from contami-
nated sources for each of these locations were tabulated, to use as input to
the health assessment for the remedial action period.

C1.1 Air Quality Models

. Two air quality models recommended by the EPA (1986) were selected for assessing
potential impacts from cleanup activities at the Weldon Spring site. The first — the Industrial
Source Complex (ISC) model — is a steady-state Gaussian plume dispersion model and is the
default dispersion model for air pathway analyses at Superfund sites (EPA 1989b). This model
can be used to assess impacts associated with a wide variety of sources at an industrial complex,
which describes the chemical plant. Accordingly, the model is well suited to evaluating airborne

<particulate concentrations that could result from the different types of emission sources

“distributed across the site. In addition, the model can account for particulate. settling and dry

“deposition. Therefore, it was also used to calculate the deposition of contaminated particulates

‘at various receptor locations to estimate potential health effects associated with releases of
contaminated material that could occur during the cleanup period (Appendix F). . .

_ TheISC model is limited in its effectiveness for considering the effects of uneven terrain,
‘and its application is restricted to areas of simple and flat terrain. The area adjacent to the site
“is in fact relatively flat and wooded. Although the Missouri River valley is located about 2.2 km

(1.4 mi) from the site boundary, nonbuoyant fugitive dust from sources near the ground level
(which describes the site sources) would only impact the area very close to the release.
Therefore, the site terrain can be appropriately classxﬁed as simple, and the model limitation
does not impact the analysis. :

The ISC model includes two forms: the Industrial Source Complex, Short Term model
_(ISCST Version 88348; EPA 1987b, 1987c) and the Industrial Source Complex, Long Term model
. (ISCLT Version 90010; EPA 1987b, 1987c). Typically, the ISCST model is used to estimate

24-hour average particulate concentrations and the ISCLT model is used to estimate annual

average concentrations. However, the ISCLT model was determined to be inappropriate for the

current analysis because of the nature and scheduling of projected cleanup activities for the

- Weldon Spring site. The long-term model was designed to address continuous emissions, but

site cleanup activities are expected to occur at various times during the remedial action period,

~sometimes lasting only a few days or weeks. For this reason, the ISCST model was determined

:to be more appropriate for estimating annual average particulate concentrations, and it was

selected for calculating both the 24-hour and annual average particulate concentrations. (airborne

and deposited) associated with emissions from the various pomt, volume, and area sources at
the Weldon Spnng site (Section C.1.2. 1) m
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The second model used to assess air quality impacts for the site is the third-generation
California Line Dispersion model (CALINE3; Benson 1979). This model, which is also a steady-
state Gaussian plume dispersion model, was originally developed to estimate the concentrations
of nonreactive pollutants from highway traffic. The model contains an algorithm for predicting
concentrations resulting from transportation activities. Therefore, it is considered appropriate
for evaluating emissions associated with line sources, which describe the various haul routes that
would be traveled to support cleanup activities. - These routes would be used extensively both
on-site and off-site (Section C.1.2.1), e.g., to move contaminated soil from source areas to staging
or treatment areas on-site and to bring construction material or treatment additives to the site
from off-site suppliers.

Another option would have been to evaluate a line source with the ISCST model using '
a simulation approach. That is, the line source could be divided into a number of elements of
equal length and width to create multiple sources. These individual elements could be evaluated
separately and the results summed to represent the entire source. However, this simulation
approach would be inefficient for the current analysis because the total length of haul routes
being considered extends to about 5 km (3 mi), so more than 300 individual volume sources
would have to be modeled.. The CALINE3 model was selected as the most appropriate model

‘for evaluating air quality impacts associated with haul traffic during the remedial action penod
‘because it was designed speaﬁcally to address transportatxon activities. :

C.1.2 Assumptions and Model Inputs

C.1.2.1 Emission Source Data

A potential emission source can be characterized by its type (i.e., point, volume, area, -

* or line source), the nature of expected activities at that source, and the size of the area disturbed

(in the case of an area source). A total of 1 point source, 3 volume sources, 21 area sources, and
29 line sources were evaluated for the Weldon Spring site. These sources are listed in Table C.1.
and depicted in Figure C.1; related source emissions for the period from 1993 to 2000 are
presented in Section C.3. Enclosed facilities, such as the sludge processing facility and the
volume reduction facility, were modeled as volume sources. Potential emissions from these
facilities include those associated with loading, unloading, feeding, mixing, and volume
reduction operations. The stack emission from the vitrification facility was modeled as a point
source. All emissions associated with the sludge processing facility other than the stack emission
for the vitrification analysis were modeled as a volume source. The other discrete source areas:
and the haul routes at the site were modeled as area and line sources, respectively.

For this analysis, the volume and area sources were defined by a center point. It was
assumed that emissions from the stack of the vitrification facility, which was modeled as a point
source, were released from a 30-m (100-ft) stack with an internal diameter of 1.2 m (4 ft) at an
exit velocity of 3.2 m/s (10 ft/s) and an exit temperature of 380°K (220°F) (MK-Ferguson
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, TABLE C.1 Sources Evaluated in the Air Pathway Analysis

"Number T

ype ~ Description®
S1 : Area - Material stagmg area
S2 Volume  Volume reduction facility
S3 Volume  Sludge processing facility (CSS and vIT)b.
$4 'Point Sludge processing facility (VIT)®
S5 Area Disposal cell and buildings, Phase 1
S6 Area Disposal cell and buildings, Phase 2 _
S7 Area Disposal cell and buildings, Phase 3, and coal pile
S8 Area Raffinate pits 1'and 2 -
9 - ‘Area ©  Raffinate pit 3
S10 Area Raffinate pit-4 (north)
S11 Area = Raffinate pit 4 (south)
512 Area . Spoils pile
S13- Area ~ Ash Pond
S14 - Area . FrogPond
515 Area North Dump, mulch pxle
516 "Area South Dump’ '
S17 Area Material (soil) stagmg area (south)
518 Area Temporary storage area (north)
S19 Area ' Temporary storage area (south)
S20 Area Construction material staging area (east)
S21 Area . Construction material staging area (west)
522 Volume Water treatment plant*
s23 Area Busch Lake 34
S24 Area Busch Lake 35
§25. Area’  Busch Lake 36
L1-1.27 Line . Haul road segments on-site
128129  Line 'Haul road segments between the three off-site

lakes and the site

- 2 Sources at whxch activities would take place over large areas — such as

the disposal cell, temporary storage area, construction material staging
area, and raffinate pit 4 — were subdivided into two or three areas for
air quality modeling. See Figure C.1 for locations of all source areas
except 523, 524, 525, L28, and L29; see Figure C.2 for locahons of 523,
S24, and S25.

® The notation addresses the type of treatment that would vbe conducted at.
the facility, as determined by the alternative: CSS = chemical

~ stabilization/solidification; VIT = vitrification. Stack emissions were
‘evaluated only for the vitrification facility because they are not relevant

, for the CSS facility.

© The water treatment plant is mcluded in this table because facxhty
closure was addressed in this analysis; impacts related to construction .
and operation have been addressed separately (MacDonell et al. 1990).
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R27Y
R26¢
R20}
R30
[
_ Os» oR4
R31 '
o R18
a2 sn(J 18
R33
- R34
- R3S
RI6S’
A1
Legend: . N T 0 500 1000 Feet
L = Line source. . t 1 ]
S = Area, volume, of point source . | ] L
R = Parimeter receptor location : N 0 150 300 Meters

FIGURE C.1 Locations of the Line, Area, Volume, and Point Sources and Perimeter '
Receptor Locations Evaluated for the Weldon Spring Site-

Company and Jacobs Engineering Group 1992). Other facilities, such as the volume reduction
facility, were modeled as volurne sources, assuming an area of 0.1 ha (0.25 acre) and a height
of 10 m (33 ).

It was also assumed that about 0.1 ha (0.25 acre) would be disturbed at each emission
location during any 1-hour period, on the basis of the smallest area estimated to accommodate
the equipment necessary for activities such as excavation and loading. This assumption is
conservative, as indicated by model calculations that addressed the effect on related emissions
of increasing the size of the area disturbed. Relatively large areas were represented by two or
three "center" points; such areas are the disposal cell, the temporary storage area (TSA), the
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construction matenal staging areas, and raffinate pxt 4. Links — which are defined as straight
segments of roadway having a constant width, height, traffic volume, and vehicle emission factor

— were used to model. the haul routes The projected haul routes have several curved
alignments that were approxxmated as straight lines for modeling purposes (see Figure C.1).

C.12.2 Meteorological Data

Representative meteorological data are important input to the dispersion model, and - |

. sité—speciﬁc data are obviously preferred (EPA 1987a). Surface meteorological data were
. collected on-site from 1983 to 1985; the 1985 data were selected as the most representative for

this air quality analysis (see Section C.2 and Lazaro {1989]). These meteorological data include
hourly wind speed, wind direction, ambient temperature, and wind fluctuation in the horizontal
direction. Atmospheric stability classes were determined from the latter using EPA methodology
(EPA 1987a). Mixing heights were estimated from upper-air meteorological measurements taken
twice daily in 1985 at a station in Salem, Llinois, located about 110 km (70 mi) east of St. Louis;

~ these data were used to mterpolate expected hourly mixing heights at the site. The meteoro-

i

logical data used in this analysis and a comparison of their statistical summaries with those for -

nearby weather stations are discussed in detail in Section C.2. (The collection of on-site

. meteorological data has recent]y been renewed, and the results will be incorporated. into

monitoring and testing activities for airborne contaminants during the cleanup period.)

C.1.2.3 Receptor Data

Thirty-six receptor locations were evaluated for this analysis. Ten of these represent
locations currently occupied by human receptors, and the remaining 26 represent hypothetical
receptor locations around the site perimeter (Figure C.1). Nine of the currently occupied
locations are off-site, and the tenth is the on-site project office building (Figure C.2). The off-site
locations are Francis Howell High School (student and janitor), a daycare facility (formerly the

) Weldon Spring Elementary School), the state highway maintenance facility, the guard house at
~ the Army Reserve Training Area, the headquarters at the Busch Wildlife Area, and the closest

three residences. - Potential health impacts at these receptor locations are evaluated in

- Appendix F. Most emissions from the site are considered ground-level or near-ground-level,
- nonbuoyant releases. Maximum particilate concentrations would occur in close proximity to

_the emission sources. Calculations indicated that the maximum 24-hour and annual average

concentrations resulting | from stack emissions for the vitrification facility would occur near the

" northern site boundary. Therefore, the network of perimeter locations that had been identified
- for evaluation was considered adequate and no new receptor locations were added for this

analysis. Estimated -particulate concentrations at the 36 receptor locatxons resultmg from

' remedial action activities are given in Section C.1a.
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© Receptor Locations

-

. Residence «
-
] e “Francis Howell High School
g U.S. Amny Reserve 3
and Nan‘oyna! Guard "~ Missouri Highwa
Training Area ._ Maintenance Facility .
N Guard House ,¥ CHEMICAL '
WM Spring Wiidiile Area ]

) 1 Mile T

| 1 :

{ i

o 2 Kilometers

" FIGURE C.2 Locations of Potential Current Recéptors

. C.1.3 Model Calculahons and Comparison to Ambient Alr Quality Standards

 Ambient air quality in areas accessible to the general pubhc is regulated by both state
and federal standards. Missouri ambient air quality standards are the same as the National.
“Ambient Air Quality Standards (Appendix G, Table G.2). These standards address six
.pollutants: . sulfur oxides (as sulfur dioxide), carbon monoxide, ozone, nitrogen dioxide, lead,
and particulates as PM-10 (i.e., particles with an aerodynamic diameter of <10 pum).

The annual ambient air quality standard for PM-10 is 50 pg/m?> as the arithmetic mean. .
- Compliarice with this standard is determined on the basis of measured daily concentrations over
3 years or predicted daily concentrations for 1year. The 24-hour standard for PM-10 is
150 ug/m with not more than three expected exceedances permitted in any 3 consecutive
years. To compare the model predictions with these values for both the 24-hour and annual
cases, the predicted value at each receptor location was added to a background concentration
of 24 ug/ m3. This backgrbund concentration represents an estimated PM-10 concentration for
the rural St. Louis area, as determined from measurements taken during the regional air
pollution study conducted in the 1970s (EPA 1980). Model-predicted particulate concentrations
that could result from cleanup activities, stockpile operations, borrow material activities, and
nearby road traffic are presented in Sections C.1.3.1 through C.1.34. Concentrations of air
pollutants that could result from operating heavy equipment on-site (as represented by front-end
loader and bulldozer activities) are discussed in Section C.1.3.5.
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Aubome particulate concentrations that could result from remedial action actxvmes for -

.the Weldon Spring site were estimated for each final action alternative. Model predictions for
-Alternatives. 6a and 7a are presented in the following discussion. Potential impacts to air quality
at the Weldon Spring site from excavation and on-site treatment under Alternative 7b or 7c
would be similar to those presented for Alternative 7a.

Particulate concentrations estimated for the Weldon Spring site from all sources

.combined (both contaminated and uncontaminated) would be lower for Alternatives 7b and 7c

‘than those presented for Alternative 7a because of total emissions associated with the disposal

-facility. The initial construction and subsequent cover emplacement for a disposal cell would
- result in substantial releases of uncontaminated dust. If Alternative 7b or 7c were selected, the

disposal facility would be constructed, operated, and closed at the Envirocare or. Hanford facility,
respectively, so related emissions would occur at those locations rather than at the Weldon
‘Spring site. Potential impacts to air quality at these off-site facilities from disposal activities
associated with waste from the Weldon Spring site were estimated using screening-level
calcu]ahons B

To support the prediction of airborne particulate concentratxons for Alternatives 6aand ...

% 7a, PM-10 emission inventories were developed for remedial action activities at the Weldon
1 Spring site using conceptual cleanup considerations and relevant engineering information (Sec-
gtion C.3). These inventories consider both (1) contaminated material, e.g., for activities such as
= excavation, treatment, and waste placement, and (2) uncontaminated material, e.g., for activities
* such as cell construction, backfilling, regrading, and truck transport. Conventional dust control

- measures that would likely be used during these activities are also addressed. Estimated

particulate concentrations associated with each of the major activities.are. discussed in
SectxonsClBlthroughClBS :

o C.131 Cleanup Actnvxtxes '

Current conceptual cleanup plans for the Weldon Spring site indicate that both contami-

nated and uncontaminated material would be handled from 1993 through 1999, whereas only '

uncontaminated material associated with activities such as backfilling, regrading, and
'» revegetating the site would be handled in the year 2000. Annual and 24-hour particulate

- concentrations (as PM-10, above background®) that could result from site cleanup activities were
« predicted for each final remedial action altemative. These concentrations were estimated for the
--10 human receptor locations and the 26 site penmeter locations for each year of the remedial
action penod : :

.

The estimated annual average concentrahons of contaminated airborne parhculates were -

also averaged over the cleanup period to provide a general indication of potential human
~ exposures for the specific receptors evaluated. . The average concentration for this period was

*Unless otherwise noted, all PM-10 concentrations reported in thls appendix exclude the contribution from

background. To esnmate total PM-10 concentrations for the Weldon Spring site, the background

~ concentration of 24 pg/ m? for the rural St. Louis area should be added to the estimated values.
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determined by summing the predictions for each year during which contaminated emissions
would occur (1993-1999) and then dividing by the total number of years (7). This estimated
annual average for the exposure penod was used to assess potential health impacts
(Appendlx F).

The annual average concentrations of contaminated particulates that could be deposited
at the current human receptor locations were also estimated for the health assessment; these
estimates were calculated with the same models and assumptions used to calculate the estimated
airborne contaminant concentrations at these locations, with one exception. For estimating
particulate deposition, the effects of gravitational settling and dry deposition were taken into
account; for estimating maximum airborne concentrations, the particulates were conservatively
assumed to remain in the air. Although this approach results in higher. estimated PM-10

‘concentrations at receptor locations and overpredicts inhalation exposures, it is expected to

provide conservative estimates of potential impacts from airborne releases.

The following particle size distribution was assumed for the deposition calculation: 20%

(by weight) of the contaminated particulates are 10 pm in diameter, 65% are 10 to 30 um, 10%

are 30 to 50 pm, and 5% are 50 to 100 pm. This distribution was determined from two factors.

" The first is the relationship between emission factors for PM-10 and total suspended particulates

provided by the EPA for various activities (EPA 1985-1988, 1988, 1989a). The second factor is .

the particle size distribution determined for contaminated soil and sludge at the Weldon Spnn§

site (MK-Environmental Services 1990). The particle density was assumed to be 2.7 g/m° .
(Grozescu 1991); other parameters used for the deposition calculations, such as the settling

velocity and reflection coefficient, were determmed from EPA recommendatmns (EPA 1987b)

Alternative 6a. The annual average and 24-hour particulate concentrations predicted

. for the current receptor locations under Alternative 6a are shown in Table C.2. Although the

main gate was evaluated as a perimeter location, it is tabulated separately because of its likely

occupancy (e.g., by a security guard) compared with the very low likelihood that any of the

other perimeter locations would be occupied for any appreaable length of time during the
cleanup penod

For the annual average estimates, the maxxmum particulate concentration predicted for
* aperimeter location from cleanup activities is 8.5 ng/m? for the worst year (1998) and 5.5 ug/m3
‘averaged over the entire remedial action period (1993-2000). The highést concentrations
estimated for the worst year would occur at the perimeter location near the north gate. The
major contributors are uncontaminated emissions from road traffic (42%), contaminated
emissions from the mulch pile (25%), and uncontaminated emissions from the construction
material staging area (17%). Concentrations would be highest at this location because activities
are expected to occur close to the northern site boundary and the predominant wind direction
is from the south.
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TABLE C2 .Estimated Annual and 24-Hour Average PM-10 Concentrations at the Weldon

Spring Site for Alternative 6a, Chemical Stabilization/Solidiﬁcation‘

Esumated Concentration® (ug/m?)

Annual Average : Highest 24-Hour Average
. Cleanup o ;
" Receptors Maximum Period® First " Second ~  Third
A Nearby resident (janitor at Francis 03.(1995) 02 70 (1998) 7.0 (1996) 6.4 (1996)
" Howell High School) C o . ) .
B Narby resident (Department of 03 (i995) 0.2 15 (1998) 11 (1997) 11 1997)
Conservation employee) : .
C Nearby resident (ad;acent ho - 0.1 (1998) 01 . . 3.8(1998) 3.5 (1996) 3.1 (1997)
U.S. Route 40/61) : : : :
D Nearby resident (Weldon Spring 0,04 (1998) 008 - 21(1998)  15(1995) 1.4 (1998)
Heights) . TN ‘ .
E Student (Francs Howell ngh 03 (1995) 02 77(1996) 7.6 (1997) 7.5 (1998)
School) ‘ K ‘ )
F  Child (daycare facility)? 0.1 (19955 . 0.1 ‘ 25(1997) 21 ('1998_)" 2.i (1997) :
G Worker (highway maintenance 1.1 (1995) 07 24098 8% 220995
fadility) o - :
H Worker (Army site representative) 0.8 (1995) 05 C47(1997)  42(1995) . 39 (1998)
1  Worker (Busch Wildlife Area , 0.4 (1995) ' 02 13(1997) 12 (1997) 11 (1998).
_ headquarters) : : R
] Worker (onsite office building) 42 (1995) 20 100 (1997)  88(1996) 88 (1995)
Hypothetical pezsm.at a perimeter 1.5 (1995) 0.9 28(1995 28 (1997) 28 (1997)
post (main gate)® ’ i .
Hypotheucal persan at site boundary' 85 (1998) 55 . 280 (20000 200 2000) 170 2000)

* Reported corcentrations are assouated with remedial action activities only; to estimate the total PM-10 concen-
tration, the background concentration of 24 pg/m’ should be added to the listed value (see text).

' . b The air quality standards for annual average and 24-hour PM-10 concentrations are 50 and 150 ug/m3, respec-

~t-

s

tively (these are both the National Ambient Air Quality Standards and the Missouri state standards) The year in
which the highest concentration is predicted to occur is given in parentheses. . :

<, Anavaageconcmnuonwasabomeedfor&\epenodfmm 1993 thmughzln)mmdxcate thegengra.l
magnitude of air quality impacts over the remedial action period. .

- 9 Although the daycare fadlity was recently destroyed by fire, this receptor loahon was retained for this assessment

to address the possibility that the facility might be rebuilt for a similar use.

¢ Althoughthiswasevaluzwd&sasilepaimeﬁerbuhon,nxsprsemed separately to reflect the increased -
likelihood of actual occupancy (e.g.; by a security guard) compared with the other perimeter locations.

Estimated maximum anmual and 24-hour average concentrations would occur at penmeter locations near the
construction material staging area and the Frog Pond area, respectively.
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The on-site office building is the receptor location closest to the emission sources
associated with remedial action activities. The maximum annual average particulate concen-
tration estimated for a receptor at this location is 4.2 ug/m for the worst year (1995); the
average concentration for the entire period is 2.0 pg/m> The }ughest concentrations
estimatedfor the off-site receptor locauons are less than 1.1 pg/m Combined with the
background concentration of 24 pg/m?, all of these predicted values are consxderably below the
annual air quality standard of 50 ug/m3 for PM-10.

The highest 24-hour average particulate ‘concentration of 280 pg/m? is estimated to
occur at the perimeter location near Frog Pond in the year 2000 as a result of site backfill
operations with uncontaminated material. The highest 24-hour average concentration predicted
for. the period during which contaminated material would be handled (1993 to 1999) is

- 170 pg/m? at the perimeter location near the north gate. The major contributors to this estimate

are the handling of contaminated material from the mulch pile (42%) and the handhng of
uncontaminated material from the construction material staging area (31%).

The highest 24rhour average partxculate concentrahons predicted for the on-site office

_ building are 100 pg/m3 from both uncontaminated and contaminated sources and 50 ug/m3

from contaminated sources only. The highest 24-hour concentrations predicted for the nine
off-site receptor locations, including background are considerably below the 24-hour air quahty :
standard (Table C.2).

The methodology used for this analysis cannot accurately predict a worst-case concen-
tration associated with activities near the site perimeter because it was assumed that the emission
sources are represented by the center points of disturbed areas (Section C.1.2.1). High concentra-
tions could occur at perimeter locations during operations near the site boundary For example,_
concentrations at the adjacent perimeter locations would be expected to be high during the
backfilling of raffinate pit 4: Therefore, additional dust control measures such.as water sprays .
would probably be needed during such activities. Other control measures that could be applied
to limit particulate emissions include reducing daily processing rates and considering meteoro-
logical conditions such as wmd speed and dlrectlon when scheduling certain activities.

In general, particulate concentrations that could result from site cleanup activities are -
expected to be relatively low, except for high 24-hour average concentrations that might occur
at the perimeter when activities were being conducted near the site boundary. These concen-
trations are not expected to significantly impact human health or the environment because
(1) they would be distributed over a wide area; (2) most of the activities near the site boundary
would involve uncontaminated material and the major source areas that would contribute
significantly to contaminated emissions are located at some distance from the perimeter;
(3) much of the contaxmﬁated material would be handled in a wet condition; and (4) only one
shift would be operating during the day, which is when atmosphenc dxspersxon conditions are
such that air pollutants are least likely to accumulate.

Emissions from contaminated sources were also evaluated with atmospheric dispersion
modeling'to support the health assessment for Alternative 6a. Model-predicted annual average
concentrations of contaminated airborne particulates at the current receptor locations are shown
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in Table C.3, and results of the deposmon calculations are shown in Table C 4. The human |

health assessment is presented in Appendxx F.

. | . !

Alternative 7a. The annual average and 24-hour particulate concentrations predicted
for the current receptor locations under Alternative 7a are shown in Table C.5. Whereas the final
waste volume would increase under chemical stabilization/solidification, vitrification would
decrease the final volume. Therefore, the vitrification alternative would require a smaller
disposal facility than the chemical treatment alternative. Because constructing and covering a
disposal cell can generate a considerable amount of fugitive dust, reduced emissions are
associated with the smaller facility. Thus, total particulate concentrations (i.e., from contami-
nated and uncontaminated sources- combined) would generally be slightly lower for
~Alternative 7a than Alternative 6a. (Some exceptions do exist, depending on the source-receptor
relahonsh.lp and the differences in estimated work schedules.)

The highest annual average parhculate concentration predicted to occur at any location

“during the remedial action penod is 6.5 ug/m?> for 1997;. averaged over the entire period, the

:highest concentration is 4.6 pg/m3. The concentrations for the worst year would occur at the

~ perimeter location near the north gate and they are primarily associated with uncontaminated
emissions from road traffic (45%) and the construction material staging area (34%). Particulate
“concentrations would be highest at this location because these activities are expected to occur -
“close to the northern site boundary and the predominant wind direction is from the south. The

on-site office building is the receptor location closest to the emission sources associated with site
cleanup activities. The maximum concentration estimated for a receptor at this location is
27 ug/m for the worst year (1995); the concentration averaged over the .entire period is

1.9 ng/ me. The highest concentrations at the off-site receptor locations are estimated to be less . .-

-than 0.8 pg/m>. Combined with the background concentration of 24 pg/m?3, all these predicted
values are considerably below the annual air quality standard for PM-10. :

The highest 24-hour PM-10 concentration at the site perimeter is estimated to be
280 pg/m?> at the location near Frog Pond; this concentration would result from' backfill
operations with uncontaminated material. The highest 24-hour concentration predicted for the
period dunng which contaminated material would be handled (1993 through 1999), is
-150 pg/m?, which would occur at the perimeter locanon closest to the on-site office building.
This level would result primarily from operations at the disposal cell (70%) and road traffic
“(21%). The hxghest 24-hour particulate concentrations predicted for the on-site office bmldmg
‘are 93 pg/m> from both uncontaminated and contaminated sources and 50 pg/m> from
contaminated sources only. The highest 24-hour concentrations predicted for the nine off-site
‘receptors, including the background concentrahon, are considerably below the 24-hour air quallty
standard (Table C.5). o

- Alternative 7a involves an additional source of contaminated emissions not associated
with Alternative 6a, i.e., emissions from the vitrification stack. The vitrification facility is
expected to operate 24 hours per day, 365 days per year. However, no significant air quality
impacts are expected to result from these emissions because the facility would be equipped with
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TABLE C3 Esﬁmated Annual Average Concentrations of Airbome Particulates at Potential
Receptor Locations from Contaminated Sources for Altemauve 6a, Chenucal Stabilization/
Solidification, and Altemative 7a, Vitrification

Estimated Annual Average Airborne PM-10 Concentrations at Potenhal Receptor Locations®

Treatment , (ng/m)

Method/ . ) .

Year A B C D E. F G H I J

Chemical Stabilization/

Solidification

1993 : 0.013 0.007 0.004 0002 0014 0.002 0.072 0.013 0.010 0240
1994 0.007 0.005 0.001 0.001 0.008 0001 0050 0.008 0.007 0.117
1995 0.024 0017  0.006 0.004 0.028 0.006 0.095 0064 0018 0.675
1996 ©0.022 0.015 0.005 0.003 0.028 0.005 0.116 0.053 0020 -0.530
1997 - : 0.034 0.025 0.013 0.005 0.044 0011~ 0.180 0099 0049 0574
1998 - 0.044 0.044 0.017 - 0.008 0.051 0.014 0.189 0129 0071 0232
1999 0.007 0.003 0.003 0.001 0.009 0.003 0.041 0023 0004 0.046
Avexage" .. 0022 0017 0.007 0.003 0026 0.006 0.106 -~ 0056 0026 0345
Vitrificaﬁon

1993 ’ 0.008  0.006 0003 0001 0.008 0.002 0048 0012 0010 0.197
1994 0.007 0.007 0004 ~ 0.001 0.009 0.003 0.044 0021 0011 0.123
1995 . 0.025 0.018 0.006 0.004 0.028 0.006 0.105 0087 0019 0733
1996 0.013 0.010 0.004 0.002 0.015 0.003 0.071 0047 0014 0376 -
1997 . 0043 0046 0.013 . 0.006 0.053 0.012 0.187 0126 0078 0.850
1998 . 0044 0.047 0015 0008 - 0.053 0.012 0.189 0123 0073 0496 .
1999 . 0.012 0.008 0.003 0002 - 0014 0.003 0.072 0026 0007 0.181
Averageb . 0.022 0.020 0.007 0.003 0.026 0.006 0.102 0063 0030 0422

2 The potential receptors are describéd in Table C2, and the locations are shown in Figure C.2.
b Averaged over the period from 1993 through 1999.

an extensive off-gas treatment system (Section 5.3.2) and this system would be optimized for
maximum collection efficiency during the design phase of remedial action planning if Alterna-
tive 7a, 7b, or 7c were selected. Using the removal efficiencies estimated for this system as part
of preliminary engineering considerations (MK-Ferguson Company and Jacobs Engineering
Group 1992), stack emissions of criteria pollutants such as PM-10, carbon monoxide, and sulfur
dioxide are expected to be neghg1ble The highest annual average concentration predicted for
nitrogen dioxide, 10 pg /m> near the north gate, is only a small fraction of the national ambient
air quality standard of 100 ug/m As for Alternative 6a, potential air quality impacts associated
with site cleanup activities would be relatively minor for "Alternative 7a, provided that
appropriate dust control measures were used for activities conducted ad;acent to the site

boundary.
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TABLE C.4 Estimited Annual Concentrations of Particulates Deposited at Potenhal
Receptor Locations from Contaminated Sources for Alternative 6a, Chemical
Stabilization/Solidification, and Alternative 7a, Vitrification .

Estimated Annual Particulate Depositioﬁ at Potential Receptor Locations®

Treatment {mg/kg soil)

Method/

Year A B C D E F G H 1 ]
Chemical Stabilization/
Solidification
1993 022 014 008 005 02 006 071 031 011 264
1994 009 006 003 002 010 003 073 008 006 104
1995 052 035 020 010 060 020 145 099 033 912
19% 040. 037 013 007 051 012 177 120 041 760
1997 052 054 . 046 022 061 038 201 18 059 707
1998 - 069 103 046 022 08 033 252 251 108 288
1999 009 007 007 - 004 011 004 053 . 038 008 050
Average® 03 037 020 010 042 017 139 105 038 _ 441
Total® 253 25 143 073 29 117 972 735 267 -3085
Vitrification ’
1993 015 016 009 - 007 014 008 051 029 012 221
11994 010 017 009 003 012 004 049 051 013 . 122
1995 044 043 020 011 051 019 154 181 045 .1006
19% 020 026 011 005 023 008 092 108 029 461
1997 063 104 038 022 076 034 220 38 097 1130
1998 070 103 039 020 081 032 244 293 114 . 602
1999 018 017 009 005 021 007 093 045 016 236
Average® 034 046 019 011 040 016 129 156 047 540
Total® 240 325 134 074 278 112 904 1094 326 37

3 The potential receptors are described in Table C2, and the locations are shown in Fxgure Cca.
The deposited concentration as "mg/kg soil” was obtained by converting the unit "g/m?" from
the output of the deposition model to "mg/kg soil,” assurmng that the material is deposited to
a depth of 1 cm in the soil and. the density is 1.8 g/cm (detenmned from soil data for the

sne)

b Averaged over the period from 1993 through 1999.
¢ Cumulative total deposition over the period from 1993 through 1999.
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TABLE C.5 Estimated Annual and 24-Hour Average PM-IO Concentrations at the Weldon
Spring Site for Alternative 7a, Vitrification*

Estimated Concentration® (pg/m?)

m Average : Highest 24-hour Average
Cleanup ' ' :
Receptors Maximum Period® : First Secord Third
A Nearby resident Ganitor at Frands 02 (1997) 01 . 78(1997)  68(1997) 5.4 (19%)
Howell High School) . . S
B Nearby resident (Department of 02 (1997) 01 10 (1998) 9.0(1999) 838 (199)
Conservation employee) .
C  Nearby resident (adjacent to 0.1 (1997) 0.1 26(1998)  25(1997) 2.5 (1995)
U.S. Route 40/61) .
D Nearby resident (Weldon Spring 003(1998) 00 16(1997) 14(1998) 14 (1995)
Heights) : _ .
E  Student (Francis Howell High . 02(1997) 02 . 84(197) - 82(1997) 6.4 (1994)
School) o . ' '
F Child (daycare facility)? 0050199 004 210197 20(19%) - 2.0 (1994)
G Worker (highway maintenance 0.8 (1997) 06 - . 25(199) T (0000 23 (1997)
fadility) ] .
H Worker (Ammy site representative) 0.6 (1997) 05 390000 36 (1999) 30 (1994)
1  Worker (Busch Wildlife Area 03 (197) 02 11 1997) 10(19%) 99 (1997)
headquarters) ‘ _ ’ . ]
] Worker (onsite office building) 270195 19 93 (1998). 86 (1995 83 (1995)
Hypothetical person at a perimeter 1.0 (1997) 07 28 (1995) 27 (1995) 26 (1996)
post (main gate)® ’ : :
Hypothetical person at site boundary! 6.5 (1997) 46 . 280 (2000) 200 (20(1)) 170 (2000)

Reported eommmhons are associated with remedial action activities only; to estimate the total PM-10 concen-
tration, the background concentration of 24 pg/m3 should be added to the listed value (see text).

The air quality standards for annual average and 24-hour average PM-10 concentrations are 50 and 150 pg/m’,
respectively (these are both the National Ambient Air Quality Standards and Missouri state standards). The year
in which the highest concentration is predmhed to occur is given in parentheses.

An average concentration was also estimated for the period from 1993 thmghzomwumwmegmml :
magnitude of air quality impacts over the remedial action period. :

Although the daycare faalitywasrmdy destroyed by fire, &ismeptorloatim_wasretainedforﬂ\is
assessment to address the possibility that the facility might be rebuilt for a similar use.
Alt}nughthiswasevaluatedasasitepeimeterloa&mit'mpraa\tedseparatelytonﬂecttheinc'ased
likelihood of actual occupancy (e.g., by a security guard) compared with the other perimeter locations.
Estimated maximum annual and 24-hour average concentrations would occur at perimeter locations near the
construction material staging area and the Frog Pond area, respectively.
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Potentlal emissions from contarmnated sources were also evaluated mth atmospheric -

dispersion modeling to support the health assessment for Alternative 7a. Model-predicted
~ concentratiohs of contaminated airborne particulates at the current receptor locations are shown
~ in Table C.3, and results of the deposition calculations are shown in Table C.4. The human
health assessment is presented in Appendxx F.

|

_ Alternative 7b. Overall impacts to air quality at the Weldon Spring site would be much
_lower for Alternative 7b than Alternative 7a because emissions associated with the disposal cell
+(which are primarily uncontaminated) would occur at the Envirocare facility rather than on-site
and the incremental contribution from nearby transport activities would be negligible. Material
‘would be transported from the site in closed containers, so no measurable emissions would be
expected from waste transport to the rail siding in Wentzville, Missouri, or from unloadmg and
loading during transfer operations at the siding. Similarly, emissions are not expected to occur
during transport to the Envirocare facility.

" No detailed information is available for activities that would be conducted to construct

yand operate a cell at the 220-ha (540-acre) Envirocare facility if it were selected as the disposal
location for the Weldon Spring waste. Therefore, to provide a very preliminary estimate of
< potential air quality impacts for a comparative analysis, a screening-level analysis was conducted
*in which simplifying assumptions for the disposal activities were combined with available site-

= specxﬁc data for factors such as surface features and meteorological conditions (U.S. Department

* of Energy [DOE] 1984; Envirocare of Utah 1991; EPA 1991). For Alternative 7b, the area of the
cell required for the Weldon Spring waste, the nature of construction and operation activities,
related emission factors, and dust control measures at the Envirocare facility were assumed to
*be similar to those evaluated for the Weldon Spring site under Alternative 7a. Potential air

- quality impacts were modeled using site-specific information and assuming that.a 17-ha (42-acre)

" disposal cell would be constructed and operated over a 5-year penod in the southwest area of
the Envirocare site. : : .

'l'he PM-lO'conce'ntrations estimated from this screening-level analysis are 78 pg/m?> and

8.5 pg/m3 for the highest 24-hour and annual average, respectively, at the site boundary location
closest to the disposal cell. For the potential receptor at the Envirocare site office, which is
* located in a north-central area of the site, the PM-10 concentrations are estimated to be 26 pg/m?
~and 1.7 pg/m?3 for the highest 24-hour and annual average, respectively. The nearest residential

_areas are currently located 40 km (25 mi) away from the site. - Therefore, no measurable:
particulate concentrations are expected at off-site residences as a result of emissions from

" constructing and operatmg a dxsposal famhty at the Envirocare site to manage the Weldon Spnng

" waste.

On the basis of information currently available for the Envirocare site, the disposal
facility could be located close to the site boundary. Therefore, when weather patterns were
unfavorable or the workload was heavy, the 24-hour PM-10 concentration could be higher than

~ those predicted in this screening-level analysis and might exceed the short-term air quality
standard. In such situations, it is expected that additional dust control measures would be used.

N
3
5
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Altematwe 7¢. Overall impacts to air quahty at the Weldon Spring site under Alter-

“native 7c would be much lower than those for Alternative 7a because emissions associated with

the disposal cell would occur at the Hanford facility rather than on-site and the incremental
contribution from transport activities would be negligible (as described for Alternative 7b).’
Emissions_of contaminated material would be similar for these two alternatives.

No detailed information is available for activities that would be conducted to construct
and operate a cell at the 1,500-ha .(3,700-acre) Hanford Reservation if it were selected as the
disposal location for the Weldon Spring waste. Therefore, to provide a very preliminary estimate
of potential air quality impacts for a comparative analysis, a screening-level analysis was
conducted in which simplifying assumptions for the disposal activities were combined with
available site-specific data for factors such as surface features and meteorological conditions
(DOE 1987, 1991; EPA 1991). For Alternative 7c, the area of the cell required for the Weldon
Spring waste, the nature of construction and operation activities, related emissions, and dust -
control measures at the Hanford facility were assumed to be similar to those evaluated for the
Weldon Spring site under Alternative 7a. Potential air quality impacts were modeled using site-
specific information and assuming that a 17-ha (42-acre) cell would be constructed and operated
over a 5-year period in the 200-West Area of the Hanford Reservahon

_ The PM-10 concentrations eshmated from this screemng-level analysm are 7.0 and
0.1 pg/m3 for the highest 24-hour and‘annual average, respectively, at the potential receptor.
location closest to the disposal cell (on State Route 240, which runs through the Hanford
Reservation). It was assumed that conventional dust control measures would be used during

cell construction activities to minimize fugitive dust emissions (some of which might be

contaminated as a result of previous site activities). These measures would be expected to limit
potential worker impacts associated with constructing a facility for the Weldon Spring waste, and
they would also limit the potentxal for parhculate dxspersxon from the work area. .

The Hanford Reservation is very large, and the disposal facility was assumed to be

“located in the 200-West Area, which is about 10 km (6 mi) from the site boundary (DOE 1987). .

Therefore, PM-10 concentrations at potential perimeter receptor locations as a result of disposal

activities would be negligible. Similarly, no measurable particulate concentrations would be

expected at any off-site resident location as a result of emissions from constructing and operating .
a disposal facility at the Hanford site to manage the Weldon Spring waste.

Comparative Analysxs Particulate emissions associated with excavation and treatment
activities at the Weldon Spring site are expected to be somewhat similar for each of the four
alternatives because the same material would be handled for each. Relative to ambient air

'quality standards, it is expected that PM-10 concentrations at the site perimeter could

temporarily increase when certain dust-generating activities were conducted near the fence line,

‘'such as backfilling excavated areas with uncontaminated borrow soil. Therefore, during these

activities, dust control efforts would be intensified to ensure compliance with ambient air quality
standards. In fact, information from this air quality assessment will be used to focus the
development of appropriate dust control strategies for the site during the detailed design stage
for this remedial action. o
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Ermssxons associated with disposal activities would occur on-site under Alternatives 6a
and 7a, wheress they would occur off-site under Alternatives 7b and 7c. Assuming for this

comparative analysis that the disposal activities would generally be the same at each alternative.
~ site, related emissions for Alternatives 7b and 7c are expected to be somewhat similar to those

indicated for Alternative 7a. It is also assumed that appropriate dust control measures would

‘be used to control emissions so that air quality standards would be met at the off-site locations.
For example, preliminary screening-level calculations indicate that particulate concentrations at
the perimeter of the Envirocare site could potentially be elevated under certain meteorological -

conditions; additional dust control measures could be applied to reduce these levels in such

- cases.

o/

For the two on-site disposal alternatives, both the total emissions (contaminated and

uncontaminated) and the uncontaminated emissions would be higher for Alternative 6a

(chemical stabilization/ solidification) than for Alternative 7a (vitrification). This difference is .

primarily the result of fugitive dust associated with cell construction and with on-site transport
of the higher volume of treated material. Uncontaminated emissions from activities such as
constructing the foundation and cover of the disposal facility would be higher because more
:borrow soil and other construction material (e.g., sand and gravel) would be used to construct
the larger facility for the chemically treated material. .

Although the amount of contarmnated matenal handled under each alternative would

" be similar, contaminated emissions are estimated to be slightly higher for Alternative 7a, )
‘primarily because of the increased handhng of soil associated with both the initial preparahon :

. of the disposal cell area and waste placement into the operational facility. On average over the

remedial action period, these concentrations are expected to be generally the same or. somewhat

“higher for Alternative 7a (e.g., increased by 20%) compared with Alternative 6a. However, the,

‘relative relationships between the alternatives would vary from year to year, as indicated in .
Tables C.3 and C.4, because of differences in scheduling and sequencing of construction and

- operation activities and the prevailing- meteorolog:cal condmons under which the various

activities would be conducted. ‘

Contaminated particulates would be released from the stack of the on-site vitrification
facility under Alternatives 7a, 7b, and 7¢, but no such releases are associated with treatment by

‘chemical stabilization/solidification for Alternative 6a. Stack emissions would be very low
‘compared with fugitive dust releases, e.g., those generated by excavating contaminated areas.
" Particulates released from the vitrification stack are not expected to contribute measurably to

estimated concentrations of contaminated airborne and deposited particulates because the
‘extensive engineering controls that would be incorporated into the off-gas treatment system

(Section 5.3.2) are assumed to reduce stack emissions to nominal levels. -Emissions from other
-+ ;treatment facilities, such as the volume reduction facility, would be similar for each of the four

.alternatives.

The nature of phased construction identified from conceptual engineering'con,siderations -

for the disposal cell under Alternative 7a is a major reason for the increased levels of con-
taminated airborne and deposited particulates associated with this alternative. Compared with
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Alternative 6a, the construction sequence for Alternative 7a would result in additional handlihg-
of soil from beneath the dismantled chernical plant buildings. Under Alternative 6a, each of the
three phases of the combination disposal cell would be constructed in sequence. This would
minimize the double handling of soil from the area proposed for the disposal cell because soil
excavated to construct the second and third phases of the cell could be placed directly into the
first phase of the operational facility. In contrast, both the first phase of the combination cell and
the entire vitrification cell (which corresponds to the third phase of the combination cell) would
be constructed at the same time under Alternative 7a. Therefore, the soil excavated to construct
the vitrification cell would have to be transported to the material staging area (MSA) until the
first portion of the operational facility became available, after which the soil would be
transported back to the cell area for disposal. .

An additional factor affecting estimated contaminant emissions for each alternative is
the rate at which soil would be transported from the TSA to the treatment facility. This rate
would be four times higher under Alternative 6a than under Alternative 7a (and Alternatives 7b
and 7c) during 9 months of the year. In response, a larger front-end loader would be used at
the TSA to support chemical treatment activities; this equipment would operate over a smaller
number of transport cycles with relatively lower particulate emission rates per volume of soil

. handled. Inaddition, chemical treatment operations and related transport activities would cease

during the winter months, whereas operations for the vitrification facility would continue year-
round. As a result, partlculate emissions from TSA activities would be higher under .
Alternative 7a. :

Source-receptor relationships and meteorological conditions would also contribute to .
differences in the concentrations of airborne and deposited particulates from contaminated
sources predicted for the two different treatment methods. On the basis of conceptual .
- engineering considerations, treated and untreated material were assumed to be relatively evenly

distributed between each of the three phases of the disposal cell under Alternative 6a, whereas
no untreated material would be placed in the third phase (i.e., the vitrification cell) under
Alternative 7a. This untreated material is the source of contaminated emissions associated with
waste placement activities, and, under Alternative 7a, its volume would be higher in the two
southern components of the disposal facility (which constitute the cell for material that would
-not be vitrified) compared with the same area (i.e., the first and second phases of the
combination cell) under Altermnative 6a (Chapter 5, Sections 5.2.3 and 5.3.3). Therefore, réceptors
located closest to this southern area of the disposal facility and in the direction of prevailing
winds during the scheduled placement activities would be exposed to higher levels of
contaminated particulates under Alternative 7a than under Alternative 6a. :

For example, the concentration of contaminated particulates resulting from cell activities
at the location of the on-site office worker would be higher under Alternative 7a than under
Alternative 6a because a greater volume of untreated material would be handled nearby at the
southern portions of the disposal facility. Similarly, the proximity of this receptor to the TSA
would result in higher concentrations of contaminated particulates under Alternative 7a because
of differences in emissions associated with soil transport activities at that area. In general, the
estimated concentrations of contaminated particulates would be higher under Alternative 7a for
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receptors located near the site, clockwise from the southeast to the northwest, because meteoro-

logical conditions at the site and the relative proximity to contaminated sources are expected to

~ -result in higher emissions. ' For the other receptor locations, the average concentrations of
~ contaminated particulates. over the exposure penod would generally be the same or slightly
' hxgher under Alternative 6a. . :

- C1.32 On-Site Stockpﬂe Operations

: " Contaminated material would be temporanly stockpxled at the TSA and the MSA after

-being removed from various source areas, pending the availability of the operatwnal treatment

facility and/or disposal cell. Clean material used to construct the disposal cell and to backfill

* excavated areas would be stockpiled at the construction material staging area within the MSA
~ and at other locahons near areas of specific backfill needs.

Both stockpiles and disturbed work areas would be subject to dust generation by wind

-erosion. The wind speeds measured at the site indicate that winds are probably not strong
. enough to cause significant erdsion (Section C.2). Therefore, a screening model was used to
}« ‘calculate potential impacts from wind erosion rather than developing detailed emission
" Tinventories for these sources. Using the emission factor for wind erosion given in Section C.3
'*and assuming a 0.1-ha (0.25-acre) stockpile area and a dust control efficiency of 50%, the
>max1mum annual and 24-hour PM-10 concentrations from wind erosion are predicted to be 4
"and 110 pg/m3, respectively, near the edge of the pile. These PM-10 concentrations decrease

' rapidly with distance from the source, e.g., 10% at 100 m (330 ft) and 0.2% at 1,000 m (3300 ft). '

- Although certain stockpiles are expected to be located near the site boundary, the impact of
+ fugitive dust releases on potential off-site receptors is expected to be minor because wind speeds
“ high enough to generate wind erosion would also mix the airborne parhculates ina large air
mass and thus would dilute the emissions, thereby offsetting the potentlal for impact from other
- possible on-site sources of fugitive dust.

. Dust control methods that would be considered as part of detailed design activities
include covering stockpiles with plastics or tarps. Spraying water and/or applying chemical
dust suppressant, especially during dry seasons, could also augment the suppression of fugitive

. dust emissions from wind erosion. In addition, emissions could be reduced by hauling material
* such as construction supplies for direct use when it was needed, thereby limiting stockpiling.

C.13.3 Off-Site 'Bommf Operations

A 61-ha (150-acre) area located across from Francis Howell High School is considered
. a potential representative source of borrow soil that would be used for backfilling areas
excavated_o_n-sxte and for constructing a disposal facility. If this location were selected, current
plans indicate that a dedicated haul route would be constructed along the south side of State

- Route 94 to provide access to the site.
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Excavating and transporting this clean borrow material:to the site could result in
elevated levels of fugitive dust at nearby receptor locations. The highest annual and maximum
-24-hour PM-10 concentrations at the high school, calculated by applying the rate currently
‘estimated for borrow operahons and assuming the same control measures as used on-site, are
estimated to beé 2.7 and 28 pg/m?>, respectively. These estimates were determined for a worst-
case day; in general, releases would be much lower. The major contributor to these
concentrations would be truck traffic on the unpaved haul route. Although winds from the
south prevail and the haul route would run close to the high school, the borrow soil operations
are expected to have only a minor impact on that receptor location because activities would
occur during daytime hours when the meteorological conditions are most favorable. As needed,
more stringent control measures could be applied, such as frequent water spraying, oiling, or
paving the haul road; alternatively, an enclosed, elevated conveyor system could be constructed
to transport the material across the highway. ‘

C.13.4 Traffic on Nearby Public Roads

The tnghest 24-hour and annual average partxculate concentrations for receptor.locations
from traffic on nearby paved public roads were predicted for both current conditions (usmg 1990
data) and conditions that would exist during the remedial action period (as represented by the
_ worst-year, 1995). Traffic volumes were estimated by extrapolating from historical traffic count
trends for these roads (Homer & Shifrin 1991), and they reflect the projected increase in traffic -
associated with cleanup activities at the site. Fugitive dust emissions on State Route 94, State
Route D, and a road to the Army property from Route 94 that runs along the southern boundary
of the site were estimated using emission factors for vehicle traffic on a paved road (taken from
Section.11.2.5 of AP42). These traffic volumes and emission rates were then input to the
CALINE3 model to assess the impact of road traffic on ambient air quality. Eshmated PM-10
concentrations from traffic sources at perimeter and nearby receptor locations are presented in
Table C.6. The increased concentrations result primarily from general traffic volume growth
projected for the paved public roads, whereas only a small increment is expected from traffic
associated with site activities. Estimated PM-10 concentrations at the main gate perimeter
location are relatively high, with highest 24-hour concentrations of 28 and 34 pg/ m? and annual
average concentrations of 9.4 and 12 pug/m? for current and future conditions, respectively.
. However, because this location is between the areas of general site activities and Route 94, the
impacts from site activities and traffic-related emissions from Route 94 are not expected to be
additive. At Francis Howell High School, the most populated of the nearby receptor locations,
impacts from estimated PM-10 concentrations are also expected to be minor, even when
considering the potential contribution of fugitive dust from the nearby borrow area.

- Comparing the levels estimated for the on-site office building with those for the main
gate perimeter location, concentrations decrease significantly with distance from the public roads;
therefore, impacts from road traffic to off-site receptors located some distance from the major
public roads are expected to be negligible. To reduce the potential impact associated with site
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- TABLE C.6 Estunated PM-10 Concentrahons from Traffic on Nearby Paved Publxc Roads

. for Current and Future Conditions?®

-

Current Conditions " Remedial Action Period

Maximum Annual ‘Maximum . Annual

. ~ 24-Hour Average 24-Hour Average

Location of Concentration  Concentration Concentration ~ Concentration

Potential Receptor (ng/m? (ug/md) (ng/md) (ug/m?
" Francis Howell High School 12 45 14 53
Highway maintenance facility- 12 o 41 14 ' . 50
On-site office building 5.1 16 o 62 - 18

Main gate guard post 23 . 94 34 12

South gate 69 : 24 80 28
North gate ' 9.1 ' 21 S v 24

&

workers near the emission sources. Although diesel engines installed in heavy equipment -

* Current conditions are npmmmd by traffic data for 1990; conditions for the remedial action period are
represented by estimates for 1995, the worst-case year for this analysns

. traffic on these roads, a dust control program could be unplemented durmg the remedial action
penod which might include the followmg ,

'» Minimizing releases from the tires, undercarriages, and cargo of vehicles
traveling to and from the site by cleaning the vehicles with water sprays
before they enter public roads and by covermg the cargo material (e.g.,

with tarps)

. Pavmg or oiling (with petroleum resin) the haul routes leadmg to the site;
-and '

"® Reducing road emissions by vacuum sweepmg and/or pressunzed water
flushing. ;
C.13.5° Heavy Equipment Operations

Fugitive dust emissions can result from operating heavy construction equipment such
as front-end loaders, bulldozers, and end-dump trucks, and these releases could impact on-site

-generally emit low levels of hydrocarbons and carbon monoxide, they can emit a larger amount
»of nitrogen oxides. In addition, diesel smoke produced under fuel-rich driving conditions

“contains small carbon particles that can adsorb carcinogenic polycyclic aromatic.hydrocarbons -

- produced during combustion. Compared with the amount of fugitive dust associated with

cleanup activities, however, the emissions from the exhaust of heavy equipment are expected
to be relatively small. Hence, emissions were estimated for a screening-level analysis using
information for a worst-case day.
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To estimate impacts associated with exhaust pipe emissions and fugitive dust
emissions, a front-end loader and a bulldozer were assumed to represent heavy equipment that
would be used for cleanup activities. The maximum air pollutant concentrations at hypothetical
receptors beyond the immediate work area are presented in Table C.7. These values were
calculated using the exhaust emission factors for a four-wheel front-end loader (Caterpillar 966E)
and the fugitive dust emission factors for a bulldozer (Caterpillar D6) at a fixed location, as
given by AP-42. Pollutant concentrations from exhaust pipe emissions at receptors located at
distances of 100 and 1,000. m (330 and 3,300 ft) from the source would be approximately 60 and -
2% of those listed in Table. C.7,and the concentrations would continue to decrease with distance.
Because of the ground-level or near-ground-level nature of the releases, pollutant concentrations

TABLE C.7 Estimated Concentrations of Air Pollutants from Heavy equpment '

Emissions B
" Maximum Maximum .
Concmtration Concentration Most
- from Exhaust from Dust Restrictive
Averaging  Pipe Etmssmns Emissions Standard®
Air Pollutant Period (ng/m) (ng/m®) (ng/m’)
Carbon mornoxide lhowr . 150 b 40,000
S g 8 hours 91 - 10,000
Nitrogen dioxide : 1 year 5 - 100
Particulate matter 24 hours 9 40 150
(PM-10) v 1 year 1 - 49 - 50
Sulfur oxides® 3hours 37 , - 1300
: : 24 hours 9 - 365
1 year 1 - 80
Lead -~ _ Calendar - - 15
' quarter - - o
. Ozone ' , 1hour - . - - ’ 235

@ Except for sulfur oxides, the most restrictive standards are primary air quality standards,
which are based on health considerations. The secondary standards for all but carbon
monoxide and sulfur oxides are the same as the primary standards. No secondary
standard has been identified for carbon monoxide or for sulfur oxides on a 24-hour and
annual average basis. For sulfur oxxdes, the 3-hour standard of 1,300 pg/ m? is the
secondary standard.

A hyphen indicates that the value was not estimated or is not apphcable
¢ Expressed as sulfur dioxide.
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from fugmve dust emissions would decrease with distance more rapidly than those from exhaust
emissions. In summary, the impact of releases from heavy equipment sources to off-site
receptors is expected to be negligible.

Control measures, such as usmg personal protective eqmpment .and conduchng
operations upwind of emission sources, would be implemented to minimize the exposures of -
workers who periodically might find themselves next to exhaust emissions. from heavy
equipment. In particular, if emissions from a front-end loader expected to be operated in and
around the volume reduction facility and sludge processing facility were to accumulate inside
the building, they could impact workers inside. Appropriate engineering controls would be
identified during the design phase of this remedial action to address this possibility.

C.2 METEOROLOGICAL DATA SUMMARY

Specific meteorological data used to model air quality include wind direction and speed,
- atmospheric stability, and mixing height. These parameters influence particulate transport and
.diffusion and are key inputs to modeling calculations. The following were considered as
scandidate meteorological data for input to the air quality modeling for the Weldon Spring site:
¢ Hourly wind direction, wind speed, and standard deviation of horizontal
wind direction fluctuation (o,) measured at a height of 10 m (33 ft) at the
site (i. e., the chemical plant area) from 1983 to 1985;

 Hourly surface measurements taken at Lambert-St. Louis International
Airport, a second-order National Weather Service station, from 1985 to
1989;

* Hourly wind direction and speed measured at Labadie Power Plant, both‘ ‘
10-m (33-ft) and 100-m (330-ft) towers, during 1985; and

¢ Twice-daily mixing helght at Salem, Ilinois (the nearest station at which
this parameter is determmed located 160 km (100 mi] east of the site),
during 1985.

"Detailed descriptions of these nearby momtonng locations and data charactensm:s are discussed
"in Lazaro (1989)

- The data selected for modehng air quality at the Weldon Spring site were 1985 surface

- meteorological data from the site and mixing height data from Salem, Lllinois (the latter data
-were not available from on-site measurements). Background information related to selecting

“these data and statistical summaries of the key meteorological parameters are addressed in

“Sections C.2.1 through C.2.5. The potential impacts of these factors on local air quality during
the remedial action period are also discussed.
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C.21 Data Representativeness

The reliability of air quality model predictions depends primarily on the accuracy and
representativeness of-the input data. Therefore, use of meteorological data that are most
representative of the area of interest is important to the accurate characterization of atmospheric
dispersion (i.e., the transport and diffusion of airborne releases) and the development of control
- strategies for mitigating such releases. The EPA guidance on air quality modeling (EPA 1986) -

recommends the following: (1) meteorological data used as input to a dispersion model should
be representative both spatially and temporally and (2) if 1 year or more (up to 5 years) of site-
"specific data are available, these data are preferred for use in the analysis.

The criterion of spatial representativeness addresses the collection of meteorological data
from a location both close to the sources and receptors of interest and in the same climatological
regime. Because meteorological data were collected at the Weldon Spring site for a period of
at least 1 year (1985), these data are obviously most representative of the area being modeled.

Wind roses determined at selected monitoring stations in the vicinity of the Weldon
Spring site for 1985 are shown in Figure C.3. The patterns of wind frequency distribution are .

similar for the site, the Lambert-St. Louis International Airport, and the 100-m (330-ft) tower at .

the Labadie Power Plant. The pattern at the Labadie Power Plant 10-m (33-ft) tower is
somewhat different, with a high frequency of winds from the northeast and the southwest; these
frequencies coincide with the bend of the Missouri River. (The power plant is located in the
river valley, which is relatively flat but has steep slopes; the local terrain can mgmﬁcantly affect
large-scale winds.) - The wind roses for the area of concern for this analysis indicate that
large-scale winds are pnmanly from the south and secondanly from the bearing between west
and northwest. Lo

, The criterion of temporal representativeness addresses the yearly and/or seasonal
variations in weather conditions. Meteorological data were collected at the site between April -
1983 and December 1985. The data-capture efficiencies for on-site measurements were about 92
and 98% for 1984 and 1985, respectively. On the basis of the EPA (1986) recommendation that
data recovery be 290%, both years of meteorological data are valid for modeling applications.
However, because of a weather incident that interrupted data collection during 1984, the
temporal representativeness of that year’s data was determined to be inadequate. In September
1984, lightning struck and damaged the on-site instrumentation, resulting in 20 consecutive days
over which data could not be collected. Thus, the seasonal characteristics for fall were distorted
such that the 1984 data are considered less appropriate than the 1985 data for use in the
modeling analysis. Therefore, only 1985 data were used for the analyses in this document.

To ensure that temporal variation was adequately considered, the on-site data for 1985
were compared with both on-site data for 1984 and nearby data for 1985 to 1989. As shown in
Figure C 4, the frequency distributions for wind direction at the site are similar for 1984 and
1985. These distributions are also similar to those measured at the airport from 1985 to 1989,
with slightly higher southerly winds and lower westerly winds (Figure C.3).
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In summary, the meteorological data collected at the site during 1985 are considered
both spatially and temporally representative. Therefore, these data were used to model air
quality at the Weldon Spring site. -

C.22 Wind Analysis

C221 Wind Direcﬁon and Speed

The prevaﬂmg wind direction at the Weldon Spnng site is from the south (Fxgures C3
and C.4). Winds from the south-southeast to south-southwest, inclusive, occur at a frequency
- of 32%, and those from the west to north, inclusive, occur at a frequency of 35%. Directional
wind speeds measured at the site range from 2.0 m/s from the east-northeast to 3.2 m/s from
the west-northwest, with an annual average of 27 m/s. This annual average wind speed is
lower than the speed of 4.7 m/s determined for Lambert-St. Louis International Airport. The
difference is attributable to surface friction effects resulting from the heavy vegetation and
relatwely rough terrain in the site vu:mxty (e-g., to the south toward the Missouri vaer)

From 1983 to 1985, a wind speed of 12 m/s was measm'ed only once at the Weldon

Spring site (in January 1984), by comparison, this speed was measured at a frequency of 1% at

* the airport (about 90 times per year) from 1985 through 1989. A wind speed of greater than

©.11 m/s is considered to represent the magnitude of the threshold velocity sufficient to cause
- wind erosion. Thus, on the basxs of site-specific data, wind erosion at the site is expected to be
very low. ' ,

Seasonal daytime and nighttirhe wind roses for the site are presented in Figurés C5and

. Cé. The only major difference between these wind patterns is that, year-round, directional wind -

- speeds are higher during the daytime. In general, winds from the west to northwest prevail in
the winter, and winds from the south prevail during the rest of the year. Except for the year-
‘round operation of the vitrification facility, cleanup activities at the site would be conducted
during a single daytime shift. Excavation activities are expected to stop during the 3 months of
_ winter each year because of inclement weather and ground conditions; for Alternative 6a, the
~ chemical treatment facility located near the raffinate pits (Section 5.2.2) would also cease

operations during the 3-month winter shutdown. Thus, most of the fugitive dust would be
- released from the site during the other 9 months of the year, when prevailing winds are from

the south. As a result, releases would generally be transported to the north, a direction in which

" No nearby receptors -are currently present (Figure C.2). For Alternative 7a, 7b, or 7c, the =
 Vitrification facility would be operated 24 hours per day, 365 days per year. ‘This facility would -

* have a 30-m (100-ft) stack and would be at the same location as the chemical treatment facxlxty
* for Alternative 6a. During winter operation of the vitrification facility, the prevailing winds from
" the west to the northwest would transport stack emissions to the southeast into the Weldon
" Spring Wildlife Area. Therefore, impacts to potenhal off-site receptors associated with
atmosphenc transport following airbome releases are expected to be minimal.

S e i o A et
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FIGURE C.5 Seasonal Daytime Wind Roses at the Weldon Spring Site, 1985

C.2.2.2 Wind Persistence

Air pollution episodes can occur when the wind direction remains constant over an
extended period of time. The frequency distribution of wind direction persistence at the site for
1985 is presented in Table C.8. This distribution indicates that the dominant southerly winds
persist for longer periods than those from any other direction; in one instance, the wind
remained invariant from the south for more than 25 hours. During 1985, westerly winds

 persisted once for 20 hours and west-southwesterly winds persisted once for 8 hours. Such

winds could potentially create a short-term impact at Francis Howell High School because of its

location relative to the site (Figure C.2). Winds that could impact the on-site office building are
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. FIGURE C.6 Seasonal Nighttime Wind Roses at the Weldon Spring Site, 1985

those that blow from the west-southwest and clockwise to the north-northeast. Of these, the
" longest persistence during 1985 occurred from the west for 20 hours, and the second longest
. persistence occurred from the west-northwest and northwest for 18 hours.

The. persistence of surface winds with slower speeds (e.g., 3.1 m/s) combined with
_persistent wind direction can be conducive to the accumulation of air pollutants. The frequency
-distribution of wind speed persistence at the Weldon Spring site for 1985 is summarized in
Table C.9. Wind speeds between 2 and 3 m/s occurred most often at the site, and they persisted :
for 2 consecutive hours approximately 50% of the year and for more than 25 consecutive hours ’
‘atotal of 16 times. Wind speeds of 1 m/s, the second highest value, persisted for 2 consecutive: .




TABLE C.8 Frequency Distribution of Persistent Wind Direction at the Weldon Spring Site, 1985

Prequency of Persistent Wind Direction®

Persistence ;

(hours) N NNE NE ENE B ESE SE SSB S sswW sw Wsw w WNW Nw NNwW Total
1 6.7 39 4.1 25 44 a3 5.5 75 159 9.1 44 43 8.0 71 74 5.9 100.0
2 5.1 2.6 29 15 32 19 37 5.4 136 68 24 2.6 61 49 53 40 ns
3 kX:) 19 2.0 08 23 11 25 37 114 5.1 12 14 47 37 37 26 518
4 29 1.1 1.5 04 17 0.7 18 25 98 . 38 0.7 1.0 36 29 26 17 , 386
5 19 0.7 12 03 12 04 1.2 18 82 29 . 0.6 0.7 238 23 1.7 09 , 287
6 1.7 05 09 01 1.0 03 0.7 13 63 21 03 04 22 19 1.6 07 217
7 13 04 05 0.0 1.0 02 04 08 49 1.5 02 03 1.7 14 13 04 163
8 0.7 0.2 05 0.0 0.7 01 02 0.7 44 12 0.2 01 1.6 11 1.1 04 131
9 0.6 0.1 05 0.0 0.7 0.0 01 0.5 38 1.0 0.0 0.0 1.5 11 09 03 11.1
10 04 01 02 0.0 0.7 0.0 01 03 31 0.5 0.0 0.0 1.5 0.7 08 0.1 85
n 0.2 01 00 0.0 0.7 0.0 0.1 03 28 05 00 0.0 13 0.6 08 01 7.6
12 02 01 0.0 0.0 0.6 0.0 01 01 23 02 0.0 0.0 11 04 0.7 0.0 5.8
13 02 00 00 00 04 0.0 0.0 0.0 1.6 02 0.0 00 09 0.2 0.5 0.0 41
11 02 0.0 00 0.0 04 0.0 00 0.0 1.6 0.2 0.0 0.0 09 02 04 0.0 39
15 02 00 00 0.0 04 0.0 0.0 0.0 14 0.2 00 0.0 0.6 0.2 02 0.0 33
16 0.0 0.0 0.0 0.0 03 0.0 00 0.0 13 0.2 00 0.0 04 0.2 02 0.0 26
17 0.0 0.0 00 0.0 03 00 00 0.0 13 0.2 0.0 0.0 04 0.2 02 0.0 26
18 0.0 0.0 0.0 00 03 0.0 0.0 0.0 11 02 0.0 0.0 02 02 0.2 0.0 2.2
19 00 0.0 0.0 00 03 0.0 0.0 00 11 0.0 00 0.0 0.2 0.0 0.0 0.0 1.5
20 0.0 0.0 00 0.0 03 0.0 0.0 0.0 11 0.0 00 0.0 0.2 0.0 00 00 15
21 0.0 00 00 0.0 03 0.0 0.0 0.0 08 0.0 00 0.0 0.0 0.0 0.0 0.0 11
22 00 0.0 0.0 0.0 03 0.0 0.0 0.0 08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1
23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 08 0.0 0.0 00 0.0 0.0 00 0.0 08
24 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.5 00 0.0 0.0 0.0 0.0 00 0.0 0.5

225 0.0 0.0. 0.0 0.0 0.0 0.0 0.0 0.0 - 05 - 00 00 00 0.0 0.0 0.0 0.0 . 05

® Frequency as percent of total measurements.

S€-D
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TABLE C.9 Wind Speed Persistence at the Weldon Spring Site, 1985.

i : ' Frecitiency by Wind Speed Class?

. Duration - ‘ o . B ,
(hours) Calm 1m/s 23m/s 45m/s. 68m/s. 91lm/s >11m/s . Total

05 29 518 208 38 02 0.0 100.0

1
2 02 211 - 494 188 33 0.1 0.0 928 .
3. 02 - 191 468 - 167 | 26 0.1 00 855
' 4 02 175 437 146 2.1 0.1 0.0 78.1
5 01 16.1 402 12.9 19 0.0 0.0 712
6 01. 15.1 368 109 16 00 0.0 64.4
7 .01 139 - 346 9.4 14 0.0 00 59.3
8 0.0 133 316 76 10 00 0.0 535
9 00 116 288 65 09 0.0 00 - 476
10 00 100 269 . 56 0.9 0.0 00 ' - 433
1 . 00 93 © 48 . 47 06 - 00 - 00 394
12 0.0 86 23 41 0.4 0.0 00 354
13 . 00 72 27 . 35 02 00 00 315
14 0.0 62 186 32 02 0.0 0.0 28.1
& 15 0.0 54 162 - 2.7 02 . 00 00 24.4
i 16 0.0 5.0 143 27 02 0.0 0.0 22
17 - 0.0 37 132 21 02 - 00 0.0 193
o8 0.0 31 115 17 02 . 0.0 0.0 16.6
19 00 29 10.4 17 02 0.0 0.0 153
' 20 0.0 23 102 17 02 0.0 0.0 144
21 00 23 97 11 L 00 00 - 00 13.1
2 00 - 18 95 08 00 . 00 0.0 121
23 00 . 1.6 85 08 00 . 00 0.0 109
24 0.0 16 82 03 0.0 0.0 00 101

225 00 - 13 6.9 03 00 - 00 0.0 84

3 Frequency as percent of total measurements.
. /

- hours approximately 21% of the year, whereas wind speeds greater than 9 m/s rarely occurred.

These data indicate that the persistence of winds with slower speeds at the site could potentially

: impact nearby receptors. However, these impacts are not expected to be significant because

*wind persistence in the direction of current off-site receptors is infrequent and cleanup activities

" “would be conducted during a single daytime shift, except at the vitrification facility. Because

. stack emissions would be limited by stringent engineering controls (Section C.3.4), even the year-
*round operation of this facility is not expected to impact local air quality.

C23 Atmospheric Stability

: The stability of the atmosphere is defined as its tendency to resist or enhance vertical
motion or to lessen or augment existing turbulence. The degree of atmospheric turbulence
depends largely on the vertical temperature gradient, and it can be affected to some extent by
surface roughness, wind speed, and wind shear. '
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Atmosphenc stability classes used in  air quality modeling are usually estunated by the
objective method of Turner (1964), which incorporates information on the amount of insolation,
cloud cover, cloud ceiling height, and 10-m (33-ft) wind speed. Because site-specific data are not
available for cloud cover and cloud ceiling height, on-site measurements of the standard
deviation of horizontal wind direction (g,) were used to determine the stability categories for
modeling air quality (see Lazaro [1989] for detailed estimation procedures). The site stability
class data were determined according to EPA methodology (EPA 1986), and the airport data
were evaluated with Turner’s method for the comparative analysis. The 1985 annual distri-
butions of stability classes at the site and Lambert-St. Louis International Airport (St. Louis

" Airport) are presented in Figure C.7. The distributions of stability classes at these two locations

have very similar patterns. In 1985, neutral conditions (Class D) occurred most frequently at the
Weldon Spring site, i.e., 53% of the time; stable conditions (Classes E and- F) and unstable
conditions (Classes A, B, and C) occurred 30 and 17% of the time, respectively. Stability

conditions are not expected to adversely impact air quality during the cleanup period because

most activities would be conducted during the day when Classes A through D predominate,
i.e,, when atmospheric dispersion is generally enhanced.

C.2.4 Diurnal Patterns of Wind Speed, Wind Direction, and Atmospheric Stability Class

" Diurnal patterns of wind speed, wind direction, and atmospheric stability class for the
site are presented in Table C.10; these patterns are based on the site-specific data for 1985.
Winds from the south were most frequent for all hours of the day. The daytime wind speed
averaged about 3 m/s, with a maximum of 3.4 m/s occurring between noon and 2 p.m. Neutral

(Class D) and shghtly stable (Class E) conditions were most frequent dunng the day and night, -

respecuvely

C.2.5 Mixing Height

Mixing height is the height above ground to which relatively unrestricted vertical

mixing can occur. When the mixing height is low just after sunrise, ground-level concentrations

of airborne contaminants are relatively high because of limited mixing. For this analysis, mixing
heights for the site were estimated from upper-air meteorological measurements taken twice

daily in 1985 at Salem, lllinois; the seasonal and annual moming and afternoon average mixing

heights for 1985 estimated from these data are presented in Figure C.8. The annual average

- mixing heights for moming and afternoon are 530 and 1,170 m (1,700 and 3,800 ft), respectively.

The lowest seasonal mixing helghts are 470 m (1,500 ft) for a fall morning and 790 m (2,600 ft)
for a winter afternoon.

Most of the emission sources associated with-remedial action activities at the Weldon
Spring site would be ground-level or near-ground-level nonbuoyant releases, and most cleanup
activities would begin after the mixing height had been considerably developed. Hence, mixing
height is considered an insignificant factor relative to potential pollutant concentrations that

would result from emissions generated by cleanup activities. However, mixing height could
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FIGURE C.7 Frequéncy Distribution of Atmospheric Stability Classes at the .
Weldon Spring Site and Lambert-St. Louis International Airport, 1985

- potentially play a significant role relative to stack emissions from the Qitriﬁcation facility. In the '

" early morning hours when the sun heats the land surface, the nighttime temperature inversion

is eroded from the ground surface upward and the mixing height can temporarily be quite low;

', this can cause an unfavorable atmospheric mixing condition known as fumigation. Under this

" condition, ground-level concentrations might be elevated in the immediate vicinity of the stack.

. Nevertheless, mixing height is not expected to adversely impact air quality because the off-gas

" treatment system is expected to efﬁcxently control stack emissions so that releases would be very
~ small.

C.3 METHODOLOGY FOR ESTIMATING PARTICULATE EMISSIONS

- Emissions from the various sources of- fugmve dust at the Weldon Spring site were
-estimated on the basis of (1) the types of remedial action activities being considered, (2) PM-10

- emission factors and source définitions, and (3) the types and efficiencies of engineering controls

* for reducing emissions. Emissions were not estimated in detail for criteria pollutants other than
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. TABLE C.10 Diurnal Patterns of Wind Direction, Speed, and
- 'Stability Class at the Weldon Spring Site, 1985 -

Average ‘ _
Local Most Frequent Wind Speed Most Frequent
Time Wind Direction -(m/s) © Stability Class
. Midnight S 23 - Slightly stable (E)
~lam. S 23 Slightly stable (E)
2am. S 23 - Slightly stable (E)
3 am. 5 23 Slightly stable (E)
4am. S 23 Slightly stable (E)
" 5am. S 22 Neutral (D)
6 am. S 22 Neutral (D)
7 a.m. S 25 . Neutral (D)
8 a.m. S 27 Neutral (D)
9 am. S 29 - Neutral (D)
10 a.m. ‘S 3.1 Neutral (D)
11 am. S 32 Neutral (D)
Noon = - S 34 Neutral (D)
. lpm S . 34 Neutral (D)
- 2p.m ‘S 34 Neutral (D)
3pm S 33 Neutral (D)
-4 pm. S 32 Neutral (D)
5 p.m. S 29 Neutral (D)
6 pm SSE 26 Neutral (D)
7 pom S 23 Neutral (D)
8 pm. 'S 22 Slightly stable (E)
9 p.m. S 22 .. Slightly stable (E)
10 p.m. s 23 Slightly stable (E)
11 p.m. S 22 Slightly stable (E)

PM-10 (e.g., for those pollutants that could be released from the stack of the vitrification facility
or from the exhaust pipes of heavy construction equipment) because they would be negligible
compared with dust emissions. Therefore, screening-level model calculations were developed
for those pollutants to provide an indication of their impacts on local air quality (Section C.1.3).

The potential fugitive dust sources associated with cleanup activities at the site are

identified in Section C.3.1. Emission rates were characterized for each source area to (1) evaluate -

the activities that would contribute most significantly to fugitive dust emissions, (2) support the
risk assessment for the remedial action period and the evaluation of short-term effectiveness for
the final alternatives, and (3) identify the appropriate locations for and types of dust control
measures. The emission factors and the extent of the source areas used to develop the
uncontrolled PM-10 emission inventory are discussed in Sections C.3.2 and C.3.3, respectively.
The estimated PM-10 emission inventories for Altemahves 6a and 7a are presented .in Sec-
tion C.3.4. Conventional dust control measures expected to be used during the remedial action
period are discussed in Section C.3.5. o
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~ C3.1 Remedial Action Activities
During the cleanup> period, fugitive dust releases could result from the following;:

 Operation of heavy equipment at each activity area, e.g., for excavating,
scraping, grading, and compacting;

* Loading and unloading.of material at each source area and at st_aging areas
and stockpiles; ' . . m ;.

* Transportation of waste from a contaminated area to a staging or treatment
area, as appropriate, with final transportation to the disposal cell;
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* Operation of treatment facilities, including material handling, preparation,
and treatment activities at the sludge processing facility and the volume
- reduction fac;lnty, S

J Dlsmantlmg of temporary famhtxes,

* Placement of waste in the dlsposal cell including dumping, grading, and
compactmg,

» Wind erosion at exposed work areas and stockpiles of contaminated soil
or uncontaminated construction and backfill material; and '

* Miscellaneous transportation, such as operation of worker/visitor and
supply vehicles and road maintenance activities such as grading.

General assumptions for emission inventories and air quality modeling were made on -
the basis of preliminary engineering information developed for site-specific cleanup activitiesby
MK-Ferguson Company and Jacobs Engineering Group (1992). This information includes
processing rates and expected equipment selections for each activity, as determined from factors

_ such as material type and thickness, moisture content, and haul distance. The following ba51c' :

assumphons have been used in the air pathway modeling for the Weldon Spring site: .

. Operatmg Time: Cleanup activities for each source area would be
conducted independently; these activities would occur during one 8-hour
shift per day, 5 days per week, 20 days per month, over a 9-month work

 year, with 3 months of winter shutdown to account for inclement weather
and equipment maintenance unless otherwise noted. The exceptions
related to vitrification operations are (1) the vitrification process would
operate 24 hours per day, 365 days per year; (2) contaminated soil would

* be delivered to the treatment facility 8 hours per day, 20 days per month;
12 months per year (with stockpiling in an enclosed container); and
(3) sludge would be dredged and pumped from the raffinate pits to the
facility 8 hours per day, 20 days per month, 10 months per year.

o Waste to the Sludge Processing Facility: Sludge would be dredged 'and
pumped as a slurry directly from the raffinate pits to the sludge processing
facility for treatment. After the sludge was removed from the pits, the
contaminated soil around and beneath the pits that is targeted for
treatment (e.g.; the embankment soil and clay bottom material) would be
removed with conventional excavation equipment and transported to the
TSA for stockpiling with the quarry soil. Soil would be transferred by a

* front-end loader from the TSA to the sludge processing facility for
treatment. . '
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e Swell Factor:  The volume of excavated material was assumed to increase ‘ .p
by 20% over the in-place volume as a result of natural loosening and
'fluffing.” However, no swell factor was applxed to the sludge dredged - i
_ from the raffinate pits because of its comparatwely hxgh water content (70 '
to 80% by welght) '
. ot
* - Characteristics of Treated Material: Cém’pared with the initial waste
material, the volume and weight of chemically treated material were
assumed to increase by about 30 and 60%, respectively. This material
would resemble a grout-like mixture and would have an initial
moisture content of more than 30%. The volume and weight of
vitrified material were assumed to decrease by about 70% and 50%,
- respectively. The vitrified product would be in the form of fritted
.glass. Handling these treatment products is not expected to result in
fugitive dust emissions. .

* Stockpiling: Stockpi]ing wduld be minimized to the maximum extent *
- practicable, eg by optumzmg and planmngmadvance for material needs.

s Gate Entry Additives for chenucal stabilization, off-51te borrow matenal o S
for backfill, topsoil for seeding beds, and construction material for thecel = - : j
- would be delivered to the site through existing gates, e.g., the north gate. .

e Access Roads: The access roads used to connect State Route 94 to the site
would be paved, and on-site haul routes would be covered with crushed
limestone. '

* Truck Haulage The estimated number of truckloads is based on the total |
volume of material that would have to be hauled, assuming an average
cargo density of about 1.5 g/cm?; the primary haul vehicle would be an
8-m* (10-yd*) end-dump truck. |

s Miscellaneous Transport: stcellaneous transport would occur daily to

' accommodate workers and visitors and to transfer supplies and other
material between on-site areas; eight round trips are estimated for worker/
visitor vehicles, two for supply trucks (e.g., for fuel and lubrication oil),

four for a water truck, and one for a road grader. '

Emission factors and the extent of source areas for the actxvxhes "described above are
- ‘addressed in Sections C:3.2 and C3.3, respechvely :

C.3.2 Emission Factors"

Emission factors were estimated from standard reference sources (EPA 1985-1988, (]]. ;
1989a), equipment specifications provided in the Caterpillar Performance Handbook (Caterpillar ‘
1989), and professional engineering judgment. The conventional construction equipment that
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would probably be uséd was iden_tiﬁed on the basis of conceptual project planning informatioﬁ

(MK-Environmental Services 1990; Morrison-Knudsen Company 1991; MK-Ferguson Company

and Jacobs Engineering Group 1992). The emission factors estimated for the various remedial

action activities are presented in Table C.11. The parameters used to estimate uncontrolled
emissions for specific cleanup operations are described in the Section C.3.2.1.

C.3.2.1 Input Parameters"

The basic input parameters used to estimate emission factors for material handling

activities such as excavating, dumping, grading, and hauling include silt content, moisture
content, mean wind speed, vehicle speed and other climatic data. The specific input parameters
used in this analysxs were: :

e Silt Content: The contaminated soil on-site and the uncontaminated borrow
soil off-site consist primarily of silt and clay, which are relatively fine
particles. Results of a site geotechnical survey indicated that the silt
‘content of soil ‘at and around the site ranges from 65 to 75%. However,
this value must be adjusted to account for the effects of cohesion and the '
plasticity of fine particles under field conditions, as supported by site

. analyses (Grozescu 1991). Using a site-specific adjustment factor, a silt
content of 30% was derived for this analysis. Haul roads were assumed
to be covered with crushed limestone, for which the typical silt content of

. 9.6% was assumed (Section 11.2.1 of AP-42). '

e Moisture Content: The geotechnical survey also determined that the
moisture content of on-site and off-site soil can vary from 14 to 20% and
higher; an average value of 17% was assumed for this analysis (Grozescu
1991). A value of 40% was used for the moisture content of Frog Pond
sediment, and the water content of the raffinate pit sludge was determined
to be 73% (MK-Environmental Services 1990).

o Vehicle Speed: An average vehicle speed of 16 km/h (10 mph) was
assumed for haulage and delivery trucks at the site; a mean vehicle speed
of 40 km/h (25 mph) was assumed for worker/visitor transport vehicles;

" and a mean vehicular speed of 8 km/h (5 mph) was assumed for the front-
end loader, road grader, and water-spraying truck used for dust control.

* Mean Wind Speed: A mean wind speed of 4.2 m/s has been identified for
the St. Louis area (Cowherd et al. 1985). This value was used to calculate
wind-driven emissions from dumping operations and from moving -
uncovered truckbeds.




TABLE C.11 Uncontrolled PM-10 Emission Factors Used to Deirelo‘p Emissit;t_i Inventories

0.75

Emissfon Source : : Emission _
Category Equipment® - Capacity Material Handled® Factor Unit*
Chemical treatment Pug mill mixer 140 tons/h? - Soil and sludge 0.1 Ib/ton
Vitrification Fossil fuel-heated ceramic melter 200 tohs/dd Soil and sludge 0.023% Ib/d
Volume reduction Impact crusher (200 hp) . ' _
o Rotary shear (200 hp) } Rock and structural material - 0.017 Ib/ton
Compactor (10 hp) ' '
Excavation Bulldozer/Caterpillar D6, D8 General 2.33f b/h
Bulldozer/Caterpillar D6, D8 : Sediment 0.70 ib/h -
Front-end loader/Caterpillar 916 11 tons General 151 Ib/VMT® -
Front-end loader/Caterpillar 936 15 tons - " General 194 Ib/VMT - -
Front-end loader/Caterpillar 966 25 tons _ General 276 Ib/VMT
v Scraping (travel mode) - Scrapér/Caterpillar 613 23 tons . Soil 1.08 1b/VMT
: Scraper/Caterpillar 631 67 tons Soil . 5.53 Ib/VMT
Dumping" End-dump truck/Ford F800  General o 00012 . -Ib/ton
: Sediment 0.0004 1b/ton
Grading - Grader/Caterpillar 12G General 0.77 . Ib/VMT
Compaction Comipactor/Raygo 400, 600 - General - 117 b/h
_ ' Sediment 035 Ib/h
Fa‘cility dismantlement Crane, bullﬂozer/Caterpillar Dé Structural material 0.0025 Ib/ton
Debris loading End-dump truck/Ford F§00 Structural material 00025  Ib/ton
- Debris bulldozing Bulldozer/Caterpillar D6 Structural material ' Ib/h -

e e et i et A

i 2 a®]




TABLE C.11 (Cont.)

Emission Source ’ . _ : o ' Emission
" Category . Equipment® Capacity Material Handled® _ Factor Unit¢
Vehicular traffic ' End-dump truck/Ford F800 10 yd® " General ' 256 Ib/VMT
on unpaved road Front-end loader/Caterpillar 916 11 tons General 0.48 1b/VMT
Front-end loader/Caterpillar 966 25 tons General : 088 1b/VMT
Worker/visitor vehicle . Not applicable ) 099 Ib/VMT
Supply truck - Fuel, lubrication oil 0.54 b/ VMT
Supply truck : : _ Fly ash and cement 406 Ib/VMT
Water truck _ . Water for dust control 1.19 - |b/VMT
Uncovered truckbed or End-dump truck or front-end loader - General 0.001 lb/ydz-h
front-end loader bed :
Wind erosion ~ +Not applicable General 9.84 " Ib/d-acre

* Represents the types of standard equipment that could be used for various cleanup activities; Caterpillar is a product of Caterpillar Company
(Caterpillar, Inc. 1989), Raygo is a product of Raygo Company (MK-Ferguson Company and Jacobs Engineering Group 1992), and Ford is a
product of Ford Motor Company (MK-Ferguson Company and Jacobs Engineering Group 1992).

[Y o)

"General’ means general handling of soil and process material, unless otherwise noted.

The designation Ib/ton means pounds emitted per ton of matenal processed; Ib/d = pounds emitted per day; the combinations of pounds (Ib)
with other units are s:mnlarly defined. .

Site-specific design capacnty

Refers to the controlled emission factor; an emission factor for uncontrolled operahons was not estimated because these operations would be
controlled at the site. .

Half the given emission factor is applied for the backhoe and front-shovel operations.
8 VMT = vehicle-miles traveled.

Refers to dumpihg onto a receiving surface such as a truckbed, staging area, processing bin, or disposal cell.
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e Other Climatic Data: The number of days with at least 0.01 inches of.
precipitation per year — defined as the climatic correction factor — was

assumed to be 110.on the basis of information avaxlable for the St Louis
area (from Figure 11.2.1-1 of AP-42).

Fugmve dust is not expected to be generated by dredgmg the raffinate pit sludge
because the sludge has a high water content (73%). Similarly, because of the solid form of the
‘treated product resulting from either chemical stabilization/solidification or vitrification (grout

~ or glass, respectively), emissions from handling would essentially be insignificant.

S The moisture and silt contents of on-site soil are relatively high compared with the
ranges of source conditions tested in developing the EPA emission factor equations (e.g., in
AP-42). To avoid deriving unreasonable values from the emission factor equations because of
inconsistent assumptions, certain adjustments were made to these values, as described in
Sections C.3.2.2 through C.3.2.13. Additional parameters related to specific matenal-handhng
activities are also dxscussed : :

% | €322 Chemical Stabilization/Solidification
& Fugitive dust emissions associated with the chemical stabilization/solidification process
-- could result from storing raw material (such as fly ash or cement), preparing binding agents,
¢ loading waste and binding agents into the mixer, and discharging the stabilized material from
~ the mixer into the fill bin. A standard emission factor is not available for this specific process;
therefore, chemical stabilization/solidification was conservatxvely assumed to be similar to the
© process at a concrete batching: plant, which also involves mixing with fly ash, cement, or lime-
“ kiln dust and for which an emission factor is available (EPA 1989a). A single-value emission
factor was adopted for total suspended particulates (TSP) to provide an overall estimate of
" PM-10 emissions for all activities at the sludge processing facility, ranging from material transfer
(e.g., from the storage piles to the treatment system) to discharge of the final product. Use of
this emission factor as the value for PM-10 is conservative because (1) PM-10 represents a
fraction of the TSP and (2) emission controls that are not applied at a typical concrete batching
plant — at which material is uncontaminated — would certainly be applied at the chemical
- treatment facility because contaminated material would be involved.

C.3.2.3 Vitrification

The PM-10 emission factor for the vitrification process was estimated on the basis of
vendor information, test results, and data from a literature survey (MK-Ferguson Company and
Jacobs Engineering Group 1992). In addition, emissions of metals were included in the estimated
total PM-10 emission factor, assuming that most metals would be condensed onto particles in
the off-gas stream. An uncontrolled emission factor was not estimated because operations would
be controlled. For example, contaminated material would be transferred in enclosed systems and
the off gas would pass through air pollution control devices. Other emission factors for activities
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such as material loading/ unloadmg and vehicular traffic in the facility are addressed in the
following discussions.

C.32.4 Volume Reduction

Both on-site and off-site disposal alternatives would. include volume reduction
operations, primarily to decrease the volume and size of rock and structural material from the
MSA and TSA. No appropriate emission factors are currently available for this type of operation
as it would be applied at the site. Thus, the single-value emission factor developed for crushing
operations of primary or secondary dry materials, given in Sectxon 8.19.2 of AP42, was used for
this analysis..

C.3.2.5 Excavation

During the remedial action period, soil and some sediment would be excavated from
contaminated areas (e.g., Ash Pond) and from uncontaminated locations to be used for staging
areas or for construction of temporary facilities. Standard excavation equipment that is expected
to be used includes bulldozers, backhoes, front shovels, wheeled front-end loaders, and scrapers.

The specific equipment used for a given activity at a given area would depend on the physical

characteristics of the material being handled. Input for the silt and moisture content of the
material that would be handled at the site is addressed in Section C.3.2.1.

: Ermsswn factors for the excavation eqmpment were based on the pred1ct1ve equation
‘ for the bulldozer emission factor given in Section 8.24 of AP-42. Because similar factors are not

available for a backhoe or front shovel, the factors for this equipment were assumed to be half

that developed for a bulldozer (Menlove 1991). This reflects the nature of the activities at the
site, which would consist primarily of picking up the soil displaced by a bulldozer and dumping
.it onto a truckbed rather than excavating the soil. Front-end loader activities were assumed to
be limited to (1) moving material around piles that have previously been placed (e.g., at the TSA
and construction material staging area), (2) operations at the volume reduction facility, and
(3) hauling contaminated- soil from the TSA to the sludge processing facility for treatment
(Section C.3.2.11.) The majority of uncontrolled emissions from front-end loader activity would
be generated by vehicle travel over unpaved surfaces. Because no emission factor is available
for front-end-loader activity, the value identified for unpaved road traffic in Section 11.2.1 of
AP-42 was used, in combination with the value for silt content previously identified for site soil.
It was assumed that a four-wheel front-end loader would be operated at a speed of 8 km/h
(5 mph). Emission factors for scrapers operating in the travel mode are given in Section C.3.2.6.

C.3.2.6 Scraping

Scraping involves removing material from the ground surface and moving it a short
haul distance. Scrapers could be used for backfilling the raffinate pits and constructing the
disposal cell: The predictive emission factor for scraping in the travel mode was taken from
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‘Section 8.24 of AP42. The input parameters for this equation include the material silt content

- (Section C.3.2.1) and mean vehicle weight; the equation used to develop this factor does not take

into account the effect of moisture content. To avoid deriving an unreasonable emission factor
for site soil having a relatively high moisture content compared with values used in the

equations to derive emission factors, the moisture term in the emission factor for bulldozer
- overburden operatxons given in Section 8.24 of AP-42 was mcorporated into this analysis.

C.32.7 Dumping

Dﬁmping includes loading into an end-dump truck, unloading from the truck onto a

temporary pile, as appropriate, and unloading into the disposal cell. The emission factor used

-t

for aggregate handling and storage piles was taken from Section 11.2.3 of AP-42. These -

emissions are affected by the moisture content of the material being transferred and the average
wind speed. Silt content is an additional factor that would affect emissions from dumping
activities at the site, but the standard equation does not include a parameter for this component.
Thus, similar to the approach applied for the scraping calculations, a correction term was
incorporated for silt content; the value from butldozer operations for overburden was used for

# this analysis.

'C32.8 Grading

Gradmg would be conducted to level the material placed in the disposal cell, the backfill

. . and topsoil material placed in restored areas, and the unpaved roads used for various transport
.. activities. The predictive emission factor for grading was taken from Section 8.24 of AP-42. The

only variable for this factor is the mean grader speed, for which a value of 8 km/h 6 mph) was

-used for this analysis (Menlove 1991).

C.3.2.9A Compacting

Grading is typically followed b& compacting, which is used to increase the weight per

unit volume and the bearing capacity of material in place. An emission factor has not been
* developed for this activity; therefore, the factor for thxs actxv1ty was assumed to be 50% of that
, for bulldozers (Menlove 1990). :

C3.2.10 Debris-Related Operations

Debris from the dismantled site structures, building foundations, and equipment would

" be transported to the. volume reduction facility as part of site cleanup activities. The emission

factors for related activities were determined from the emission factor equations recommended
by the EPA (1988, Section 5.1.2); this guidance addresses mechanical or explosive dismember-
ment, debris loading, and pushing (bulldozing) operations. The EPA recommends that default

- values be used whenever possible because information such as silt content and moisture content

 is generally unavailable for concrete. To minimize fugitive dust emissions, it is expected that,.
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prior to treatment at the volume reduction facility, concrete building material at the site would
be handled in chunks rather than as small particles. The following debris-related operahons are
_ addressed in this analysis: .

* Dismantlement: Dismantlement activities, e.g., for storage or treatment
facilities following completion of cleanup activities, were addressed on the
basis of information for materials handling operations given in
Section 11.2.3 of AP-42; a default matenal moisture content of 2% was used
for this analysis.

* Debris Loading: -The emission factor for debris loading was determined

from two tests in which trucks were filled with crushed limestone by a

~ front-end loader; this is part of the test basis for the batch drop equation

presented in Section 11.2.3 of AP42. The emission factor for this operation

is about 10 times higher than that for dismantlement. Because the expected

handling of concrete building material differs from the activities for which

the emission factors were derived and would be more similar to that

associated with dismantling activities, the emission factor for debris
loading was assumed to be the same as that for dismantlement.

* Pushing (Bulldozing) Operations: The emission factor equations for
bulldozing overburden given in Section 8.24 of AP-42 were used for this
analysis.- Because no values are currently available for the particle size
distribution and moisture content of structural debris, default values of 6.9
and 7.9% were used in the equation for silt and moisture content, -
respectively; these values were taken from Table 8.24-3 of AP-42.

- C3211 Unpaved Road Traffic

“Vehicle transport on unpaved roads "would mvolve 8-m> (10-yd?) end-dump trucks,
several supply trucks, water trucks, a road grader, and worker/visitor passenger vehicles. In
addition, contaminated soil excavated from the raffinate pits and quarry and stored temporarily
at the TSA would be transferred by a front-end loader to the sludge processing facility for
treatment, and emissions associated with this activity would be similar to those for travel on
unpaved roads. The predictive emission factor equation for travel on unpaved roads was taken
from Section 11.2.1 of AP42. This factor is affected by the silt content of the road aggregate, the
characteristics of the vehicle (such as vehicle weight, number of wheels, and operating speed),
and the number of dry days per year. A four-wheel front-end loader was assumed to be
operated at a speed of 8 km/h (5 mph) (Section C.3.2.5). For worker/visitor transport, a nine-
passenger vehicle with four wheels and weighing 3 tons was assumed to be operated at an
average speed of 40 km/h (25 mph). A 3.5-ton supply truck with six wheels would be used to
deliver material such as fuel, lubrication oil, and water to work sites; this vehicle was assumed
to be operated at an average speed of 16 km/h (10 mph). A 29-ton tanker truck with 18 wheels,
operating at an average speed of 16 km/h (10 mph), would be used to deliver raw materials
such as fly ash and cement to the sludge processing fac1hty for chemical treatment. A 10-wheel
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water truck welghmg 20 tons was assumed to be operated at an average speed of 8 km/h
.'(5 mph) to spray water on unpaved haul routes to control fugitive dust ezmssxons
.’il’ :

C.32.12 Uncovered Truckbeds

The emission factor for an uncovered. truckbed was taken from EPA guidance (EPA
1989a). Because no measurement is available for this emission source, the EPA conservatively
applies the same value developed for an active storage pile. The input parameters in the

‘emission factor equation are the average wind speed and vehicle speed. -

- €32.13 Wind Erosion from Continuously Active Piles

Active storage piles would be used to store (1) aggregate, sand, and gravel at the
construction material staging area and (2) soil excavated from the quarry and the raffinate pits
at the TSA. Windblown dust emissions could be generated from these piles and from exposed

"work areas. The emission factor equation from EPA guidance (EPA 1988, Section 4.1.3) was used
#to estimate related emissions. Input parameters to this equation include silt content, number of

; dry days per year, and percentage of time that the unobstructed wind speed exceeds 54 m/s

(12 mph) at the mean pile height. - Contributions resulting from wind erosion were evaluated ;

mth a screenmg-level calculatlon (Sechon C.1.3.2).

C.3.3 Source Definition

Each source area associated with site cleanup activities was defined relative to potential

fugitive dust generation so that the estimated emission factors could be converted to .

uncontrolled emission rates. General assumptions for the emission factors are discussed in
Section C.1. These source definitions were determined from (1) the optimum daily processing
rates of heavy equipment expected to be used, (2) the expected types of equipment and the

conceptual scheduling and sequencing of activities, (3) the estimated volumes and densities of -

material to be handled (Table 2.3), and (4) a conceptual description of the haul routes. Detailed
information on these topics is given in the following references: Caterpillar. (1989),
* MK-Environmental Services (1990), Morrison-Knudsen Company (1991), and MI(-Ferguson
» Company and Jacobs Engineering Group (1992). ‘

: The emission sources addressed in this analysis can generally be defmed in terms of
three factors: (1) the total mass of material handled, (2) the total number of actwlty hours (e.g.,

_ for bulldozing), and (3) the total number of vehicle-miles traveled (e.g., by end-dump trucks).:
" For the first factor, the total mass of the material being handled was determined from its
_estimated volume and density. For the second factor, the average production rate for a given
piece of equipment was estimated from the Caterpillar Performance Handbook (Caterpillar 1989);
the volume of material handled was then divided by this production rate to determine the total

~ number of hours needed for the specific activity. For the third factor, the total vehicle-miles

traveled was determined by summing the distances traveled along the appropriate haul routes
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- for each vehicle involved in  the activity. The distances and numbers of trips associated with
each activity were estimated on the basis of preliminary engineering information for the site. .
Projected haul routes that connect the centers of the various source and transfer locations and
reasonable haul cycles were developed for the basic cleanup activities (MK-Environmental
Services 1990). The number of trips was calculated by dividing the total volume of material to
be transported by the capacity of the vehicle (e.g., end—dump truck)

C.3.4 Emission Inventories

' The values determined for emission factors and source definitions were used to estimate
emission rates, which were then summed to predict a total PM-10 emission rate from which
average daily emission rates could be derived. The estimated uncontrolled PM-10 emission
inventories for the cleanup activities being considered for the site under Alternative 6a (chemical
stabilization/solidification with on-site disposal) are presented in Table C.12; those for
Alternative 7a (vitrification with on-site disposal) are presented in Table C.13. Controlled
emission inventories were estimated by introducing conventional dust control measures

- (Section C.3.5); these inventories are also shown in the tables.

Although the contaminated PM-10 emissions for the vitrification alternatives are shghtly
higher than those for the :chemical stabilization/solidification alternative, the total PM-10
emissions — i.e., those from both contaminated and uncontaminated sources — are lower. The .
difference ‘in the total particulate emissions is due to the smaller volume of the treated product
that would require transport for final disposal and the reduced construction effort that would

be required for the smaller disposal facility, including lower requirements for borrow soil.

C.3.5 Dust Control Measures

. Measures to control fugitive dust emissions were developed to address air quality
standards and to identify activities and areas at which controls could be applied to minimize
potential exposures of on-site workers and off-site receptors to respirable particulates. The
conventional dust control measures expected to be used at the Weldon Spring site during the
remedial action period are summarized in Table C.14. ‘

The sludge processing facility would be designed and operated in a manner that would
minimize airborne emissions. This could include sealing individual process equipment,
enclosing the entire facility, installing air filtration equipment, and maintaining the sludge and
soil in a wet condition (e.g., both when transferred to the treatment facility and as the initial
product of chemical stabilization/solidification). Estimated control efficiencies for the enclosure
of railcar unloading stations, conveyors, and conveyor transfer stations range from 70 to 99%
compared with the uncontrolled case, depending on the level of enclosure and whether a bag
filter is installed (EPA 1978). On the basis of this information, an average control efficiency of
85% was assumed for an enclosed sludge processing facility. A
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TABLE C.12 Estimated PM-IO Fuguive Dust Emission Inventories at the Weldon Spnng Site
for Alternative 6a, Chenucal Stabxlizahon/Solidiﬁcauon

Total

-Estimated Peak

Total
Uncontrolled  Controlled Controlled
' Emissions Emissions = Emission Rates
Emission Source® (tons) (tons) (ib/d)
Raffinate Pits
Chemical stabxhutxon/ solidification at SPF 31 4.6 12
""Excavation® .
Contaminated soil to be mted 0.78 0.39 8.6
- Other soil 19 0.92 86
Rubble -0 01 0.00° 0.7
Dumping or dumpxng, gradmg, and compaction _
Contaminated soil at TSA 0.05 0.02 0.5
- Other soil at disposal cell 23 1.2 11
Truck transport! ' -
- Stabilized material (SPF to disposal cell) 45 14 35
Contaminated soil (raffinate pits to TSA) 79 24 52
_ Other soil (raffinate pits to disposal cell) 23 7.0 65
Rubble (raffinate pits to MSA debris staging area8) 0.12 0.04 6.0
Raw material (entry gate to SPF) 12 - 37 9.3
Off-site borrow for backfill (entry gate to rafﬁnate pits) 12 36 63.
Backfill :
Off-site borrow ’ 20 0.98 17
Berm fill - 3.1 16 7B
Miscellaneous transport 6.2 19 41
Subtotal 150 Q2 140"
Ash Pond
Soil excavation 0.19 0.0 8.8
. Dumping, grading, and compaction at dxsposal cell 0.24 012 1
Truck transport (Ash Pond to dxsposal cell)- 1.7 - 0.52 48
Miscellaneous transport _ : 0.14 0.04 40
Subtotal 23 0.77 72
Frog Pond
_ Soil excavation 0.04 0.04 54
Dumping, grading, and compachon at dxsposal cell 0.08 0.06 8.2
Truck transport (Frog Pond to disposal cell) 1.2 037 53
Miscellaneous transport 0.10 0.03 44
- Subtotal \ 18 049 71
North Dump
. Soil excavation - 0.12 0.06 88
- Dumping at MSA ‘soil stagmg area 0.01 0.00 0.5
. Truck transport (North Dump to MSA soil stagmg ama) 14 041 61 -
_ ‘Miscellaneous transport 0.11. -0.03 5.1
Subtotal 1.6 0.50 s
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TABLE C.12 (Cont.)

. Total Total Estimated Peak
Uncontrolled  Controlled Controlled
Emissions Emissions Emission Rates
Emission Source® (tons) (tons) (lb/d)
South Dump
Soil excavation i 0.26 0.13 88
Dumping, grading, and compaction at disposal cell 033 0.16 un
Truck transport (South Dump to disposal cell) 23 069 46
‘Miscellaneous transport 0.19 0.06 38
Subtotal 31 1.0 70
Temporary Storage Ana, MSA Soil Staging Area, and Mulck Pile
Front-end loader activity at ‘I’SAd
Contaminated soil for treatment 15 036 23
Building and equipment debris 0.19. 0.05 13
Excavation . .
Miscellaneous soil at TSA 0.17 0.06 87
Soil at MSA soil staging area 14 0.69 13
Clear and grub material at mulch pile 0.85 042 13
Dumping, grading, and compaction at disposal cell s
Miscellaneous soil from TSA 0.12 0.06 88
Soil from MSA soil staging area 0.94 0.47 8.8
Clear and grub material from mulch pile 058 029 - 838
Front-end loader soil transport (TSA to SPF) 38 11 71
Truck transport .
Building and equipment debris (TSA to MSA debris 74 22 - 61
staging areaf) |
Miscellaneous soil (TSA to disposal cell) . - 11 033 48
Soil (MSA soil staging area to disposal cell) 60 18 34
Clear and grub material (mulch pile to disposal cell) 44 13 39
Miscellaneous transport : 2.0 0.59 62
Subtotal 30 9.8 74
Busch Lakes 34, 35, and 36 .
Excavation 0.80 0.40 27
Dumping, grading, and compaction at dxsposal cell 0.39 020 13 .
Truck transport (lakes to dlsposal cellj 1 33 260
Grading and reclamation 0.11 - 0.06 38
Miscellaneous transport 0.76 024 -18
Subtotal - 13 41 320
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TABLE C.12 (Cont.)

Total Total Estimated Peak
Uncontrolled ~ Controlled Controlled
Emissions =~ Emissions Emission Rates
Emission Source® : (tons) (tons) ~ (b/d)
Dismantlement of Building, Pipes, and Sewers'
. Building dismantiement , ‘ ' 11 057 - .58
. Excavation . . : .
Soil beneath b\.nldmgs ’ : 12 0.60 . 22
Soil around pipes and sewers - ' 0.48 0.24 11
Dumping or dumping, grading, and compaction
Building debris at MSA debris staging areab 0.10 0.05 05
Soil beneath buildings at MSA soil staging area : 0.01 D) 11
(Phase ]) ) - '
Soil beneath buildings at disposal cell (Phass_ I and ITY 0.99 - 0.49 24
Soil around pipes and sewers at MSA soil staging area 0.02 0.01 " 04
Truck transport - : . :
Building debris (demolmon area to MSA debris o 44 13 14
staging area$) - . :
. Soil beneath buxldmgs (demolition area toMSA 27 0.80 . -0 130
- soil staging area) (Phase I) '
Soil beneath buildings (demohhon area to disposal cell) 53 1.6 .79
-(Phases II and II) : ' :
- Off-site borrow for backfill (entry gate to demolition 17 5.0 ~ 110
- area) L .
Soil around pipes and sewers (demoht:on area to MSA 28 . 0.83 : 38
* soil staging area) ‘ :
Backfill activity : . : : .
Off-site borrow for demohhon areas N 21 10 24
Nearby soil for pipes and sewers area _ 0.80 0.40 - 37
Miscellaneous transport ’ 37 11 48
" Subtotal - ' . Lvi - 14 .. 160
Volume Redu:ﬁon Facility
Operahon ' 8.1 0.41 10
Dumping and grading at dxsposal cell ' 30 15 37
= Truck transport (volume reduction facility to disposal cell) 20 6.1. .- 15
... Miscellaneous transport _ : 55 17 41
. Subtotal : 37 96 24
Reclamation of Raffinate Pits and Other Excavated Areas '
Backfill activity o ‘ 31 . 15 . 24
Topsoil emplacement ' ' ' - - '
Raffinate pits area : 0.98. 049 : 16
Former chemical plant area - E 072 036 16
- Truck transport o N
Off-site borrow (entry gate to chenucal plant area) 27 8.0 120
Topsoil (entry gate to raffinate pits area) 6.7 20 64
Topsoil (entry gate to chemical plant area) 63 19 81
Miscellaneous transport 12 0.35 48

Subtotal _ ‘ ' 45 - 15 250
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TABLE C.12 (Cont.)

Total Total Estimated Peak
Uncontrolled  Controlled . Controlled
, : Emissions ~ Emissions Emission Rates .
Emission Source® _ (tons). (tons) (1b/d)
Disposal Cell Construction and Cell Capping®
Cut and fill operations : : : 31 15 ' 81
Foundation clay emplacement ' N
Dumping, grading, and compaction at d:sposal cell . 39 20 13
Truck transport {entry gate to disposal cell) T4 12 - 80
Foundation gravel emplacement - . o o
Front-end loader activity at CMSA © 28 0.70 28
Grading and compaction at disposal cell : 12 : 0.60 23
Truck transport (CMSA to disposal cell) . 28 83 33
Foundation sand emplacement
" Front-end loader activity at CMSA 0.72 0.19 ;2.3_
Dumping, grading, and compaction at disposal cell ' 0.44 022 27
Truck transport (CMSA to disposal cell) o 6.9 21 25
‘Clay cover and frost protection layer emplacement . .
Dumping, grading, and compaction at disposal -cell 9.1 45 13
Truck transport (entry gate to disposal cell) 9% 29 " 80
Filter sand layer emplacement _ L
Front-end loader activity at CMSA , 095 . 024 . l23
‘Dumping, grading, and compaction at disposal cell 057 029 27
Truck transport (CMSA to disposal cell) 89 .27 25
Riprap cover emplacement : _
Front-end loader activity at CMSA 13 031 : 25
Grading and compaction at disposal cell © 059 - 029 .23
Truck transport (CMSA to disposal-cell) - - : 12 37 - 30
Choke rock cover emplacement .
Front-end loader activity at CMSA 0.81 0.21 1.8
Dumping and grading at disposal cell 063 0.31 ¥
Truck transport (CMSA to dxsposal cell) . 7.7 23 20
Miscellaneous transport 19 . 57 59
Subtotal , 250 78 310
Total ' ' , 570 170 ‘ 850

For the material moved more than once prior to final disposal, emission rates are tabulated separately
according to the staged location. For example, contaminated soil surrounding underground sewer lines.
would be hauled to the MSA soil staging area for temporary storage, with subsequent transport to the

“disposal cell after it became available. The first segment is included in the "Dismantlement of Buildings,

Pipes, and Sewers” category, and the second segment is included in the "Temporary Storage Area, MSA Soil
Staging Area, and Mulch Pile” category. ‘

Notation: CMSA = construction material staging area (within the MSA); MSA = material staging area;
SPF = sludge processing facility (for chemical treatment under this alhemauve), TSA = temporary storage
area.

‘Only soil removal is expected to generate partiéulabe emissions at the raffinate pits because the sludge

would be dredged and handied wet.
Includes emissions associated with dumping onto the truckbed.
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Values are listed in this table as "0.00" if emissions are less than 0. 005 as a result of mundmg
Includes emissions from the umovued truckbed during transport.
The material would be transponed to the MSA debris smgmg_am for treatment at the adjacent volume

reduction facility.

Peak controlled emission rates cannot be directly compared with the sum of individual emission rata
because not all activities are expected to occur at the same time.

These activities are expeclzd to be performed in three phases, as appmpnate

Soil beneath buildings in the Phase Il and III areas would be hauled to and placed in the Phase I cell when
it becomes available. )

it
Cell operations such as waste placement are  addressed within the related source category.




TABLE C.13 Estimated PM-10 Fugitive Dust and Stack Emission Inventories at the Weldon

Spring Site for Alternative 7a, Vitrification®’

Total Total Estimated Peak
Uncontrolled  Controlled Controlled
Emissions Emissions  Emission Rates
Emission Source® (tons) (tons) (Ib/d)
Raffinate Pits
Vitrification at SPF € 0.02 0.1
Front-end loader activity at SPF 15 023 06
Excavation®#
Contaminated soil to be tteawd 0.78 039 86
Other soil 19 0.92 8.6
Rubble 0.01 0.00f 0.7
Dumping or dumping, g'radmg, and eompachon
Vitrified material mixed with clay at dxsposal cell 15 0.73 20
Contaminated soil at TSA 0.05 0.02 05
Other soil at dxsposal cell 23 .12 11
Truck transports , ‘ '
Vitrified material (SPF to disposal cell) 12 35 92
Clay for emplacement at disposal cell (entry gate 25 0.74 20
to disposal cell) :
Contaminated soil (raffinate pits to TSA) 79 24 . 52
Other soil (raffinate pits to disposal cell) 23 6.9 64
Rubble (raffinate pits to MSA debris staging area") 0.12 0.04 . .60
Off-site borrow for backﬁll (emry gate to raffinate pns) 12 36 63
Backfill activity ‘ ¥
Off-site borrow 20 0.98 .17
Berm fill , 31 16 75
Miscellaneous transport 62 19 . 41
Subtotal 76 25 180
Ash Pond
Soil excavation 0.19 0.09 8.8
Dumping, grading, and compaction at disposal cell 024 0.12 11
Truck transport (Ash Pond to dlsposal cell) 18 0.55 )
‘Miscellaneous transport 0.15 0.05 42
Subtotal 24 0.80 75
Frog Pond
Soil excavation _ _ _ 0.04 0.04. 54
Dumping, grading, and compaction at disposal cell 0.08 0.06 82
Truck transport (Frog Pond to disposal cell) 12 037 53
Miscellaneous transport ‘ 0.10 0.03 44
Subtotal 15 0.49 7
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TABLE C.13 (Cont) -

Total- Total  Estimated Peak
Uncontrolled  Controlled Controlled
* . Emissions Emissions  Emission Rates

Emission Source® (tons) (tons) " (Ib/d)
North Dump ' '
Soil excavation ©012 006 88
Dumping at MSA soil staging area 0.01 0.00 05
Truck transport (North Dump to MSA sonl stagmg area) .14 - 041 61
Miscellaneous transport ’ 011 0.03 . 51
Su_btotal : : ' o 1.6 0.50 75
South Dump
Soil excavation } ‘ 026 0.13 88
Dumping, grading, and compaction at disposal cell 033 016 11
Truck transport (South Dump to disposal cell) _ 23 . - 069 46
Miscellaneous transport 0.19 . 0.06 38

Subtotal ' : : 31 16 - . 70

Temporary Storage Area, MSA Soil Staging Area, and Mulch Pile

Front-end loader activity at TSA® ' - A
- Contaminated soil for treatment B 19 - 047 - 07 .)
Building and equipment debris 019 0.05 : 13
Excavation ' . : o i B
Miscellaneous soil at TSA L 0.17 0.06 E 87
Soil at MSA soil staging area . 21 1.1 .13
Clear and grub material at mulch pile 0.85 0.42 13
Dumping, grading, and compaction at disposal cell o : .
Miscellaneous soil from TSA : 012 " 0.06 88
Soil from MSA soil staging area 14 - 0.72 - 88
Clear and grub material from mulch pile ' 0.58 0.29 8.8
Front-end loader soil transport (TSA to SPF) : 54 ‘1.6 26
Truck transport _ - a '
Building and equipment debris (TSA to MSA debris 74 : 22 61
staging area”) _ : _
Miscellaneous soil (TSA to disposal cell) 0.84 - 025 37
Soil (MSA soil staging area to disposal cell) 10 : 30 37
Clear and grub material (mulch pile to disposal cell) 46 14 42
Miscellaneous transport T 24 072 6.2
Subtotal . ' 38 12 - 74
Busch Lakes 34, 35, and 36 ,
Excavation 0.80 ~040 - 27
Dumping, grading, and compaction at disposal cell 039 020 13
Truck transport (lakes to disposal cell) ' 11 33 260
Grading and reclamation ' 0.11 0.06 38
Miscellaneous transport . I 077 024 18

' j
) |
Subtotal R 13 42 - 320 .' ‘
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TABLE C.13 (Cont)

Total . Total Estimated Peak
. ‘ " Uncontrolled  Controlled Controlled
Emissions Emissions  Emission Rates
Emission Source® " (tons) (tons) (1b/d)

Dismantlement of Building, Pipes, and Sewers)

Building dismantlement 11 057 ' 58

Excavation ' '

Soil beneath buildings : 12 '0.60 22
Soil around pipes and sewers 048 024 11

Dumping or dumnping, grading, and compaction ,

Building debris at MSA debris staging area" 0.10 0.05 05

Soil beneath buildings at MSA soil staging area 003 - 0.02 11
(Phases I and ITI) : .

Soil beneath buildings at disposal cell (Phase I 0.49 025 24

Soil around pipes and sewers at MSA soil staging area 002 - 0.01 - 04

Truck transport .
Bmldmg debris (demolition area to MSA debris staging 44 13 14
- area ) : .

Soil beneath buildings (demolition area to MSA soil - 56 - 17 130
staging area) (Phases [ and III) : )

Soil beneath buildings (demolition area to disposal cell) 28 T 083 79
{Phase I) : '

Off-site borrow for backfill (entry gate to demolition area) 17 5.0 © 110

Soil around pipes and sewers (demolition area to MSA - 28 .. 08 -~ 38
soil staging area) :

Backfill activity : . ;
Off-site borrow for demolition areas . : 21 1.0 !y
Nearby soil for pipes and sewers area _ . 080 040 37

Miscellaneous transport 37 1.1 4.8

Subtotal ‘ 42 14 190

Volume Reduction Facility

Operation : i ' 8.1 041 10

Dumping and grading at disposal cell 35 17 43

Truck transport (volume reduction facility to disposal cell) 22 6.5 16

Miscellaneous transport 6.0 18 45

-Subtotal - o 39 .10 26

Reclamation of Raffinate Pits and Other Excavated Areas

Backfill activity : ' 31 15 24

Topsoil emplacement _ :

Raffinate pits area 0.98 0.49 16
Former chemical plant area 0.72 ' 036 16

Truck transport ’ _

Off-site borrow (entry gate to chemical plant area) 27 - 80 120

Topsoil (entry gate to raffinate pits area) 6.7 20 64

Topsoil (entry gate to chemical plam area) - 6.3 19 - 81
Miscellaneous transport ' 12 035 48

Subtotal ‘ - 45 15 . 250
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TABLE C.13 (Cont.) -

Estimated Peak

2 ﬂ" o

.

Total Total
Uncontrolled  Controlled . Controlled
: _ , Emissions Emissions  Emission Rates
Emission Source® : (tons) (tons) (1b/d)
Disposal Cell Construction and Cell Capping’
Vitrification Cell - ' ' ‘ A
Cut and fill operations : Co g’ 14 0.68 81
Borrow fill emplacement : 7
Dumping, grading, and compachon at disposal cell 072 0.36 13
Truck transport (entry gate to disposal cell) .69 21 71
Filter sand layer emplacement ' o : .
Front-end loader activity at CMSA . 009 0.02 23
Dumping, grading, and compaction at disposal cell 0.05" 0.03 27
~Truck transport (CMSA to disposal cell) . 0.74 022 22
Clay cover and frost protection layer emplacement ‘
Dumping, grading, and compaction at disposal cell 1.1 056 13
Truck transport (entry gate to disposal cell) - 1n 32 - -7
Choke rock cover emplacement _ C : .-
" Front-end loader activity at CMSA . - 044 0.11 . .18
Dumping and grading at disposal cell . 034 0.17 .27
Truck transport (CMSA to dnsposal cell) ‘ 37 . 11 18
. Combmauon Cell . L : : v
" Cut and fill operations _ - 25 13 81
- Foundation clay emplacement S
Dumping, grading, and compaction at dlsposal cell - 29 - 14 13
Truck transport (entry gate to disposal cell) 32 96 84
Foundation gravel emplacement . .
Front-end loader activity at CMSA . 10 026 .28
Grading and compaction at disposal cell A 0.44 022 L 2.3
. Truck transport (CMSA to disposal cell) ’ 11 32 35
Foundation sand emplacement ’ o O
" Front-end loader activity at CMSA 053 . 0.14 23
Dumping, grading, and compaction at disposal cell 0.32 0.16 27
Truck transport (CMSA to disposal cell) 53 16 26
Clay cover and frost protection layer emplacement o : .
Dumping, grading, and compaction at disposal cell . 67 34 13
Truck transport (entry gate to disposal cell) 75 23 84
Filter sand layer emplacement I : ‘
Front-end loader activity at CMSA . 0.68 0.18 23
Dumping, grading, and compaction at disposal cell C042 020 27
Truck transport (CMSA -to disposal cell) 6.8 20 26
Riprap cover emplacement - ’ ‘
Front-end loader activity at CMSA ) 0.94 0.24 25
Grading and compaction at disposal cell - - 0.44 022 23
30 32

- Truck transport (CMSA to disposal cell) o 9.9




C-61

" TABLE Ca13 (Cont)’

Total . Total Estimated Peak
Uncontrolled  Controlled Controlled
: : Emissions Emissions  Emission Rates
“Emission Source® C (ons) - (tons) - (Ib/d)
Duposal Cell Construction and Cell Capping"’ (Cont.)
Combination Cell (Com.) '
Choke rock cover emplacement : o '
Front-end loader activity at CMSA ) 0.59 _ 0.15 18
" Dumping and grading at disposal cell : 0.46 0.22 27
Truck transport (CMSA to disposal cell) 5.9 18 21
Miscellaneous transport ' 19 57 59
Subtotal 210 66 290
“Total 470 150 540

For the material moved more than once prior to final disposal, emission rates are tabulated separately -
according to the staged location. 'For example, contaminated soil surrounding underground sewer lines
would be hauled to the MSA soil staging area for temporary storage, with subsequent transport to the
disposal cell after it became available. The first segment is included in the "Dismantlement of Buildings,
Pipes, and Sewers" category, and the second segment is included in the "I'emporary Storage Area, MSA Soxl
Staging Area, and Mulch Pile" category.

Notation: CMSA = construction material staging area (within the MSA); MSA = material s(aging area;
SPF = sludge processing facility (for vitrification under this alternative); TSA = temporary storage area.

Uncontrolled emission rates were not estimated for vnnﬁcauon operations because emissions would be
controlled.: :

Only soil removal is expected to generate particulate emissions at the raffinate pits because the sludge
would be dredged and handled wet.

Includes emissions assodated with dumping onto the truckbed.
f Values are listed in this table as "0.00" if emissions are less than 0.005, as a result of rounding.
2 Includes emissions from the uncovered truckbed during transport.

The material would be transported to the MSA debris staging area for treatment at the ad;acent volume
reduction facility.

Peak controlled emission rates cannot be chrectly compared with the sum of individual emission rates
because not all activities are expected to take place at the same time.- :

I These activities are expected to be perfonned in three phases, as appropriate (the first and third phases
would be conducted concurrently).

k Soil beneath buildings in the Phase II area would be hauled to and placed in the Phase I cell when it
becomes available.

Cell operations such as waste placement are addreased within the related source category.
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TABLE C.i4 Dust Control Measures and Estimated Efficiencies®

| ) s

v

A

P

¥4

Potential : - : | . . Efficiency
Emission Source 'Dust Control Measure ’ . © (%)
- Sludge processing facility ' Plant enclosure, wet waste form, ught equipment seals, 85
. ' _ and air filtration' equxpment A

\fi!riﬁcaﬁon (stack emissions only) Offegas control (e.g., scrubber and HEPA filter) - . 99.9999

* Volume reduction facility -+ Plant enclosure with baghouse, and water sprays onto 95
' S contammatsd matanal

Excavation, scraping, grading, and : Water spraying with a der.:licaﬁed truck 50

compacting i K : . .

Front-end loader travel on, around, ° Application of a petroleum rsm/ chemical dust 75

and between piles at the TSA and suppressant . ‘

MSA, including the CMSA

Dump'ing.'and loading ’ Water spraying, mcludmg the mdual effect of prevxous 50

- o SPﬁY“\S '

. Vehicle. travel on unpaved roads Water spraying wx&\ a ded.lcated truck - 70
Truckbed or front-end loader - - Water spraying ' 7, L - 50 |
{bucket) transport of soil on-site o . SO
Truckbed transport of soil offsite Water spraying/tight covering 4 o100
Vehicle travel on paved noads and Vacuuin sweeping and pressurized water flushing .50 .
parking lo?® . S :
Material stoékpiles : Covering (e.g., plasﬁés and tarps) e

* Notation: TSA = uzmporary storage area; MSA = material stagmg area; CMSA = construction material -
* staging area; HEPA = high-effidency-particulate-air (filter).

b Emission inventories were not developed for these sources because total emissions would be negligible ‘
compared with vehicle traffic on unpaved mads

. ©.See text (Sections C.1.32 and c33). -

e e e e
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The off-gas treatment system for the vitrification process would be expected to consist
of a combination of control devices such as a primary quench scrubber, an acid-gas/submicron
aerosol scrubber, and HEPA filters. Most particulate matter generated from the contaminated
feed material would be removed while passing through the various control devices. A control

 efficiency of 99.9999% was assumed for particulate emissions from the vitrification stack; this

value was based on information froin a literature survey, control efficiencies developed by the
EPA, and general engineering information for a vitrification off-gas treatment system developed
by Pacific Northwest Laboratory (MK-Ferguson Company and Jacobs Engineering Group 1992).

Volume reduction activities would include shredding and pulverizing rock and
structural debris and compacting drummed material. Applicable dust control measures include
enclosing the facility; using dust collection hoods and a baghouse at material transfer points; and
watering the fine, loose material at the facility. An overall control efficiency of 95% was
estimated from the following information given in AP-42 (EPA 1985-1988): (1) a control
efficiency of 99% for a fabric filter and (2) a decreased emission factor for TSP of 0.28 Ib/ton for
dry material to 0.018 Ib/ton for wet material.

Use of a dedicated truck for sprayixig water at areas of active exﬁavation, scraping,
grading, and compacting was assumed to provide a dust control efficiency of 50% (much higher

efficiencies have been demonstrated, e.g., 70 to 80% and above). Dust emissions associated with
front-end loader traffic on, around, and between piles at the TSA and MSA, including the ..

construction material staging area, would be controlled because these piles are expected to be )

* located near the site boundary. Application of a petroleum resin/chemical dust suppressant was

assumed to achieve a control efficiency of 75%. - For activities such as dumping and loading, a

control efficiency of 50% was assumed to account for the residual effect of prevxous water .

spraying and/or spraymg ‘water at points of dust generation as needed.

- Control measures for unpaved haul roads are well documented. The most commonand
least expensive method of dust control on unpaved roads is water spraying with a dedicated
truck, which would require relatively frequent applications to achieve the desired control

efficiency (EPA 1988). In this analysis, a 70% average control efficiency was assumed on the
‘basis of a traffic volume of 30 vehicles per hour and an application rate of 0.5 L/m?

(0.11 gal/yd?) every 2 hours. A chemical stabilization technique with petroleum resin could also
be used if a higher contrql efficiency were needed, such as for on-site roads where heavy traffic
is expected (e.g., those near the site boundary) and for off-site roads leading to the site from
borrow areas. A control efficiency of more than 90% could be achieved by this technique,
depending on the application intensity. (volume of solution applied per surface area), dilution
ratio (volume of chemical per volume of water), and application frequency (number of
apphcahons per time period).

For emissions from truckbeds loaded with loose material, water spraymg was assumed
to be the primary control technique for on-site trucks operating over a relatively short distance.
Spraying water onto truckbeds and tight sealing for trucks moving between off-site and on-site.
areas could minimize fugitive dust emissions. Additional dust control could be achieved if the
paved roads and the parking lot were routinely cleaned by vacuum sweeping and/or
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' pressunzed water ﬂus}ung, whxch would xmmxmzelany additive impacts of dust generatxon ‘b

associated with both routine use and cleanup actwmes In addition, sealed tanker trucks could
be used to deliver raw material to the sludge processing facility from off-site suppliers (e.g., for
the chemical treatment alternative). Fugitive dust emissions from wind erosion at storage piles

- and other exposed areas have not been evaluated in detail for this analysis because the stockpiles

were assumed to be minimized and winds strong enough to create wind erosion at the site are

not expected (Section C.22.1). This expectation is-supported by results of the screening-level
ccalculation conducted to estimate potential impacts from wind erosion on cumulative air quality.

Methods that could be used to control dust from storage piles at the site include covering -

;stockpiles with plastics or tarps and spraymg water jon exposed, erodible surfaces, especxally‘
during dry seasons. : ' _ ‘ { L. -

Yy
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APPENDIX D:

GROUNDWATER MODELING AND ANALYSIS FOR POTENTIAL
~ DISPOSAL CELL FAILURE

'D.1 INTRODUCTION

Solute transport calculatmns were performed to evaluate contaminant migration that
could potentially occur if the disposal cell failed at each of the three alternative disposal sites for .
the Weldon Spring waste: the chemical plant area at the Weldon Spring site; the Envirocare
facility near Clive, Utah; and the Hanford facility near Richland, Washington. Additional details
are presented in a separate report by Tomasko (1992). For this analysis, it was assumed that the
cell cover failed, the cell filled with water (e.g., from precxpltatlon), and the liner failed — all
without any maintenance achvmes bemg conducted.

Although this scenario is unlikely, it was used for this screening-level analysis to
provide an upper-bound estimate for the leachate concentration at the initiation of the failure

~_ event and to maximize the volume of leachate that could be released to the environment. Other

scenarios such as a slow, steady leak from the disposal cell would introduce contaminants to the
environment at lower concentrations and smaller volumes over an extended period of time.
However, such scenarios would introduce a great deal of uncertainty into the calculations from
various factors that include local climate, vegetative cover, and leachate production as a function
of time. In addition, the results might not be sufficiently conservative to bound potential
impacts because the listed factors could change over the long period of time evaluated for this
scenario (e.g., 200 to 1,000 years and beyond); therefore, they were not evaluated in this
comparative analysis. ‘ -

For this study, leachate from a failed cell was assumed to infiltrate the unsaturated zone
beneath the point of failure and migrate vertically to the water table. Once the water table was
reached, the contaminated water was assumed to mix with water in the phreatic zone and
migrate laterally to the location of a hypothetical receptor located at the site boundary. Because
of the nature of the problem, precise modeling of the cell-failure scenario would require detailed -
analyses of leachate production in the cell, a three-dimensional treatment of transport in the
unsaturated zone, and a three-dimensional treatment of transport in the saturated zone. Data
limitations preclude this level of modehng, therefore, simplifying assumphons were made for
this analysis.

To prowde a conservahve analysxs that would be consistent among the altemahve
disposal sites, a one-dimensional methodology was used to estimate dimensionless contaminant
migration (i.e., the concentration of a contaminant divided by the initial contaminant
concentration in the leachate). By applying a one-dimensional methodology for the conceptual
model, some dispersion phenomena that have the effect of diluting contaminants before they
reach receptors (such as lateral mixing perpendicular to groundwater flow in the unsaturated.
zone) are conservatively disregarded. Transverse dispersion in the saturated zone is accounted
for by assuming complete mixing throughout the thickness of the aquifer. This assumphon may
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not be conservative, but it is not unreasonable because of the length of the flow paths consndered
. for the receptors.

consequences of cell failure at each alternative disposal location, given the data limitations.
Additional modeling would be conducted during and following conceptual design for the
proposed remedial action to incorporate new data and possibly new models to account for
factors such as leachate characteristics, multidimensional flow and transport, unsaturated flow
directly beneath the point of failure, geochemical interactions during vertical and horizontal
.’contanunant transport and decay of radioactive contaminants dunng transport.

The followmg calculations were performed for. each alternative disposal site: (1) a one-

dimensional vadose zone calculation to model contaminant transport from the base of the
" disposal cell to the water table beneath the disposal cell; (2) a dilution calculation to model
instantaneous and homogeneous mixing of contaminated, vertically moving water in the vadose
zone with initially uncontaminated, horizontally moving groundwater in the aquifer (for

purposes of comparison); and (3) a one-dimensional transport calculation to model transport-
from a point in the aquifer directly below the disposal cell to the location of a specified -
*ehypothehcal receptor (usually assumed to be the site boundary) in a direction consistent with,
‘natural conditions for groundwater flow. To minimize uncertainty in the calculations, as muchw

“site-specific information as possible was mcorporated into the modeling studies. .

, The cell was assumed to be of similar design for each site, with a cap de51gned to last
at least 200 years. The calculations were all started from the same initial condition of the waste.

“material in the cell being fully saturated. Waste saturation was assumed to have resulted from

‘localized cap failure, such as cracking, and water was assumed to have subsequently infiltrated.

“into the cell over time and to have been retained by the bottom liner. It was then assumed that
the liner failed, releasing the liquid into the underlying soil material and ultimately to.
groundwater. These assumptions were made for consistency and to ensure a conservative upper
bound on the potential adverse consequences of disposal cell failure at each of the three sites.

Climatological differences between the sites were not incorporated in these calcu]ahons
However considering differences in annual precipitation, it could take about 3 to 7 times longer
o saturate the waste material after the cap failed, e.g., by cracking, at the two westem facilities
compared with the on-site facility. The annual precipitation at the Envirocare and Hanford
facilities is 13 and 25 cam (5 and 10 in.), respectively (U.S. Department of Energy [DOE] 1992c),
compared with 86 cm (34 in.) at the Weldon Spring site (DOE 1992b). Evaporation and

transpiration were also not considered in the calculations. The effects of these processes on

infiltration through disposal cell caps cannot be predicted reliably, but evapotranspirative losses
‘would reduce the fraction of precipitation available for infiltration at all of the sites and would
probably have a larger effect at the two westem facilities than at the Weldon Spring site, further
increasing the time required to saturate the waste cell at those two locations.

~ The model results are reported as the contaminant travel times to locations that might
be accessed by a member of the public and the increases in groundwater contaminant concen-
trations above background at those locations. Individuals are not expected to access

Theapproach used for this analysxs pertmts a conservative evaluation of the potenhal .

‘4
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groundwater at those hypothehcal locations, at least under reasonable projections of hkely use
conditions (recognizing that potential future conditions after 200 to 1,000 years cannot be reliably,
predicted at this time). However, if it were assumed that such access did occur, differences in
the groundwater quality at the three sites might affect the relative likelihood of potential
exposures.

Groundwater is currently contaminated at each of the three alternative disposal sites.
The contaminants at the Hanford site (e. g.» short-lived radionuclides) and the Weldon Spring site
(e.g., local contamination with nitroaromatic compounds) would not be evident without a
detailed ‘water analysis. In contrast, groundwater at the Envirocare site is naturally high in
salinity and dissolved solids content (concentrations in the shallow groundwater are reported
as 20,000 to 50,000 mg/L [DOE 1992c]). The salinity of this water would be expected to indicate
to a potential receptor its unsuitability for drinking or other domestic uses. In addition, over the
long period of time (hundreds to thousands of years) before contaminants from a cell failure
scenario would reach the hypothetical receptor locations, the current groundwater contamination
at the Weldon Sprmg and Hanford sites would likely be ameliorated by processes not accounted

- for in the current model, such as radioactive decay, chemical and biological alteration, and

* dilution. However, the high dissolved solids content in groundwater at the Envirocare site is
a natural condition that would not be expected to change over time. Thus, assuming that an -
individual would be exposed to groundwater at the Envirocare facility is conservative. -

- The results of the calculations for this analysis provide conservative estimates of (1) the
approximate times, after failure of the bottom liner, for dissolved contaminants to move from
each disposal cell to the locations of hypothetical receptors and achieve a maximum
concentration and (2) the maximum dimensionless contaminant concentrations (C/Cp) at the
receptors as a function of time (Tomasko 1992). Because the composition and concentration of
various contaminants in the leachate from the proposed disposal cell are not precisely defined,
* the calculations use retardation factors of 1, 5, and 100 — which provide a range of solute
retardation values from highly mobile to relatively immobile species. This range of retardation
is expected to bracket the anticipated behavior of contaminant components in the leachate that
could be genérated in the disposal cell (e.g., under conditions of cover failure without
maintenance). Dimensional concentrations at the receptors can be obtained by multiplying the
predicted dimensionless concentrations by the initial concentrations of the leachate.

D.2 METHODOLOGY

The processes modeled in evaluating the concentration of a contaminant at a down-
stream receptor in the event of disposal cell failure are illustrated in Figure D.1. Leachate
~ released from a failed disposal cell would be transported vertically downward through the
unsaturated (vadose) zone directly beneath the disposal cell footprint. At some depth from the
ground surface, the contaminated water would reach the water table. At this point, the vertically
moving contaminated groundwater in the vadose zone would mix with the horizontally moving
groundwater in the aquifer. Upon entering the unconfined aquifer, the contaminants would be
laterally transported by natural groundwater flow to the location of the receptor. For modeling
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- FIGURE D._i Fate and Transport Processes Modeled for Disposal Cell Failure '

purposes, the phyencal processes shown in Figure D.1 were simplified to two one-dimensional
. ztransport calculations (vadose and phreatlc zones) and one dilution calculation at the water-table
mterface (Tomasko 1992). : - :

D.3 GOVERNING EQUATIONS

In the vadose zone, one-dimensional solute transport was calculated with the followmg ny
equahon (Tomasko 1992): ‘ . j

€ _1llgrrc |ZR - Vt| | VZ/D gppc [ZR + Vi - (D.1)
T 2 2Rt | . (R )| -
= H(t - At) |ERFC {ZR - V(t - &Y . t.!VZ/D EREC ZR + V(t - At)
oz | | 2/DRG -4y 2yDRE - 40
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where
| AC_ =‘ contaminant concentration (M/L3); |
Co = contaminant concentration in the leachate (M/ L3; |
| ERFC = complementary error function;

= spatial coordinate in the vertical direction (L);

retardation coefficient;

< ®© N
I

= groundwater seepage velocity (L/t);

-
1]

time (t); ,
D = dispersion coefficient (L2/t);

H = Heaviside function such that H(t - At) = 0 for t < At, and
H(t - At) = 1 for t 2 At; and B .

- At = duration of'the leachate percolation (t).

(Units are represented by genenc terms for mass, length, and time [M, L,
and t}.)

, At the water table, contaminated water in the vadose zone is assumed to mix with
initially uncontaminated water in the unconfined aquifer beneath the disposal cell (to sxmphfy
the determination of potentxal incremental impacts to groundwater quality). The ratio of the
contaminant concentrations in the unsaturated zone to those in the saturated zone can be defined
as the dilution for the process, D,. This dilution can be expressed by the following relationship
.. Envn'onmental Protection Agency 1989):

Q. +Q,
Q,

D, = ©2)

where:

volumetric flux in the horizontal direction in the phreatic zone; and

L P

volumetric flux in the vertical direction in the vadose zone.
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As discussed by Tomasko (.1"99.2),‘ Equation D.2 can be rewritten as:

D, & Val ;. (D3)
' xe, : L
Qhere:
- V4= Darcy velocity as V4 = K Vh, where K = hydraulié conductivity
. ' (L/t)and V = hydraulic gradient (1/L);
:' T = thickness of the saturated zone (L), _
I = Amﬁltrahon rate (L/t); |
X; = length of the disposal cell parallel to the dn'ectxon of groundwater
ﬂow (L); and _
- d),, = effectlve porosity of the vadose zone (L3/ L3)

g Once in the unconﬁned aquifer, the contaminant is assumed to be transported laterally
s to the location of the hypothehcal downgradient receptor. Transport is once again assumed:to
be governed by a one-dimensional advection-dispersion process. The contaminant concentration
*at some downstream location, X, is calculated with Equation D.1 — after replacmg Z with Xand
At with At /5, the full width of the breakthrough curve at the water table at the half-maximum
concentrahon value ('l'omasko 1992). : :

D4 CONTAMINANT TRANSPORT CALCULATIONS

Three sets of calcu.lanons were performed for each of the alternative ‘disposal sites to
evaluate the transport of contanunants from the bottom of the disposal cell to potential receptors.
The first set of calculations was performed to evaluate vertical contaminant migration through
the vadose zone, the second set was used to define dilution factors; and the third set was used
to evaluate lateral contaminant migration to the location of a potential receptor.

)
¥

{D.4.1 Weldon Spring Site

The vadose zone in the vicinity of the disposal cell location evaluated for the chemical
plant area is about 15 m (50 ft) thick (MK-Ferguson Company and Jacobs Engineering Group
:1990; DOE 1992b). The overburden consists of five layers: topsoil and loess, Ferrelview clay,
clay till, basal till, and residuum. An effective overburden model developed from laboratory
measurements indicates that the harmonic mean saturated hydraulic conductivity of the
overburden is about 3.1 x 108 cm/s (8.8 x 107 ft/ d) for a 6-m (20-ft) thick overburden (Bognar
1991). For purposes of this study, it was assumed that the overburden thickness is 9 m (30 ft)
and that the saturated hydrauhc conductivity is 1.0 x 107 cm/s (2. 8 x 10 ft/d). These values
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were chosen to produce conservative results; to represent subsurface conditions that would be
~engineered (e.g., via compaction) as part of cell construction; and to be consistent with Missouri -
state law, which requires a minimum of 9 m (30 ft) of overburden having a conductivity of, at
most, 1.0'x 107 em/s (2.8 x 1074 ft/d) For conservative results, transport through the composite
overburden material was assumed to occur under saturated conditions with the infiltration rate
equal to the harmonic mean hydraulic conductivity (Freeze and Cherry 1979). Dispersivity was
assumed to be scale dependent (Lallemand-Barrés and Peaudecerf 1978) and was set to 1m
3 ft), one-tenth of the average thickness of the overburden.

The results of dimensionless concentration calculations obtained using Equation D.1 for
the vadose zone at the Weldon Spring site are shown in Figures D.2 and D.3 for retardation
values of 1, 5, and 100. The value of 1 was selected to represent a purely conservative solute-
(i.e., no retardation), such as nitrate. The value of 5 was chosen to represent contaminants that
are relatively mobile in porous media, such as selenium. The retardation factor of 100 was
chosen to represent relatively immobile species, such as lead, nickel, and thorium (see
Appendix E, Section E.3.2). For all calculations involving the Weldon Spring site, the disposal
. cell was assumed to discharge its full liquid contents to the underlying overburden in 150 years.
This value is based on a disposal cell having a height of 23 m (75 ft), an effective porosxty of 0.2,
and an infiltration velocity of 1.0 x 107 cm/s (28 x 10 ft/d).

~ For unretarded contaminants (Figure D.2), contaminant concentraﬁons in groundwéter :
~ at the interface of the unsaturated and saturated zones would reach a maximum value of about .
- 52% of their initial concentration in the disposal cell leachate in about 300 years. Moderately .

retarded contaminants would reach 4 maximum concentration of about 12% in 1,160 years, and = -

highly retarded contaminants (Figure D.3) would reach a maximum concentration of about 0.6%
in about 22,000 years. : .

Once the contaminated water in the unsaturated zone reached the water table, mixing
would occur with groundwater that was assumed to be initially uncontaminated for purposes
of comparison. Mixing was assumed to occur instantaneously and homogeneously throughout
the thickness of the saturated zone. Equation D.3 was used to assess the effects of dilution for
the Weldon Spring site. Site-specific parameters used in this evaluation include an arbitrary
disposal cell failure length of 60 m (200 ft), parallel to the direction of groundwater flow; an
unsaturated zone effective porosity of 0.3; a saturated thickness of 8 m (25 ft); a saturated zone
effective porosity of 0.2; a'hydraulic gradient in the vicinity of the chemical plant area of 0.02;
and a hydraulic conductivity value of about 0.0044 cm/s (12.5 ft/d) (Bechtel National 1987). For
an infiltration rate equal to the harmonic mean saturated hydraulic conductivity of the composite -
overburden material, 1.0 x 107 em/s (1.2 in./yr), the dilution factor is about 380.

Once the contaminants have mixed with groundwater in the saturated zone, migration
to the location of the receptor is assumed to follow natural flow lines, which are predominantly
horizontal and to the north (DOE 1992a). For the Weldon Spring site, three receptor locations
" were considered. The first receptor was assumed to be located at the site boundary; the
downstream distance from the location of the proposed disposal cell to the site boundary would
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be about 300 m (1,000 ft). A second receptor was assumed to be located at the next closest
downgradient well used for drinking water, about 2.4 km (1.5 mi) north of the disposal cell. A -
third . receptor was assumed to be located 4.0 kan (2.5 mi) north of the dxsposal cell, which

corresponds with the downgradient location of additional private wells. For these three receptor
locations, the unconfined aquifer was assumed to be laterally homogeneous, with a hydraulic
gradient of about 0.02, an effective porosity of 0.2 (Freeze and Cherry 1979), and an average
hydraulic conductivity of 0.0044 cm/s (125 ft/d). For these conditions, the average linear
groundwater velocity (Darcy velocity divided by effective porosity) in the phreatic zone is about
0.38 m/d (1.25 ft/d). Dispersivity was assumed to be 30 m (100 ft) for all locations. The results
of the saturated transport calculations are shown in Figures D.2 and D.3; the full widths of the
contaminant pulses at the interface at the half-maximum concentration values are estimated to
be 260, 1,160, and 23,500 years for retardation values of 1, 5, and 100, respectively.

The results for a receptor located at a downstream distance of 300 m (1,000 ft) are shown
in Figures D.4 and D.5. Contaminants would reach a maximum concentration of 100% of their
initial value (peak value of the unsaturated breakthrough curve at the interface of the vadose
and phreatic zones divided by the dilution factor) in about 12, 58, and 540 years for retardation
values of 1, 5, and 100 respechvely

Breakthrough curves at 2.4 km (1 .5 mi) and 4.0 km (2.5 mi) would be similar to-those
shown 'in Figures D.4 and D.5. At 24 km (1.5 mi) from the disposal cell, the contaminants
" would reach concentrations of 100% of their initial values in 36, 172, and 3,400 years for
retardations of 1, 5, and 100, respectively. For a receptor at a distance of 4.0 km (2.5 mi), the
contaminants would reach 100% of their initial concentrations in about 52, 248, and 4,950 years
for retardations of 1, 5, and 100, respectively. Reaching 100% of the initial concentration is
expected for these calculations because of the high hydraulic conductivity assumed for the
porous medium and the long durations of the assumed sources. Because a square-wave source
was assumed at the water table, the peak concentration at the receptor could be reached before
a peak concentration was attained at the water table directly below the disposal cell (Tomasko
1992). This result provides a conservative estimate of the time reqmred to reach the maximum
. concentration at the receptor.

The results of the three separate calculations (overburden, dilution, and saturated lateral
flow) were combined to obtain values for the entire flow system — i.e., from the top of the
* overburden to potential recéptor-locations 300 m (1,000 ft), 2.4 km (1.5 mi), and 4.0 km (2.5 mi)
downgradient of the hypothetical dJsposal cell (T omasko 1992), these results are presented in
Table D.1.

D.42 Envirocare Facility near Clive, Utah

The vadose zone in the vicinity of the disposal cell site evaluated for the Envirocare
facility near Clive, Utah, is about 6 m (18 ft) thick (Bingham Environmental 1991). This
unsaturated overburden is composed of two layers: 2.5 m (8 ft) of clay and 3 m (10 ft) of silty
sand. The clay has an average saturated hydraulic conductivity of about 1.9 x 107 em/s
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TABLE D.1 Summary of Disposal Cell Fallure Calculations for the Weldon Spnng
Site: Entire Flow System?®

_ », Time of Maximum
Maximum Concentration Concentration at

at Location of Receptor ' Location of Receptor
‘ (percent of initial concentration) ' (years)
Retardation  1000f  15mi  25mi 1000f 15mi  25mi
1 .0.14 014 . 014 212 236 252
5 0032 0.032 0032 788 902 978
100 16x10° 16x10° 16 x 10° 13540 16400 17,950

2 These calculations are the combined results of three separate calculations: the
vertical component through the vadose (unsaturated) zone, dilution, and the lateral
flow component through the phreatic (saturated) zone. .

(5.4 x 10‘4 ft/d), and the silty sand has a conductivity of about 5.6 x 10° am/s (0.16 ft/d). An
equivalent composite overburden was assumed for the vadose zone calculations. This compos1te
material has a thickness of 5.5 m (18 ft) and an equivalent, harmonic mean saturated hydraulic

conductivity of 4.3 x 107 cm/s (0.0012 ft/d). Infiltration of the leachate from the disposal cell -

was conservatively assumed to occur under saturated conditions, with an average linear ground-
water velocity equal to theé harmonic average of the saturated hydraulic conductivity of the

composite overburden. The rate of contaminant infiltration below an equivalent disposal cell

at the Envirocare facility would be approximately 4.3 times faster than that at the Weldon Spring
site because of the higher saturated hydraulic conductivity material beneath the Envirocare area.
A saturated disposal cell at Envirocare would empty its leachate contents in about 35 years
following cell failure. Dispersivity was assumed to be scale dependent (Lallemand-Barrés and
Peaudecerf 1978) and was set to 0.5m (1.8 ft), one-tenth of the average thickness of the
composite material. The results of dimensionless contaminant concentration calculations for the
vadose zone are summarized in Table D.2.

Once the contammated water in the unsaturated zone has reached the water table,

mixing would occur with g-roundwater assumed to be initially uncontaminated. ang was - .-
assumed to occur instantaneously and homogeneously throughout the thickness of the saturated - -~ .~

zone. Equation D.3 was used to assess the effects of dilution for the Envirocare facility. Site-
specific parameters used in this evaluation include an arbitrary disposal cell failure length of
60 m (200 ft), parallel to the direction of groundwater flow; an unsaturated zone effective
- porosity of 0.3; a saturated thickness of 13 m (42 ft); a saturated zone effective porosity of 0.2;
- and a groundwater velocity of 7 m/yr (23 ft/yr) in the saturated zone (Bingham Environmental

. 1991). For an infiltration rate equal to the saturated hydrauhc conductivity of the composxte _

overburden, 43 x 10‘7 cm/s (5 in./yr), the dilution factor is about 8.2.
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"TABLE D2 Summary of Dlsposal Cell Failure Calculations for the -
Envirocare Fadility: One-Dimensional Vadose Zone?

Maximum - - Time of

' Concentration "Maximum .
at Bottom of . Concentration
" Unsaturated Zone at Bottom of Duration at
(percent of initial = Unsaturated Zone  Half-Maximum
Retardation - concentratjon) _(years) (years)

1 75 | 55 .4

5 . 19 o 160

100 ' 1 .. 3050 N 3300

* These calculations include only the vertical flow component through the
vadose (unsaturated) zone:

Once the contaminants have ‘mixed with the groundwater in the saturated zone,
‘migration to the location of the receptor would follow natural flow lines, which : are

. predominantly horizontal and to the north (Bingham Environmental 1991). One hypothetical
_receptor was considered for the Envirocare facility. This receptor was assumed to be located at
“the-site boundary, approxxmately 1,600 m (5,280 ft) from the assumed location of the disposal
cell. :

. The average lmear groundwater velomty (Darcy velocnty divided by effective porosity).

in the unconfined uppermost groundwater aquifer at the Envirocare facility is about 0.019 - m/d
(0.062 ft/d). A scale-dependent dispersivity (Lallemand-Barrés and Peaudecerf 1978) was
assumed for the lateral transport calculations; a dispersivity value of 31 m (100 ft) (Freeze and
Cherry 1979) was used to produce conservative breakthrough concentration curves. The results

“for a receptor located at a dxstance of 1 ,600 m (5,280 ft) from the dxsposal cell are given in
Table D.3.

The results of the three separate calculahons (overburden, dilution, and saturated lateral
flow) were combined to obtain values for the entire flow system — i.e., from the top of the

_overburden to a potential receptor 1 ,600 m (5,280 ft) downgradient of the hypothetical disposal

“cell (Tomasko 1992); the xesults are presented in Table D 4.

.D 43 Hanford Facility near Richland, Washmgton

The vadose zone in the vicinity of the disposal cell site evaluated at the Hanford facility
(ie., the 200-West Area) near Richland, Washington, is about 30 m (100 ft) thick (Pacific
Northwest Laboratory 1989). It is composed of a series of sands, gravels, and silts. The average
saturated hydraulic conductivity of the unsaturated zone is about 75 m/d (250 ft/d). Inﬁltrahon
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TABLE D3 Summary of Disposal Cell Failure Calculations

for the Envirocare Fadlity: One-Dimensional Phreatic Zone*

Maximum

Concentration at Time of Maximﬁm
Location of Receptor® Concentration at
(percent of initial - Location of Receptor®
Retardation concentration) © (years)
1 38 . 240
5 29 2 1,160 -
100 30 23,500

3 These calculations include only the lateral flow component
through the phreatic (saturated) zone. .

b The receptor was assumed to be located 5,280 ft from the
disposal cell.

TABLE D4 Summary of Disposal Cell Failure Calculations
for the Envirocare Facility: Entire Flow System*

- Maximum -
Concentration at Time of Maximum
Location of Receptor® Concentration at
] (percent of initial Location of Receptorb
Retardation concentration) (years)
1 33 . 272
5 0.62 : : 1270
100 0083 - 25360

% These calculations are the combined results of three separate -

calculations: the vertical flow component through the
vadose (unsaturated) zone, dilution, and the lateral flow
component through the phreatic (saturated) zone.

b The receptor was assumed to be located 5,280 ft from the
~ disposal cell. : 3
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of the leachate from the disposal cell was conservatively assumed to occur under saturated
conditions (the volume of leachate was ‘assumed to be sufficient to saturate a vertical column
from the bottom of the disposal cell to the water table), with an average linear groundwater
velocity equal to the value of the saturated hydraulic conductivity. Because of the highly
transmissive sands and gravels beneath the footprint of an eqmvalent disposal cell at Hanford,
the leachate emptying time following cell failure was 1.7 x 10* years compared with 150 years
at the Weldon Spring site. Although the high value of the saturated hydraulic conductivity

" results in an extremely short and overly conservative emptying time, this value was used to

ensure a consistent approach to bounding the consequences of disposal cell failure at each of the

alternative disposal sites. As with the other two sites, dispersivity was assumed to be scale

dependent (Lallemand-Barreés and Peaudecerf 1978) and was set equal to 3 m (10 ft), one-tenth
of the average thickness of the vadose zone. The results of dimenisionless contanunant
concentration calculations for the vadose zone are summarized in Table D 5.

. Once the contaminated water in the unsaturated zone has reached the water table,
‘mixing would occur with groundwater assumed to be initially uncontaminated. Mixing was
assumed to occur instantaneously and homogeneously throughout the thickness of the saturated
zone. Equation D.3 was used to assess the effects of dilution for the Hanford 200-West Area.
Slte-spec:ﬁc parameters used in this evaluation include an arbitrary disposal cell failure length
“of 60 m (200 ft), parallel to the direction of groundwater flow; an unsaturated zone effective
porosity of 0.3; a saturated thickness of 60 m (200 ft); a saturated zone effective porosity of 0.2;
- and a groundwater velocity of 1,100 m/yr (3,650 ft/yr) in the saturated zone (Pacific Northwest
Laboratory 1989). The results of the dilution calculations indicate that, for an infiltration rate of
0.09 cm/s (250 ft/ d), the dilution factor would be about 1.0 —ie,, there is no dilution.

Once the contaminants have mixed with the groundwater in_the saturated -zone,

: nugratxon to the location of the. receptor is assumed to follow natural ﬂow lines, wluch are

- TABLE D.5 Summary of Disposal Cell Failure Calculations for the
Hanford 200-West Area: One-Dxmemmnal Vadose Zone?

Maximum © Timeof
Concentration - Maximum
* at Bottom of Concentration ‘ .
# , Unsaturated Zone at Bottomof  Duration at
: . (percent of initial Unsaturated Zone  Half-Maximum
‘Retardation concentration) - (years) . (years)
A 9.0 x 10 95 x 104
& 5. .35 o 42x10° 45 10°
100 017 . 008 - 009

a These calculations mclude only the verhcal ﬂow component through the
vadose (unsaturated) zone.

. . —
rAc R
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predommantly horizontal and to the northeast (Paczfxc Northwest Laboratory 1989) One
hypothetical receptor was considered for Hanford. This receptor was assumed to be located at
the site boundary approximately 13.7 km (44,800 ft) from the 200-West Area.

The average linear groundwater velocity (Darcy velocity divided by effective porosity)
in the Hanford Formation is about 1,100 m/yr (3,650 ft/yr). A scale-dependent dispersivity
(Lallemand-Barrés and Peaudecerf 1978) was assumed for the lateral transport calculations; a

dispersivity value of 31 m (100 ft) (Freeze and Cherry 1979) was used to calculate conservative -

breakthrough concentration curves. Results of the calculations are given in Table D.6.

, The results of the three separate calculations (overburden, dilution, and saturated lateral

flow) were combined to obtain values for the entire flow system — i.e., from the top of the
overburden to the potential receptor 13.7 km (44,800 ft) downgradient of the hypothetical
disposal cell (Tomasko 1992); the results are presented in Table D.7.

© D.5 COMPARISON OF ALTERNATIVE DISPOSAL LOCATIONS

Peak contaminant breakthrough concentrations and times calculated for the three
disposal sites were compared to assess relative hydrological impacts. For greatest utility,
comparisons were made at the bottom of the overburden (location of the water table) and at the
location of the receptor. A summary of physical parameters is given in Table D.8.

The maximum confanﬁnant concentrations reached at the water table as a function of -

retardation for the three alternative disposal sites are compared in Figure D.6. From this
simplified analysis, the lowest peak concentration would occur at the Hanford facility and the
highest at the Envirocare facility. Concentrations at the Weldon Spring site and the Envirocare
facility would be similar. Those for the Hanford facility would be low because of dispersion
along the vertical flow path. At small retardation values, the differences between the peak
concentrations for the sites is large; however, at large retardatnon values, the differences become
small as the concentrations approach zero. :

Breakthrough times for the maximum concentrations at the water table are compared
in Figure D.7. Because of the clays present in the overburden material at the Weldon Spring site
and Envirocare facility, breakthrough times would be long. The breakthrough time at the
Weldon Spring site would be longest because of the assumed thickness of the overburden and
its assumed low saturated hydraulic conductivity. Breakthrough times at the Hanford facility,
on the other hand, would be very short because of the high hydraulic conductivity of the sands

and gravels in the overburden. As expected, the time of peak breakthrough increases with
increasing retardation.

The maximum contaminant concentrations at the receptor locations are compared in
Figure D.8. The maximum concentrations would be largest for the Envirocare facility and
smallest for the Weldon Spring site. In all cases, peak concentrations at the receptor are less than
about 3% of the initial leachate value. Except for cases of high initial leachate concentrations or
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. TABLE D.6 Summary of Disposal Cell Failure Calculations

for the ' Hanford 200-West Area: One-Dnnemnonal
Phreahc Zone?

Maximum

'Concentration at " Time of Maxunum
Location of Receptor® Concentration at
o (percent of initial Location of Receptor”
Retardation = - concentranon) . (years)
1 o5 . 12
5 . oo e
100 C o oou 1220

" ® These calculations include orily the lateral flow component

through the phreatic (saturated) zone.

b 'Iheteceptnrwa;assumedtobelocatedM,SOOftfmmthe

disposal cell.

TABLE D.7 Summary of Disposal Cell Faihﬁe Calculations -
for the Hanford 200-West Area: Entire Flow System® '

Maximum -

Concentration at A “Time of Maximum
Location of Receptor® - Concentration at
(percent of initial Location of Receptor”
Retardation concentration) ' (years)
1 77x10% 12
5 15 x 10 61
100 76x10° 1,220

2 These calculations are the combined results of three separate

calculations: the vertical flow componerit through the
vadose (unsaturated) zone, dilution, and the lateral flow
component through the phreatic (saturated) zone.

b. ’Ihe:ecepwrwasassumedtobelocatedu,SOOftfromﬂ\e :

disposal cell



D-19

' TABLEDS Summar)" of Physncal Parameters for éd;ulaﬁom :

. Envirocare - _I-Ianfo_rci

Zone/Parameter Unit*  Weldon Spring Site Facdxty * Facility-
Vadose Zone . : : S .
Thickness . m 9 ‘ - 55 © 30
Infiltration cm/s 1.0 x 107 43x107 - 0.09
Duration yr - 150 : 35 17 x 104 .
Effective porosity - 03 03 03 :
" Dispersivity m 1 - 05 R
Phreatic Zone : : I o S
Thickness' - m 8 13 60
Effective porosity s 02 - 02 .. 02
Hydraulic conductivity  cm/s 0.0044 ' 0.015 " 0.088
Distance to receptor mi 02,15,0r25 1.0 85
Dispersivity : m 30 _ 30 30
Hydnulxc gradxent - - 002 . 0.0003 0.008 -

a A hyphen mdlcates that the parameter is dimensionless (unitless).

high contaminant toxicities, disposal cell failure would not have a sxgmﬁcant effect on water
quality at the receptor location for any of the sites.

Breakthrough times for the maximum concentrations ‘at the receptor locations: are
compared in Figure D.9; these times follow the same general trends discussed for breakthrough
times at the water table. 'The breakthrough times for the Weldon Spring site and Envirocare
facility are similar because of their similar phreatic zone properties (Table D.8). In spite of the -
large distance to the receptor location at Hanford (13.7 km [44,800 ft]), travel times. would be ,
much less than those of the other two sites because of the very hagh hydrauhc conductivity of
the sands and gravels present.

For all three sites, a disposal cell failure would not be expected to have a significant
effect on water quality at the hypothetical receptor locations. The conservative nature of the one-
dimensional methodology used and the simplifying assumptions made for this comparative
analysis provide upper bounds on the potential impacts. . If extensive site-specific data had been
available to support the use of a more detailed modeling approach, it is likely that the facilities
at the two western sites, i.e, the Hanford and Envirocare facilities, would exhibit longer
breakthrough times and lower peak concentrations at the receptors than those estimated for this
screening-level analysis.
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APPENDIX E:

REBASELINE HEALTH ASSESSMENT

This "rebaseline” health assessment updates the human health evaluation presented in -
the baseline assessment (BA) for the chemical plant area of the Weldon Spring site (U.S. Depart-
ment of Energy [DOE] 1992a). The primary objectives of this assessment are to (1) evaluate
health effects for new conditions that will exist at the site after approved interim response
actions have been mplemenbed and (2) provide the framework for developing soil cleanup °
criteria, which are presented in Chapter 2. The approved interim actions include removing and
treating surface water and dismantling chemical plant structures. Except for groundwater, soil
is the only environmental medium of concern that would remain at the site after these actions
are implemented; groundwater is bemg addressed as a separate operable unit of this cleanup
project. (Cleanup criteria have not been developed for raffinate pit sludge and structural debris
because they are considered waste that would be removed rather than environmental media that
would remain.) The soil cleanup criteria developed on the basis of this assessment were used
to identify areas for remediation and support decisions for future land use.

The rebaseline assessment and subsequent development of soil cleanup criteria have - '

been used to assess the performance of remedial action alternatives for the site against two key
evaluation factors: (1) compliance with applicable or relevant and appropriate reqmrements
(ARARs) and (2) long-term effectiveness, e.g., relative to the magnitude and nature of residual
risk. That is, information presented. in this appendix was used to identify potential health
impacts for the "rebaselined” no-action alternative against which the action alternatives were .
compared and to identify ‘estimated residual risks associated with various cleanup options. This -
information was also used to focus the remaining cleanup decisions for the site.

E1l SCOPE AND GENERAL APPROACH FOR THE REBASELINE
HEALTH ASSESSMENT

The assessment of baseline risks for the Weldon Spring site consists of three phases that
parallel major cleanup decision points and associated changes in the site configuration, as
described in Section 1.3. 1 of the BA (DOE l992a) The three phases are as follows:

e The first assessment — the BA — evaluated potential health and environ-
mental effects for the site ds it existed in early 1992 without accounting for
interim actions that had already been approved but not yet completed.

. * The second assessment — this rebaseline assessment — evaluates potential
‘health impacts for the site as it will exist after the approved interim actions.
have been implemented. These actions are currently in various stages of
design and implementation, and site conditions will be changing within the
next several years. The interim actions for which decisions have already
been made include (1) dismantlement of all site structures; (2) construction
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and operation of temporary storage and staging areas, i.e., the temporary
storage area (TSA) for bulk waste excavated from the quarry and the -
material staging area (MSA) for structural debris, soil, and construction

- material from the chemical plant area; and (3) construction and operétion
of a water treatment plant for surface water in the raffinate pits and other
site impoundments. As part of this assessment, impacts are also evaluated

- for a modified site configuration that focuses on soil-related exposures in
order to support the development of soil cleanup criteria.

* The third assessment — to be prepared for the groundwater operable
unit — will evaluate the site as it will exist after implementing the cleanup
decisions determined from this rémedial investigation/feasibility study-
environmental impact statement (RI/FS-EIS) and documented in the record
of decision. That is, the upcoming assessment is expected to reflect
conditions that will result from site remediation — such as soil cleanup
and other source control actions, removal of the temporary storage and
treatment facilities, and completmn of waste d;sposal

»Each phase includes both a short-term and a long-term component. It was assumed that existing
“institutional controls — such as DOE ownership, security guards, and monitoring. and .
maintenance actwmes — would continue in the short term but would be lost in the long term. ..

For this rebaseline assessment the short-term component summarizes differences
‘associated with the transitional site conditions resulting from interim actions; this analysxs )
‘assumes that institutional controls are retained, and it assesses changes in overall health effects

- from those presented in the BA (DOE 1992a). The long-term component addresses health effects
“associated with the interim site conditions under an assumed loss of institutional controls.: The

time period for the short-term assessment was assumed to extend over the next 10 years for

‘on-site exposures and over the next 30 years for off-site exposures. For the long-term .
assessment, the interim site conditions were assumed to extend into the Iong-term future, e.g., .

100 to 200 years and beyond, with exposure durations of 25 or 30 years depending on the
receptor.

The interim actions currently underway represent only a partial completion of site
‘cleanup activities, with additional decisions to be determined from the analyses in this
"RI/FS-EIS. Therefore, in addition to providing information to support the development of soil
’cleanup criteria, the long-term assessment must evaluate impacts that might occur if no further
cleanup actions were taken at the site beyond those. that have already been initiated. This

objective is addressed by the first component of the assessment for the site in transition, which -

" is referred to as the long-term assessment of the interim site configuration in this appendix.

' The second component of the long-term assessment evaluates exposures related to soil
contaminants that might occur in the absence of institutional controls at the site. For this
evaluation, a modified site configuration was defined to exclude other areas of contamiination
— e.g., the raffinate pits, TSA, and MSA — in order to focus on the development of cleanup
criteria for soil. The hypothetlcal loss of institutional controls was assumed to occur in the long-
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term future, so additional receptors — including a resident — were evaluated for this assessment -
compared with the BA. Both the short-term and the long-term analyses of the interim site
configuration evaluate the same receptors that were addressed in the BA; the exposure pathways
and intake estimates for these receptors are expected to be similar to those discussed in Chapter
3 of the BA, with some modifications to address altered site conditions. The modifications and
related changes in estimated health effects are discussed in Section E.2 for the short-term analysis
and Section E.3 for the long-term analysis. These two analyses are primarily qualitative.- The

- exposure pathways and the intakes and health effects estimated for the focused long-term -
assessment of the modified site conﬁguratxon are discussed in Section E.4; this analysis is
pnmanly quantitative.

: Background mformatnon on the site is summarized in Section 1.3 of this FS and is

presented in considerable detaxl in the RI (DOE 1992b) and the BA (DOE 1992a) for the chemical
plant area. Hence, it is not repeated in this appendix. Soil contamination associated with future
conditions is expected to be generally similar to that for current conditions. Therefore, the
related contaminants of concern and the toxicity assessment are similar to those presented in
Chapters 2 and 4, respectwely, of the BA. Because the methodologies used for the exposure
assessment, toxicity assessment, and risk characterization are described in considerable detail in
the BA, the following discussion makes extensive reference to that document to limit redundancy
and focus on new information. ‘

E.2 SHORT-TERM ASSESSMENT OF THE INTERIM SITE CONFIGURATION

: * This short-term assessment updates conditions evaluated for the short-term assessment
- in the BA and presents a qualitative comparison of potential impacts associated with new site
conditions. The impacts presented in environmental documents for the mdrvrdual interim.
actions were used for this comparative analysis. Under the reasonable scenario that assumes
institutional controls remain in place over the next 10 years, the following site conditions
associated with continued operation and maintenance activities are expected:

¢ The quarry water treatment plant is operational, and the quarry bulk waste
is in controlled storage at the TSA;

* All site structures are dismantled, and the resulting debris is in controlled’
storage at the MSA (which consists of several staging areas.and, for
purposes of this assessment, is considered to include the asbestos container
staging area); and

. The site water treatment plant is operatlonal

This analysis of interim site conditions considers the same receptors evaluated in the
short-term assessment of the BA — i.e., an on-site maintenance worker, on-site trespasser, and
off-site recreational visitor. The exposure assessment and resulting health effects associated with
exposures to soil and air are generally similar to those presented in the BA; this information is
summarized in Section 1.6 of this FS. Differences in the exposure assessment associated with
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changed site conditions (mcludmg the new facxlmes) and the resulting impact on total health
effects relative to those estimated in the BA are dxsmssed for these receptors in Sections E.2.1

_ through E.23.

E21 Ott-Site Maintenance Worker

‘The exposure pathways assessed in the BA for the on-site maintenance worker were

those associated with soil and air. The same pathways are relevant for the rebaseline
-assessment, and worker impacts would generally be similar to those estimated in the BA. Those
areas of the site covered by the MSA, TSA, and water treatment plant would no longer be

accessible so related exposures would not be relevant. However, this is not expected to affect
estimated health effects because contaminant concentrahons in soil at these areas are generally

similar to those in other areas of the site.

Extem_al gamma irradiation would be the primary exposure pathway during mainte- |

nance activities at the MSA and TSA because erosion controls would limit other exposures such
as inhalation. Only those workers directly involved in such activities are expected to be exposed
.because external gamma radiation decreases markedly with distance from the source. Exposures

éxat the MSA are expected to be insignificant because the level of radioactivity associated with
stmcmral debris and other material that would be stored there is generally low and the time

' required to conduct maintenance activities would be limited. In contrast, levels of radioactivity

. associated with’ certam quarry material at the TSA would be high. »

. The screening-level risk for a worker involved in maintenance activities for quarry waste

-, stored at the TSA was estimated to be 8 x 10°° per year, assuming a conservative dose rate of
.0.25 mrem/h over 500 hours per year (DOE 1990b). A more reasonable risk estimate — based

‘on a lower exposure rate and time of 0.1 mrem/h over 100 hours per year, which is more likely
— would be 6 x 10 per year. This value is about double the incremental risk estimated for a
maintenance worker from exposure to external gamma radiation from sitewide soil under
‘previous baseline conditions (3 x 10'5 over the 10-year period, or 3 x 10 per year).

_ Workers involved in water treatment plant operahons would be exposed to external
gamma irradiation from the containerized process waste. The occupational risk from this
exposure was calculated on the basis of a conservative exposure rate of 0.1 mR/h (MacDonell
‘et al. 1990), a conversion factor of 0.95 mrem/mR, and the conservative assumption that a
“worker would spend ‘about 40 hours per year doing maintenance activities for the limited
number of containers; the risk calculated for this exposure is about 2 x 106 per year. If it is
assumed that process waste from the treatment plant would be stored with the quarry waste at
the TSA, the combined risk to a worker at the TSA would be about 8 x 10 per year. This value
is about three times higher than the incremental risk estimated for the routine maintenance
sworker from sitewide external gamma irradiation under baseline conditions. Combined with
the risk from exposures to sitewide soil and air over the 40 hours per year, the total risk for the
additional worker would be about 1 x 10 over a 10-year period.

. '
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In summary, the potential risk to the additional worker under the interim site conditions

~-is expected to be about 20% of the risk estimated for the routine maintenance worker under
baseline conditions (Section 5.2 of the BA). The worker responsible for sitewide maintenance

activities, such as mowing grass and maintaining the perimeter fence, is not expected to also
conduct the maintenance activities at the new facilities because the routine maintenance activities

- are assumed to require 8 hours per day. Therefore, if it is assumed that the new work force for

site maintenance would consist of two individuals, adding a.second worker to maintain the
interim storage areas would slightly increase the total risk for the combined work force.
However, the potential risks for these workers are expected to be generally similar under both
baselme and new site conditions.

E.2.2 On-Site Trespasser

The two exposure points that contributed substantially to the total health effects
evaluated for the trespasser in the BA — i.e., the buildings and the raffinate pits — are not
relevant to the short-term rebaseline assessment. For baseline conditions, radiological and
chemical risks estimated for trespasser exposures at the buildings and raffinate pits represent
more than 98% of the totals for all potential sources; the hazard index estimated for the buildings .
alone exceeds 1, so they represent the primary source of potential noncarcinogenic impacts.
Indoor building exposures would no longer be possible under new site conditions because the
buildings would have been dismantled and the debris placed in short-term storage at the MSA.
For the raffinate pits, the likelihood of exposures would be low because the water treatment
plant would be operational and the presence of workers would limit trespassing.

Similarly, the likelihood of trespasser exposures at the newly constructed MSA and TSA
would be low because of the increased level of worker activity. In addition, exposures estimated
in the BA for soil at the locations of the new facilities would no longer be relevant; however, as
for the worker, this difference is not expected to change estimated health effects. Because
impacts associated with exposures at the buildings and raffinate pits would no longer occur
under new site conditions, potential impacts to the trespasser would only be associated with

: eprsures to soil and air; these impacts would be similar to those presented in the BA.

Therefore, the radiological and chemical risks for the trespasser would decrease to 2% or less of

those indicated in the BA for combined exposures, i.e., 2 x 10 and 2 x 107, respectively. In.
addition, the estimated hazard index would be much less than 1, so no noncarcmogeruc effects

would be expected under the interim site conditions. :

E.2.3 Off-Site Recreational Visitor

Off-site conditions are not expected to change within the next 30 years, with the possible
exception of flows in the Southeast Drainage. Hence, impacts for the recreational visitor are
expected to be generally similar to those presented in Section 5.3 of the BA. ‘For the Southeast
Drainage, the baseline exposure point concentrations evaluated for surface water in the BA’s
preliminary assessment could change if effluent were discharged to the drainage from the water
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~treatment plant that is beixig constructed on-site under an interim action (MacDonell et al. 1990).-

Under this action, water from on-site impoundments is.to be treated in the newly constructed
_treatment plant, and effluent is to be released to the Missouri River. The effluent might be
_released to the drainage for gravity flow to the river during the initial operating period of the
_treatment plant, depending on the completion schédule for the recent pipeline modification
(Sectxon 1.5.14). To be conservative, the analysis of potential incremental impacts associated
with this interim action assumes that the treated water would be discharged to the Southeast
. Drainage during the entire 10-year operational period projected for the plant. Results would be
-expected to bound potentnal impacts assoaated with a shorter-term release.

2.

Exposure assumptions identified for the off-site recreahonal visitor in the BA were used

to estimate the risk associated with ingesting treatment plant effluent from the Southeast:

Drainage. That is, the hypothetical receptor was assumed to visit the drainage 20 times per year
. and ingest 0.2 L of surface water during each visit over the discharge period. Residual levels

in the treated water were developed for the key contaminants in conjunction with the state of
.. Missouri as part of the decision-making process for the.interim action. For this analysis, -

contaminants were assumed to be present in the effluent at their established limits, and it was
;,,assumed that the effluent was mgested d1rectly, i.e., without mixing with other flows in the
L3 l ge R

.
i

m the effluent at their full dxscharge limits of 100 pCi/L for total uranium and 5 pCi/L for
- ® radium-226 and radium-228 combined (MacDonell et al. 1990). The radiological risk estimated
for directly ingesting effluent from the drainage over the entire discharge period is 8 x 107.
~ Most of this risk is attributable to.uranium; radium contributes less than 20%. The risk from

To be conservative, it was assumed that uranium and radium would always be present . -

~ ingesting treatment plant effluent from the Southeast Drainage is about 20% of that estimated . : .

for ingesting surface water from the drainage under baseline conditions over the same period
(4 x 10%). A time-adjustment factor was applied to account for the fraction of the total exposure
penod assumed for the BA (30 years) during which efﬂuent would be discharged (10 years).

. Asascreening-level estlm_ate, results for the effluent analysis were combmed with those
for the time-adjusted baseline analysis to assess potential cumulative impacts during the

discharge period. The combined radiological risk from ingesting surface water in the drainage

. during the 10-year period is 5 x 10°%; this value is about 20% higher than the baseline estimate

; for this exposure route. However, the increased risk from surface water ingestion would not
. appreciably change the total radiological risk estimated for combined exposures at the drainage
from ingestion of surface water and incidental ingestion of sediment under baseline conditions
(2 x 10 for two reasons. First, exposures to sediment account for most of the risk (about 95%),
- and second, incremental exposures to treatment plant effluent would occur during only a portion
. of the total exposure period assumed for this individual. In summary, overall radiological risks
;to the off-site recreational visitor under new site conditions are expected to be comparable to
.those presented in the BA.

The chermcal risk associated with ingesting treatment plant effluent from the Southeast
Drainage was estimated with the same conservative assumptions described above, including the
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assumption that the expected contaminants of concern in the effluent are always at the limits
identified in MacDonell et al. (1990). (Potential exposure to cyanide was not assessed because,
although an effluent limit was identified for this contaminant, it is not expected to be present.
- Cyanide was detected in early sampling of the raffinate pits and was therefore included in the
preliminary design of the water treatment plant to be conservative, but it has not been detected
in subsequent sampling at the pits and appears to. have been oxidized to nonhazardous end
" products over time.) The chemical risk estimated for-ingesting effluent from the drainage over
the 10-year operational period of the plant is about 4 x 10, which is about 10 times higher than
that identified for ingesting surface water from the drainage under baseline conditions over the
same period. Most of the risk is attributable to 2,4-dinitrotoluene (2,4-DNT) and arsenic. The
hazard index estimated for this period is less than 1 for both the baseline and interim 51te '
condmons

If the results for the effluent analysis are combined with those for the time-adjusted
_baseline analysis, the chemical risks from surface water ingestion during the operational period
of the treatment plant are estimated to be about 4 x 10. The total combined chemical risk over
the entire exposure period would be 4 times higher than that indicated for the preliminary
" assessment of baseline conditions, or about 5 x 10%. Therefore, chemical risks for an off-site
recreational visitor at the Southeast Drainage could inicrease slightly on the basis of conservative
exposure assumptions, but it is expected that not all of that receptor’s exposures would occur
at this location throughout the 10 years. For this reason, potential impacts to this receptor over
the entire exposure period, considering the new site conditions, are expected to be generally -
similar to those presented for the combined exposure points in the BA. . Additional
characterization data that will be collected for the Southeast Dramage within the next several
years will be used to refine this preliminary assessment. : S -

‘E.3 LONG-TERM ASSESSMENT OF THE INTERIM SITE CONFIGURATION

* The long-term assessment of the interim site conditions evaluates health effects that -
might occur if institutional controls were lost in the future and no further cleanup action had -
been taken at the site. This limited analysis provides the transition between baseline conditions
- evaluated in the BA (which did not include changes associated with recently approved interim
actions that have not yet been fully implemented) and the modified site configuration evaluated
to focus the development of soil cleanup criteria. For this analysis, potential exposures were
estimated for a future on-site recreational visitor assuming that operation and maintenance
_ activities cease at the new facilities when institutional controls are lost. Such an assumption is
purely hypothetical because a commitment has been made for full site cleanup and activities are
well under way to achieve this purpose. Also, in the unlikely event that full cleanup were
postponed, additional actions would first be implemented to further stabilize the temporary-
facilities. Nevertheless, the following site conditions were assumed to occur over time if site
controls were lost: the raffinate pits and ponds refill with water after treatment plant operations

cease and erosion controls at the TSA and MSA eventually fail such that erodible material is
subject to dispersal.
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The exposure assessment and the- estimated health’ impacts for this analysis are .

. generally similar to those presented in.the BA: and summarized in Section 1.6 of this FS.
However, some adjustments were made to reﬂect new site features; that is, exposures inside
buildings were excluded because the buildings would have been dismantled and exposures

- associated with the new facilities were added because maintenance activities would have ceased.

: For the case in which the exposures of a recreational visitor over 30 years were assumed
:to be distributed between the buildings, raffinate pits, and sitewide soil, exposures in the
:buildings accounted for about 35% of the total radiological risk and estimates for the raffinate
*;pits essentially contributed the balance; building exposures accounted for about 97% of the
chemical risks. If the recreational visitor were to divide exposures between walking across the
site and visiting the buildings, both the radiological and chemical risks from building exposures
would account for more than 95% of the total risks. Hence, after the buildings have been
- dismantled, overall risks could be reduced by these amounts for the case where exposures are
evenly distributed. In addition, the potential for noncarcinogenic health effects would no longer

- be indicated because the bmldmgs alone accounted for the hazard index above 1 for this
receptor : S

Overall health effects associated with exposure to site soxl could increase above those

_ presented in the BA as a result of accessibility to and/or dispersal of erodible material from the

- TSA. However, dispersal is not expected to be widespread because site-specific conditions

~would tend to limit erosion. For this reason, it is expected that much of the quarry material

_stored at the 5.4-ha (13-acre) TSA location would remain there rather than being distributed

across the site. Hence, exposures to this material could be estimated by considering the results _

" of the baseline risk evaluation that addressed exposures to the material in place at the 3.6-ha
(9-acre) quarry (DOE 1990a). Althbﬁgh specific contaminant levels are not yet known for all of
 this material (the quarry bulk waste will be further characterized upon placement in the TSA),

an approximation can be made from the information in the previous assessment. This approach

is expected to conservatively represent potential future health impacts associated with this waste

because the exposure point concentrations would be lower if the material were dispersed.

The radiological and chemical risks estimated for a trespasser in the previOus‘quarry

‘assessment were 9 x 107 and 4 x 10>, respectively, assuming a plausible maximum exposure

of 4 hours per visit and 50 visits per year for 10 years. In addition, the hazard index exceeded 1,
50 noncarcinogenic impacts were indicated. Because the total number of visits to the TSA
location by a recreational visitor is expected to be lower, related risks under rebaseline conditions
would also be lower. For example, if it is assumed that the recreational visitor would spend 25%
.of each visit at the TSA over the entire 30-year exposure period, the radiological and chemical

- risks would be about 2 x 10 5and 1 x 107° ) respectlvely, but noncarcinogenic effects could still

~be mdxcated

Overall health effects associated with the MSA are not expected to increase above those -

estimated in the BA because (1) the stored material would be similar to the material found
on-site under baseline conditions preceding its removal and (2) little of the contaminated
structural debris.and equipment would probably be dispersed. If waste drums and bin
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containers failed over time, containerized building debris such as PCB-contaminated material
“might be released. However, potential exposures to such material are expected to be somewhat
less than those described in the BA for a recreational visitor because concentrations from the
most highly contaminated buildings were used for that assessment, so impacts from exposure
to all building-related material are probably overestimated. In addition, exposure to indoor
radon decay products would not be relevant to the new site conditions, and this exposure
accounted for about 30% of the radiological risks associated with the buildings under baseline
conditions. Because exposures are generally expected to be less than those conservatively
estimated for baseline conditions, overall impacts to the recreational visitor associated with the
storage and staging areas are expected to be lower than those presented in the BA for related
matenal

Following the cessation of treatment plant operations, exposures at the raffinate pits.
(and other impoundments) and related health effects could be similar to those described in the
BA because the impoundments might refill with water and again serve as a source of potential
exposure. In summaiy, the changes associated with interim site conditions are expected to
balance each other so that overall impacts to the recreational visitor would be generally similar
to those presented in the BA. :

E4 LONG-TERM ASSESSMENT OF THE MODIFIED SITE CONFIGURATION

The long-term .assessment of the modified site configuration addresses soil-related
exposures that might occur in the extended absence of institutional controls. The results of this
assessment provide the framework for developing cleanup criteria for site soil, which are -
discussed in Chapter 2 of this FS. To focus this assessment on soil contaminants, the raffinate
pits and temporary facilities (MSA, TSA, and water treatment plant) were "set aside,” having
already been addressed in the assessments of interim conditions. For this analysis, health effects
from soil-related exposures were estimated for four hypothetical future on-site receptors: a
recreational visitor, a wildlife area ranger in an on-site ranger station, a resident, and a resident
farmer (hereafter referred to as the farmer). The assessment addresses pathways associated with
both direct and indirect exposures to soil, e.g., external gamma irradiation, incidental soil
ingestion and inhalation of airborne partxculates

E.4.1 Exposure Assessment .

" E4.11 Exposure Pathways

The soil-related exposure pathways for the on-site recreational visitor are the same- as
those presented in Table 3.1 and Section 3.2 of the BA. For the on-site ranger, resident, and
farmer, the following pathways were evaluated: external gamma irradiation, inhalation of
outdoor and indoor radon and contaminated airborne particulates, incidental ingestion of
outdoor soil and indoor dust, and ingestion of fish and game. Two additional ingestion

- pathways were assessed for the farmer: homegrown fruits and vegetables, and beef and dairy
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products The pathways evaluated for the various receptors are 1dent1ﬁed in Table E.1." This 0
table also shows the basis for the exposure point concentrahons used in t}us analy51s, which are
dxscussedeectronE413 - |,

A preliminary assessment was also conducted for the groundwater pathway The very
hnuted data available for the deep aquifer in the St. Peter Sandstone (which is the productive
aquifer in the area) do not indicate. that the aquxfer is contaminated. -In contrast, the data
available for the upper aquifer in the Burlington-Keokuk Limestone at the site have identified
elevated concentrations of uranium, nitroaromatic compounds, inorganic anions, and some heavy - -

= metals. These data for the shallow aquifer were used for the groundwater analysis, even though
sustainable pumping rates measured for this aquifer (1 L/min [0.3 gal/min]) have been lower
than the typical rate needed to support a household, so it would not be expected to be used for
- such purposes at the site. (This expectation is borne out by the depths of residential wells in the
' area, which extend to the deeper, productwe aquer)

_ The intent of the prehmmary groundwater assessment was to provide an early md1ca—

tion of potential health effects for this medium and to permit the summation of health effects

across reasonable multiple pathways. To provide this information, potential health effects were
. assessed for the resident from drinking water ingestion on a location-specific basis. A separate .
. analysis was not conducted for a resident farmer, e.g., to address irrigating a garden or
" providing water to a cow because current data indicate that-a well completed in the upper . :
. . aquifer of the site would not sustain all of these uses. Therefore, estimates for the farmer would .H’
- "be bounded by those determined. for the resident. After additional data are collected, this
_ preliminary assessment will be revised to address other considerations, such as those described
" for a farmer scenario, in documentauon to be prepared for the groundwater operable unit to be
prepared thhm the next several years. :

: “The analyses described thus far address potential health effects assocmted wuh surface
* soil contamination. To evaluate the contribution from subsurface contamination, potential
impacts were assessed for two scenarios: leaching of soil contaminants to groundwater and .
-redistribution onto’ the site surface of soil excavated for the ‘basement of a residence.
~ Contaminant leaching was evaluated so that potential future impacts to groundwater could be
_ factored into the development of soil cleanup criteria. This evaluation was conducted in
? accordance with guidance from the U.S. Environmental Protection Agency (EPA 1989b). The
" approach used to predict future groundwater concentrations is discussed in Section E.4.1.3, and
- the results of this analysis are presented in Section E. 4.2. - -

. For the soil redistribution scenario, the contaminants were assumed to be mixed during
_ excavation, stockpiling, and redistribution on the surface such that the new surface would
* contain the average concentrations in the 3 m (10 ft) of soil assumed to be excavated for a
" basement. Exposures of the resident to this new surface soil were evaluated with weighted

"For readability, all tables are presented in sequence at the end of the text and figures in this appendix. ﬂ’
Because values were rounded to one and two significant figures (for the estimated health effects and -~
intakes, respectively), summations within tables will not be exact. , :
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.averages of the contaminant concentration data over this depth. Because the methodology for
this- assessment parallels that used for addressing exposures to current surface soil
concentrations, it is not explicitly discussed in Sections E.4.1.2 and E.4.1.3. However, the results
of the redistribution analysis — i.e., estimated risks and hazard indexes — are discussed in
Section E4.2. This information was used to identify areas of subsurface contamination that
might contribute to health impacts under possible future condxhons, so they could be factored
into the comprehensive cleanup decisions for the site. .

E.4.12 Scenario-Specific Assumptions and Intake Parameters

The scenario assumptions and intake parameters used to estimate radiological and
chemical exposures for the recreational visitor, ranger, resident, and farmer are summarized in -
Table E.2. Because the values for the recreational visitor-are the same as those used for this
receptor in the BA (as described in Table 3.3 and Section 3.4.2 of that document), the supporting
rationale is not repeated here. The rationale for selecting. values for the three new receptors is
included in the followmg discussion.

'Exposure Time, Frequency, and Duration. The three parameters — exposure time,
frequency, and duration — together define the total extent of exposure at an exposure point. -
The exposure time is the number of hours per day (or hours per exposure event) that a receptor
is present at a specific exposure point; the exposure frequency is the number of days per year

(or events per year) that exposure occurs; and the éxposure duration is the total number of years . .-

- over which exposure occurs. For this assessment, the time allotted to indoor and outdoor
activities is important for certain exposure pathways, such as inhalation of radon and external
gamma irradiation, because indoor and outdoor exposures differ. Hence, as appropriate to the
exposure pathway, the exposure time has been divided into time spent indoors and time spent
outdoors.

The ranger was assumed to be on-site 8 hours per day, 250 days per year, over 25 years.
The exposure time assumes a normal 8-hour working day, and the exposure frequency and
duration are the standard values recommended for a worker by the EPA (1991a). The ranger
was assumed to spend 4 hours per day indoors doing office work and 4 hours per day outdoors
conducting trail maintenance and other activities. :

" The resident and farmer were assumed to be present at their residences 24 hours per
day, 350 days per year, over 30 years. These values are recommended by the EPA for reasonable
-maximum residential exposures (EPA 1991a). The resident and farmer were assumed to spend
23 and 20 hours per day indoors and 1 and 4 hours per day outdoors, respectively, averaged
over the entire year. :

Inhalation Rates. Scenario-specific inhalation rates were derived for the ranger,
resident, and farmer; separate inhalation rates were developed for indoor and outdoor exposures
because air concentrations of particulates and radon will differ (Section E.4.1.3). The default
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~value of 20 m*/workday (2.5 m>/h) provided by the EPA (1991a) is considered to be the

“reasonable maximum exposure” for a worker engaged in heavy outdoor activities such as

construction:or road maintenance (Dinan 1991), and this value was used to assess the ranger’s
~outdoor exposures. For indoor exposures, the ranger was assumed to conduct office work and
~ -other light activities for which the average inhalation rate was estimated to be 1 m3/h (EPA
“1989a). The ranger was assumed to spend the entire workday within the area impacted by site -
contamination. This assumption is expected to overestimate potential exposures and risks
‘because the site represents only a small fraction (less than 2%) of the surrounding wildlife area
“and it is likely that much of the ranger’s outdoor time would be spent in uncontaminated areas
-off-site. -

The EPA’s standard default value of 20 m?/ d was used for the resident’s inhalation rate;

this .value represents a combined value for indoor and outdoor residential activities. On the

 basis of reasonable activity patterns and related inhalation rates for a resident, the inhalation rate

derived for indoor exposures was 0.8 m®/h and that for outdoor exposures was 1.6 m®/h. For

the farmer, the level of indoor activity is expected to be generally similar to that assumed for the

- - resident, so the inhalation rate of 0.8 m3/h was used. However, the level of outdoor activity for

% a farmer would be higher than that fora typical resident; therefore, the EPA-recommended value

%of 2.5 m>/h for a worker involved in heavy activities was used to assess the farmer’s outdoor
inhalation exposmes

- Ingestion Rates for Soil and Dust. Individuals might ingest soil and indoor dust either
" inadvertently (e.g., by transfer from hands and fingers to food or cigarettes) or intentionally.(by
' pica). Pica behavior is generally associated with young children (1 to 6 years old) and refers to
‘an abnormal ingestion of soil (from 1 to 10 g per day) additional to soil that all children
" inadvertently ingest as part of normal mouthing behavior (about 0.2 g per day). Although
" studies are limited, EPA guidance indicates that the incidence of pica behavior in the normal
population is extremely low, so thlS behavior is not exphcxtly addressed in a risk assessment
(EPA 1989a). : :

Interim guidance from the EPA (1991a) for soil ingestion rates recommends the

_ following values: (1) 50 mg/d for a worker at a commercial or industrial property and (2) a

- combined value for a resident, assuming an ingestion rate of 200 mg/d for children (aged 1

" through 6, with an average body weight of 15 kg) and 100 mg/d for all other ages (i.e.; for the
" remaining years, with an average body weight of 70 kg) '

Consldenng the nature of a ranger's activities compared with those of a worker at a
commercxal or industrial setting, the rate of soil ingestion was increased to 120 mg per workday
- for this assessment. This value was derived in the same manner as that described in the BA for
 the recreational visitor (Section 3.4.2.3 of the BA). A value of 180 mg/d was used for the farmer
*-because higher expostires would be expected from farming activities. This value was estimated
with the same general assumptions used for the ranger and recreational visitor. For this
assessment, the ingestion rates for the ranger, resident, and farmer include both outdoor soil and
indoor dust. -
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Ingestion Rates for Drinking Water. The drinking water ingestion rate used for the
- resident was 2 'L/d, which is the standard default value recommended by the EPA (1991a). The
drinking water source was assumed to be an on-éite well. Because wells are not expected to be
present under a future recreational scenario, this pathway was not quantified for the recreational

" visitor or the ranger; the analysis for the resident includes the area that was defined for the

farmer, so potential impacts for the farmer are bounded by the location-specific resident analysis.
(The groundwater anaiysis in this document is preliminary because of current data limitations,
so it has been simplified to address the representative receptor, i.e., the resident. Potential
impacts for other receptors will be addressed in forthcoming environmental documentation for
the groundwater ‘operable unit.)

Ingestion Rates for Food. The ingestion rates for homegrown food for the farmer are .
the standard default values provided by the EPA (1991a). The rates recommended for ingestion
of homegrown fruits, vegetables, beef, and dairy products are 42, 80, 75, and 300 g/d,
respectively. The rates for ingestion of fish and game were determined from site-specific data,
including catch limits and area-use information for the Busch Wildlife Area lakes, maximum
allowable takes of game animals in the Weldon Spring area, estimates of the weights of edible
portions, and consumption rates; this mformanon is presented in Section 3.4.2.5 and Table 3.4

“of the BA.

Body Weight. The value for body weight was taken to be the average value ' -
appropriate for each receptor over the indicated exposure period. In accordance with EPA
(1991a) guidance, a value of 70 kg was used for the average adult body weight for the ranger,
resident, and farmer. To address differences in soil ingestion rates, a body weight of 15 kg was
used to estimate soil ingestion for the resident over a 6-year exposure period (to account for the
childhood years with a soil ingestion rate of 200 mg/d) and a body weight of 70 kg was used
over the remaining 24 years of the assumed 30-year exposure penod (to .account for the.

remaining years with a soil ingestion rate of 100 mg/d). ,

Averaging Time. Two intake estimates were calculated for each exposure point and
route of exposure, one for each of two different averaging times. The first was the estimated
average daily intake over an exposure duration of 25 years (9,125 days) for the ranger and-
30 years (10,950 days) for the resident and farmer. The average daily intake for these two
exposure durations was used to estimate potential noncarcinogenic health effects associated with
the chemical contaminants of concern. The second intake estimate was the total intake estimated
for the 25- or 30-year period, averaged over a lifetime of 70 years (25,550 days). The lifetime
average was used to calculate carcinogenic risks for the chemical contaminants because the EPA
slope factors for estimating these risks are based on an exposure period of 70 years. Although
these averaging times are different, the total intakes for the scenario-specific exposure durations

-are the same as those for the lifetime period.



CE16
E. 4.1.3 Exposure Point Cor\cexitrations and -Estimates of Contaminant Intakes

As appropnate to the scenario and route of exposure, the exposure pomt concentrations
of contaminants in air and surface soil were determined by one of three approaches. The
sitewide approach used the 95% upper confidence limit of the arithmetic average (ULgg) for all
surface measurements. The location-specific approach used the concentrations associated with
each borehole, assuming that a resident could live at any one of the sampling locations. - The
farmer-area approach consisted of two methods: for chemical contaminants, the UL95 values of
the arithmetic average from borehole measurements in-the Ash Pond area (Figure E.1') were

qused. This approach was also used for the radionuclides, except for uranium, incorporating -

- information from the radiological source term analysis for those radionuclides not directly
‘measured (see Table 2.3 of the BA). For uranium, a contour-weighted value was determined by

kriging the measurements from the Ash Pond area. (Contour-weighted averages were also

" determined for radium and thorium from measurements in the Ash Pond area; these more repre-
sentative values were much lower than those estimated by applying information from the source
term analysis to the uranium value. However, to be conservative, the exposure point concen-
trations used for radium and thormm in this assessment were dehenmned from the values for

'»uramum)

v

The sitewide approach ‘was apphed for cases in which a receptor’s activities would be .

expected to occur at random locations across the site, as for the recreational visitor and the

.ranger during outdoor activities. The location-specific approach was applied to address -

exposures that would be expected to occur at fixed locations, such as the ranger station and the

resident’s or farmer’s house. That is, it was assumed that the ranger station and the residence.
.could be constructed at 'any one of the numerous borehole locations, so all relevant exposure .

pathways were assessed for the ranger and the resident at each individual location. From the -
. spatial distribution of the boreholes, these locahons typically represent 0.1 to 0.2 ha (0.25 to

0.5 acre).

~ Because more space is required for a family farm than for a'typical residence, an area
approach, rather than a location-specific approach, was used-for the farmer analysis. An area

of 1ha (25 acres) has been identified as reasonable for supporting a single cow, and 2 ha -

5 acres) has been identified as reasonable for the farm of a four-person family (Gilbert et al.

1989) "The 4-ha (10-acre) Ash Pond area was evaluated for the family farm scenario because this
_location is ‘the most radioactively . contaminated and also contains most of the chemical.

_contaminants of concern. The bases for the exposure pomt concentrations used for each receptor
, ‘and pathway are shown in Table El.. '

For the analyses of future land-use scenarios, contarmnant levels in soil were assumed

to be similar to those under current conditions. Because processing operations have long since

~ceased at the site, this is expected to be a reasonable but conservative assumption for eshmatmg
exposure point concentrations, with one exception. The concentrations of some radionuclides

could increase as a result of ingrowth over a future time period that extends to thousands of

"For readability, éll“'ﬁgures are presented in sequence at the end of the text of this appendix.

¢
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years. For example, ingrowth of radium-226 from uranium would produce a peak concentration
of radon-222 after about 200,000 years. This factor was considered in developing cleanup criteria
for site soil. In general, the levels of other soil contaminants would be expected to decrease over
time as a result of natural processes such as erosion, atmospheric deposition from
uncontaminated sources, and biodegradation (for organic compounds).

A large number of data points are associated with. this assessment because analyses
were conducted for more than 30 different chemicals at about 300 separate locations, with a
similar number of locations sampled for radionuclides. Therefore, the exposure point
concentrations and intakes estimated for each location are not presented in this document.
However, to provide information that could be used to repeat an example calculation of risks
and hazard quotients for a resident from exposures to soil and air, three locations were selected
for presentation. These represent the locations at which the median radiological risk, chemical
risk, and hazard index were determined for the resident. Because the values for the median
risks and hazard index also apply to a large number of other locations (reflecting the general
similarity of contamination across much of the site), they are not shown on a figure. The -
exposure point concentrations, radiological doses, and associated risks for the median radio-
logical risk location are presented in Table E.3. The exposure point concentrations, chemical
intakes, and risks and hazard quotients for the respective median locations for chemical
contaminants are given in Tables E.4 and E.5. The exposure point concentrations, doses, and
intakes estimated for the farmer from ingestion of homegrown food are presented in Tables E.6
and E.7. The results of the analyses for all receptors considering all relevant locations — i.e., the
estimated carcinogenic risks and hazard indexes — are presented in Section E.4.2. The specific
methodology and assumptions used to derive the exposure point concentrations and estimate
contaminant intakes for this assessment are summarized in the following discussion. '

External Gamma Irradiation. The dose from external gamma irradiation was calculated
by multiplying the length of time an individual is assumed to be exposed to the given radiation
" field by the measured field strength and the dose conversion factor of 0.95 mrem/mR (as
-discussed in Sections 3.3.1.1 and 3.4.3.1 of the BA). A background exposure rate of 10 pR/h was

subtracted from each exposure point concentration to identify the incremental effect of site
contamination. (At most locations, natural background radiation is the major contributor to the
total external gamma dose.) For the redistribution scenario, the dose was calculated with
information from the radiological source term analysis and Equation 3.9 from the BA. To
estimate the dose during time spent indoors for the ranger, resident, and farmer, a shielding
factor of 0.7 was used to account for attenuation by the walls and floor (Gilbert et al. 1989).

Inhalation of Outdoor and Indoor Air. Airbome particulates and radon in both

outdoor and indoor air have been addressed in this assessment. Following the approach
~ developed in the BA, outdoor air particulate concentrations were assumed to be typical of those
measured in rural areas in Missouri, with 50% of the respirable fraction originating from
contaminated soil. On the basis of these assumptions, the concentration of respirable particulates
from contaminated soil was estimated to be 0.025 mg/ m? (Section 3.3.4 of the BA). This estimate
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was combined with the contaminant concentrations in surface soil at the site to calculate airborne
contaminant concentrations for the various receptors. For indoor air, it was assumed that 80%
of airborne particulates other than those resulting from the radioactive decay of radon gas
(which were estimated separately) are derived from outdoor airborne particulates (Stern 1976;
.Ozkaynak 1991) :

The sitewide UI.95 for each contaminant in surface soil was used to calculate airborne
contaminant concentrations under future conditions for the recreational visitor and for outdoor
- exposures of the ranger. A location-specific analysis was conducted for all other inhalation
.-calculations; the analysis was based on the assumption that airborne contaminants originated

. from the soil at each discrete sampling location as a result of dust-generating activities. The
methodology for deriving the soil concentrations used to estimate the airborne contaminant con-

. centrations for the sitewide and location-specific analyses is given in the following subsection
. on incidental ingestion of soil and dust. The intakes of radioactive and chemical contaminants
. for mdoor and outdoor air were eshmated with. Equatmns 3 15 and 3.16, respectwely, Erom the
BA. .

. ~ The exposure point concentrations for radon-222 and its short-lived decay products in

~outdoor air were determined by estimating the emanation from radium-226 (sitewide ULgg).in

_ surface soil, as described in Section 3.3.4 of the BA. The exposure point concentrations for

radon-222 and its short-lived decay products in indoor air were determined by estimating the - -

. yamount of radon gas that Would enter the structure (i.e., the home or the ranger station) at each

location and the concentration of decay products that could accumulate inside. The gas was -
assumed to enter the structure from the surrounding soil, primarily through the basement or
foundation slab. The indoor concentrations of radon-222 decay products in units of working -

«level (WL) were estimated for the ranger, resident, and farmer with a conversion factor of
' 0.0041 WL per pCi/g of radium-226 in surrOundmg soil (Gilbert et al. 1983). The doses from

exposure to indoor and outdoor radon were estimated with Equation 3.14 from the BA. The -

local background concentration of 1.2 pCi/g for radium-226 was subtracted from the soil
exposure point concentration to identify incremental effects for both indoor and outdoor radon.

Sources other than subéurﬁce soil ‘could also ‘contribute to indoor radon, such as

- volatilization from well water used by a resident.. Water sources are estimated to contribute
*approximately 1 to 7% of the radon concentration in indoor air in the United States (Milvy and
Cothern 1990). For cases in which the radon concentration of a domestic water supply is

-elevated (e.g., from 500 to 10, 000 pCi/L), volatilization from water in a home is still estimated
‘to contribute only about 5.to 12% of the total indoor radon concentration (Cross et al. 1985).

Elevated concentrations of radium-226 have not been detected in groundwater of the Burlington-
Keokuk Limestone aquifer, and minimal radium-226 contamination exists at depth (i.e., most

-radium-226 contamination is present in the top 0.3 m [1 ft] of soil at the site, and elevated levels

have not been measured beyond a depth of 2.4 m [8 ft]). Therefore, radon is not expected to be

~ elevated above background in well water at the site. As a point of reference, background radon

concentrations in groundwater in St. Charles County Missouri, have been reported to be less
than 100 pCi/L (Longtm 1990).
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From this information, the contribution to “total indoor radon associated with

;volatxhzahon from well water would be insignificant on the basis of current contaminant

conditions, i.e., less than a few percent relative to other sources. For these reasons, the potential
contribution to indoor radon from groundwater was not separately assessed for the resident.

However, a preliminary assessment of this pathway was performed to address potential future
conditions under which radium-226 is assumed to have leached to groundwater. _

Incidental Ingestion of Soil and Dust. For the ingestion of outdoor soil and indoor -
dust, the exposure point concentrations were the same as those derived in the BA for the
sitewide and location-specific analyses (Section 3.3.1 of the BA). The exposure point
concentrations used for the family farm scenario were as described in the introductory discussion
of this section. These concentrations, which were also used for the farm-related food ingestion.
pathways, are given in Tables E.6 and E.7. For the ranger, resident, and farmer, the contaminant
concentrations in indoor dust were conservatively assumed to be the same as those in outdoor.
soil.

The intakes of radioactive and chemical contaminants from incidental inéestio_n of -
outdoor soil and indoor dust were estimated with Equations 3.10 and 3.11 from the BA for all
receptors except the resident. For the resident, Equation 3.11 was modified to take into account

the different body weights (15 and 70 kg), and both equations were modified to address the
different soil ingestion rates (200 and 100 mg/ d) assumed over the 30-year penod as descnbed -
- in Section E.4.1.2.

. Ingestion of Fish §nd Game. The methodology and assumptions for ingestioh of fish

and game are described in Sections 3.3.5 and 3.4.7 of the BA. The intakes of radioactive and «

chemical contaminants from ingestion of fish and game were estimated with Equations 3.17 and
3.18 from the BA. : :

Ingestion of Fruits and Vegetables. The methodology and assumptions used to
estimate exposure point concentrations in fruits and vegetables for the family farm scenario are
the same as those described for estimating contaminant concentrations in plants for the game
ingestion pathway in Sections 3.3.5 and 3.4.7 and Appendix E of the BA. The initial exposure
point concentrations (in soil) were determined as previously described for ingestion of soil and
dust at the Ash Pond area. Secondary exposure point concentrations (in fruits and vegetables)
were estimated with the methodology described for vegetation in Section 3.3.5.2 and Appendix E
of the BA. The intakes of radioactive and chemical contaminants from ingesting fruits and
vegetables were estimated with Equations 3.17 and 3.18 from the BA, assumingthat all of the
homegrown food ‘ingested would be from the contaminated Ash Pond area.

Ingestioh of Beef and Dairy Products. The methodology and assumptions'used to
estimate ingestion of beef and dairy products for the family farm scenario were similar to those
identified for ingestion of game animals in Section 3.3.5.2 of the BA. The initial exposure point
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concentrations (in soil) were determined as described for ingestion of soil and dust at the Ash
Pond area. Secondary exposure point concentrations (in grass and cow meat) were estimated
with the methodology described for vegetation and game animals in Section 3.3.5.2 and

~ Appendix E of the BA. For dairy products, exposure point concentrations were estimated with'
- milk biotransfer or assimilation factors from the scientific literature (Table E.8). The milk -

. biotransfer factor represents the fraction of the contaminant ingested daily with dietary plant

- tissue that is transferred to and remains in milk. It is represented by the ratio of the
concentration in milk (pCi/L for radionuclides and mg/L or mg/kg for chemicals) per daily
intake of contaminant (pCi/d for radionuclides and mg/d for chemicals). The intakes of
" radioactive and chemical contaminants from ingestion of homegrown beef and dairy products
were estimated with Equations 3.17 and 3.18 from the BA, assuming that all homegrown food
“would be from the contaminated Ash Pond area.

. Ingeoﬁon and Inhalaﬁon of G_roundwater Contaminants. The preliminary analysis of
exposure to groundwater contaminants for this stage of the site evaluation process addresses
- both current and possible future conditions. For the current assessment, location-specific concen-

 trations were estimated for key contaminants from the limited data available, by contouring -
“averages of measured concentrations from monitoring wells completed .in the shallow ..
(Burlington-Keokuk leestone) aquifer. (Contaminants with a very low detechon frequency. -

could not be appropriately contoured; the available averages are discussed in Appendix B of the

BA.) The concentration contours were then correlated with appropriate soil boreholes to estimate. .

' concentrahons for the locahon-specxﬁc analyses

- To evaluate exposures associated with potential groundwater contamination in the long-

* term_future, exposure point concentrations were predicted by modeling the - leaching of
contaminants from soil to groundwater. This modeling approach was applied because current . .

contaminants would be transported away from the site by groundwater flow over time, so the
contaminant concentrations in groundwater in the extended long term would reflect the
contribution from soil leaching. (Although leaching would reduce contaminant concentrations

. in soil, for conservatism this reduction was not considered in assessing the soil-related pathways -

for the future land-use. scenarios.) The sitewide surface Ulgg values were evaluated for
inorganic contaminants to provide a general indication for the site as a whole relative to
" potential future groundwater contamination. Leaching predictions were not determined on the
" basis of sitewide ‘Ulgg values for organic compounds because these contaminants have been
* detected at only a few locations. Instead, a separate location-specific analysis was conducted to
provide a preliminary indication of potential impacts for organic compounds at the individual
conmmnahed locations, to address the scenario under which a resident is assumed to drill a well
~ to the upper aquifer at one of those locations. The maximum measured soil concentration

* (surface or subsurface) was used for each of the organic contaminants of concern. For:

comparison, leaching was also modeled for the 30-ha (70-acre) off-site background location with
- ULgg values for chemicals and average concentrations for radionuclides in local soil.

I..eachmg of soil contammants to groundwater was estimated by couplmg calculations
for the unsaturated and saturated zones and accountmg for a site-estimated infiltration rate, the
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lateral extent of contaminated soil, horizontal and vertical flow rates, and an aquer dilution
factor. Two different values were used for the rate of infiltration through site soil. A value of
5 cm/yr (2 in./yr) was based on a preliminary estimate for the region by the U.S. Geological
Survey, and a value of 13 cm/yr (5 in./yr) was based on a preliminary water balance study for
the site (Jones 1990). Values for parameters such as hydraulic conductivity and distribution
coefficients were derived from site-specific data and from the literature, and the different types
. of overburden material present were considered. Values used for these and other parameters
are indicated in the following discussion.

The equations and methodology used to predict contaminant concentrahons in
groundwater from soxl leaching are as follows:

C..

' Cwi=E%t—);' . : . R (E1).
where: _
qi = concentration of cor\tammant iin groundwater (pGi/L for radio-
" nuclides, mg/L for chemicals);
~ Gy = soil concentratlon of contaminant i (pCi/g for radronuchdes, mg/g
" for chenucals)
K, = distribution coefficient for contaminant i (L/g); and
| D; = dilution factor between the unsaturated and saturated zones
: (unitless).
The dilution factor is determined from the relationship:
1 v . : .
_where:
Vq = Darcy velocity in the saturated zone (cm/s);
T = .thickness of the saturated zone (m);
CF = conversion factor (3.2 x 107 s/yr);
I = infiltration rate (an/yr); o




‘E'-zz..?f
X; = length of the - contaxmnated zone parallel to the direction of
‘groundwater flow (m) and o =

P, = effectwe poro51ty of the unsaturated zone @3/m3).

v

The Darcy velocxty in the saturated zone is determined from the relabons}up V4=Kx Vh,

where K = hydraulic conducnwty of the saturated zone (cm/ s) and Vh = hydrauhc gradient of
the saturated zone (m/m). : ' . :

For these preliminary calculations, the thickness of the unconfined, saturated aquifer
was assumed to be 7.6 m (25 ft); a value of 3.8 m/d (12.5 ft/d) was assumed for the hydraulic
conductivity; a value of 0.02 was used for the hydraulic gradient; and a value of 0.3 was taken

~ from the literature to represent the effective porosity of unconsolidated soil (Freeze and Cherry
-1979). The length used for the contaminated zone parallel to the natural groundwater flow
varied according to the specific analysis. A length of 760 m (2,500 ft) was assumed for the

~ sitewide analysis, and a length of 46 m (150 ft) was assumed for the analysis of individual -
- boreholes for the off-site background location. The K, values were estimated from site-specific

info;mation and 'from the literature; these values are listed in Table E.1 of the BA.

The groundwater concentrations eshmated from these calculations are conservative

_because the level of soil contammahon was not assumed to decrease over-time and the -

_concentration in the aquer was identified for a point directly below the contaminated zone (i.e.,
- the path length to the receptor was assumed to be zero). In addition, the initial leaching was
assumed to occur as an equilibrium process, with the rate of desorption from soil to.water equal
to the rate of sorption. The concentration in the saturated aquifer was approximated by

-assuming that the contaminated water would mix mstantaneously and homogeneously with

* uncontaminated groundwater.

The leaching calculations are mdependent of time and simply mdxcate the concentration
in groundwater that might eventually occur. To incorporate the time factor, breakthrough times
at which contaminants could reach the water table were approximated by applying the approach
of Gilbert et al. (1989), with representative values determined from hydrogeological information
for the site to reflect potential sorption processes in the overburden material. For these

% calculations, the contaminant was assumed to move through the unsaturated zone to the water
“table as a slug, with retardation of the transport velocxty occurring as a result of sorption
_ processes along the flow path. '

The predicted exposure pomt concentratnons of radioactive and chemical contaminants

- in gromdwater from soil leaching were used to calculate intakes from ingestion of drinking

* water. The intakes were estimated with Equations 3.12 and 3.13 of the BA, and the nsks and
‘hazard indexes estimated from ttus mtake are dxscussed in Sectxon E4.2

In conjunction with estunatmg the leachmg of radlonuchdes from soil to groundwater,
_the amount of radon in groundwater that could result from leaching was also assessed. This
groundwater concentration was calculated by addmg the estimated (leached) concentration of
radium-226 in groundwater (assuming secular equilibrium) with the concentration of radon-222
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~ in groundwater produced from radium-226 in soil at the soil-water interface. Because the
distribution of radium-226 in the soil column is unknown and difficult to predict, it was
conservatively assumed that the concentration of radium-226 in soil at the soil-water interface
would be equal to the concentration of radium-226 in the contaminated zone from which it had
leached. The equilibrium radon concentration in the pore space was calculated as follows:

(CRa x p x‘E) L
= (E3)
Cin 53

Whére:

Can = ethbnum concentration of radon-222 in the pore space
(pCi/em’);

‘Cr, = concentration of radium-226 in soil (pCi/g);
p = bulk density of soil (assumed to be 179 g/em3);
E = emanation coefﬁcient (assumed to be 0.4); and
“ P = soil porosity (assumed to be 0.45). |

The concentration of radon in groundwater was then calculated by dividing the
equilibrium concentration of radon in the soil pore space by the dilution factor used in
Equation E.1. This methodology for calculatmg the amount of radon in groundwater is very
conservative and is intended as only a preliminary estimate. This estimate will be further
refined in the forthcoming documentation for the groundwater operable unit, after additional
information on subsurface charactenshcs and groundwater quality becomes available.

: The predlcted exposure point concentration for radon-222 in groundwater was used to
estimate potential impacts from drinking water ingestion and inhalation; the inhalation
concentration was based on the contribution to radon-222 in indoor air from volatilization. It
was estimated that the concentration of radon in indoor air (pCi/L of air) following volatilization
from well water would be 0.01% of the initial concentration in the water (pCi/L of water) Milvy
and Cothern 1990). The results of this preliminary assessment are presented in Section E4.2.1.

Other than radon gas, the preliminary assessment for groundwater does not address the

release of contaminants to indoor air because volatile compounds are not expected to be present.
The potential contribution to indoor exposures of radon as a result of volatilization from
groundwater is addressed in the discussion of inhalation of indoor air (Section E.4.1.3).

E42 Characterization of Health Effects

Carcmogemc risks from hypothetical radiological and chemical exposures at the site
were assessed in terms of the increased probability that an individual would develop cancer over

\
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a lifetime. The EPA has indicated that, for known or suspected carcinogens, acceptable exposure
levels for a member of the general public associated with sites on the National Priorities List
+(NPL) are generally concentration levels that represent an excess upper bound lifetime cancer
risk of between 1 x 10 (1 in 1 million) and 1 x110* (1 in 10,000) (EPA 1990). This range is
referred to as the target risk range in the following discussion and is used as a point of reference
for discussing the results of the carcinogenic risk assessment for the site. Identifying a risk as
~being within this range does not exclude it from further consideration relative to forthcoming
“cleanup decisions. The final remedial action goals for the site will be determined from various
< analyses in the RI/FS-EIS, including the preliminary application of DOE’s as low as reasonably
. #achievable (ALARA) process for reducing exposures and risks, which is discussed in Chapter 2.

The potential for health - effects other than cancer from possible exposures to site

contaminants was also assessed. The quantitative measures of noncarcinogenic health effects are

- the hazard quotient and hazard index. In general, a hazard quotient or an endpoint-specific

-hazard index greater than 1 indicates the potential for noncarcinogenic health effects.
* Conversely, a level of 1 or less is considered to indicate a nonhazardous situation.

% . The methodology used to charactenze radmloglcal risks, chemical risks, and hazard.
»indexes is described in detail in Section 5.1 of the BA. The estimated health effects are presented

* separately for the radmlog1cal and chemical analyses in Sections E4.2.1 and E4.2:2 of this
appendxx . ‘

E.4.21 Radiological Risks

" The - radiological “risks from  external gamma irradiation, inhalation of airborne

contaminants generated from site soil, and incidental ingestion of soil are shown in Table E.9.

The contributions of individual contaminants to each pathway are shown in Table E.10. Of the
three soil-related exposures, inhalation poses the greatest risk to each receptor; essenhally all of
the inhalation risk comes from radon-222 decay products. The incremental inhalation risks for
the recreational visitor and farmer are 5 x 10° 3and 1 x 10°2. The incremental risk for the ranger

- varies from 5 x 10 to 1 x 102, with a median of 5 x 10%; and that for the resident ranges from
6 x 107 to 8 x 102, with a median of 2 x.10°. (Because outdoor exposures for the ranger are
" estimated on a sitewide basis and tend to be much higher than the location-specific nsks at most
locahons, the median value and the low end of the range are comparable.)

-Only the inhalation risk for the recreatxonal visitor is within EPA’s target range because’
“all of the recreational visitor's exposures are outdoors (i.e., indoor radon is not a pathway of
" concern) and the amount of time that the visitor is exposed to contamination is less than that of
_the other three receptors. The inhalation risk for the resident and farmer is essentially all from
“indoor radon-222 decay products, which account for about 90% of the combined risk from indoor
and outdoor exposures for the resident (averaged over all boreholes) and about 80% for the
 farmer at the Ash Pond area. Inhalation risks for the resident are higher at many locations than
those for the farmer because the resident spends more time indoors, so the impact of indoor

- radon-222 decay products is greater. The locations at which inhalation risks for the ranger and

the resident exceed the target range are those at which high concentrations of radium-226 in site
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soil were either measured or derived from the radiological source term analysis. These risks are
probably overestimated by at least a factor of 2 because the conservatively biased source term
analysis was used to derive radium concentrations at about 70% of the borehole locations (see
Sectlon 5.2.3.1 of the BA).

For the ranger, outdoor radon is the major contributor to the inhalation risk because
outdoor exposures were calculated from the sitewide ULy for radium-226. This sitewide value
is biased high because the majority of radium-226 measurements were taken from areas with
elevated external gamma measurements. The incremental risk from inhalation of, outdoor
" radon-222 decay products for this receptor is estimated to be 5 x 10. This risk is also probably
" overestimated by a factor of 2 or more as a result of the biased samphng strategy used to obtain

the radium-226 concentration in surface soil. -

In fact, radon represents a special case that was not explicitly accounted for in the
development of EPA’s target risk range for NPL sites, and the EPA has identified a separate
health-based level for this contaminant. (The concentration of radon in indoor air that is
considered acceptable by EPA is 4 pCi/L [EPA 1992].) Compared with the target risk range,
relatively high risks are associated with naturally occurring levels of radon. For example, the
EPA has estimated that the lifetime risk from inhaling background levels of radon-222 and its

" short-lived decay products is about 1 x 10-2 (EPA 1989c). The risks estimated for the recreational
visitor, ranger, resident, and farmer from radon inhalation can be compared with the risk from
exposure to ambient levels by using the same exposure assumptions with the background value
of 1.2 pCi/g for radium-226; the risks associated with inhalation of radon at a background
location are 5 x 10 for the recreahonal visitor, 3 x 107 for the ranger, and 2 x 107 for both the
resident and farmer. : :

The total risks from incidental ingestion of soil are much lower than the incremental
risks from inhalation. In most cases, lead-210 is the primary contributor. The total risks
estimated for the recreational visitor and farmer are 8 x 10% and 4 x 104, respectively; these
~ values also regresent the incremental risks for those receptors. For the ranger, the total ingestion

risk is 9 x 10, and the incremental risk is 8 x 10~. The total risk for the resident ranges from
5x 107 to 3 x 10'3 with a median of 1 x 10>; the mcremental risk ranges from 0 (background)
to 3 x 103, Although the total and mcremental risks for the recreational visitor and ranger are
less than 1 x 1074, the incremental risks exceed this level for the farmer at the Ash Pond area and
for the resident at 44 locations. The ingestion risks for the ranger, resident, and farmer can be
compared with the risks for these receptors at a background location by using the same exposure
assumptions with background concentrations of the radionuclides (i.e., 1.2 pCi/g for radio-
nuclides in the uranium-238 and thorium-232 decay series and 0.055 pCi/g for radionuclides in
the uranium-235 decay series). The ingestion risks associated with background levels of these
radionuclides for the recreational visitor, ranger, resxdent and farmer are 8 x 107, 8 x 105,
1 x 10, and 2 10>, respectively. :

: The mcremental risks from external gamma irradiation are relahvely small for each
receptor compared with. those from inhalation, and they exhibit the least variation of all soil-
related nsks The incremental risks for the recreational visitor and farmer are 4 x 10 and
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3 x 10 respectwely The ranger’s nsks vary between 4 x 10 and 6 x 10, with a median of

5 x 10’5 For the resident, the mcremental risk ranges from 0 (background) to 6 x 10~ with a

median of 2,x 104, These estimates for on-site exposures can be compared with the nsk from

background external gamma irradiation by using the same exposure assumptions with the local

background value of 10 aR/h; the associated risk is 1 x 105 for the recreatlonal visitor, 2 x 10‘4
" for the ranger, and 1 x 10° for both: the resident and farmer..

- The total risks from extemal gamma irradiation, incidental mgestlon, and mhalatlon
combmed are summed in Table E.9. The total risk is 6 x 10 5 for the recreational visitor and
] x 102 for the farmer. For the ranger, this risk varies from 6 x 10 to 1 x 102, with a median
‘of 7 x 10%. For the resident, the risk ranges from 1 x 10 to 9 x 102, with a median of 2 x 10
(Figure E.2). Because the incremental risk- from inhalation of radon-222 decay products
- dominates the total combined risk, this estimate essentially represents those results. For
comparison, the combined risk for external gamma irradiation, incidental mgeshon, and
inhalation at the background location is 2 x 10” for the recreational visitor, 5 x 10 for the
ranger, and 3 x 10 for both the. resident and farmer. As indicated by Figure E.2, the
incremental risk for the resident from these combmed exposures exceeds both the target range
rand the backgrOund risk at many locations. :

- In addition to the expostres to soﬂ and air common to all receptors, ingestion of

-homegrown food (garden produce and beef and dairy products) was evaluated for the farmer.
'Radionuclide-specific doses and risks estimated for this exposure are given in Table E.11. The
‘total radiological risk to the farmer from ingesting homegrown food is 7 x 10%, and lead-210 is

- -the primary contributor. For comparison, the radiological risk estimated for the farmer at the

off-site background location with the same exposure assumptions is 5 x 107. "S. The uncertainty
.associated with the food ingestion pathway is high because biouptake data for the site are
- limited and very little information is available in the literature from which to determine
appropriate plant uptake and animal biotransfer factors for each contaminant under site-specific
conditions. - Therefore, results have been presented separately for this pathway and compared
with background estimates to indicate relative impacts. To also provide an estimate of
- reasonable maximum exposures, results for the ingestion of homegrown food are summed with

the results for inhalation, incidental ingestion of soil, and external gamma irradiation for the -

farmer in the summary presentation (Section E.6.2). Ingestion of fish and game could also be
r#included for each receptor, and those results are given in Sections 5.2.4.1 and 5.3.2.1 of the BA
:(DOE 1992a). The incremental risk estimated for' mgestmg fish and game would be within or
below EPA’s target range. :

-

Results for potential groundwater exposures in this rebaseline assessment are consndered
preliminary because the available hydrogeological data on which the estimates were based are
limited. The contaminated groundwater in the shallow (Burlington-Keokuk Limestone) aquifer

- at the site is not currently used as a drinking water supply. Groundwater is being addressed
as a separate operable unit of the overall site remediation process because more information is
needed to support final cleanup ‘decisions. The hydrogeology at the site will be further
characterized over the next several years to support an expanded evaluation of groundwater,
which will include an assessment of exposures combined across all reasonable pathways. For
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these reasons, the screening-level results for groundwater ingestion are not summed with the
- other basic pathways at the current stage of the assessment process. To assess current risks for
the hypothetical resident from drinking water ingestion, radiological exposures were estimated
from contoured concentrations of uranium in groundwater beneath each soil borehole. (Uranium
- is the only radionuclide that has been detected in site groundwater at concentrations elevated
above background.) To predict future risks, the contaminant concentrations in groundwater
were estimated from leaching calculations for site soil. The results of these two analyses are
shown in Table E.12. To put the results in perspective, the total risk associated with EPA’s

proposed drinking water standards for radionuclides (EPA 1991b) was calculated with the same =

exposure parameters that were used in this assessment. The total risk associated with the
proposed maximum contaminant levels is 1 x 10” -3, and radium accounts for almost 80%.

Results of the 1eafching analyses indicate that lead-210 is the major contributor to therisk .
associated with drinking groundwater under predicted future conditions, both on-site and at the
off-site background location. These calculations do not incorporate a time factor, so the
contaminant-specific results cannot be directly summed to estimate a total risk. If time were also
considered, these fairly immobile contaminants with K4 values greater than 100 (see Table E.1
of the BA) would not be expected to reach the unconfined groundwater aquifer for more than
10,000 years as a result of nonpreferential leaching through the unconsolidated overburden .
material (Figure E.3). For those instances in which a preferential pathway might be estabhshed
this transport time would be shorter.

Conservative estimates of future radon-222 concentrations in groundwater that could
result from radium-226 leaching through the soil column for an infiltration rate of 5 am/yr -
(2 in./yr) are 970 and 105 pCi/L for the on-site resident and the resident at the background
- location, respectively. The corresponding concentrations for an infiltration rate of 13 em/yr .
- . (5in./yr) are 2,200 and 240 pCi/L. These estimates were calculated by applying Equation E.3
to determine the equilibrium radon concentration in the pore space at the soil-water interface
and then dividing by the dilution factor used in Equation E.1 to obtain the radon concentration
in groundwater. A resident could be exposed to radon-222 in groundwater directly by ingestion
- of drinking water and indirectly by inhalation of indoor air to which radon has volatilized, e.g.,
from well water used for cooking, laundering, and showering. At an assumed soil infiltration -
rate of 5 cm/yr (2 in./yr), the risk for the on-site resident from inhalation is estimated to be
2 x 10%; the risk associated with an infiltration rate of 13 cm/yr (5 in./yr) would be 4 x 10,
These risks are largely due to inhalation; the radiological risk from ingestion of radon in drinking
water is estimated to be about 20% of that from inhalation (Mills 1990). For comparison, the risk
estimated for an off-site background resident would be 2 x 10> for an infiltration rate of 5.cm/yr
(2 in./yr), which is about 1% of the risk estimated for the resident from mdoor radon-222
emanating directly from soil. '

This initial analysis of drinking water ingestion is considered very preliminary because
location-specific chemical and. hydrogeological data are not available for the entire site. The
assessment will be refined in forthcoming documentahon for the groundwater operable unit after .
- additional data become available.
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Results of the locatxon-speaﬂc analysns for the soil redistribution scenario are similar.

to or less than those for surface soil because the radloactwe contamination is largely surficial.
Therefore, mixing subsurface soil having little or no contamination with surficially contaminated

soil and redistributing this mixture on the surface would result in a lower concentration of

radionuclides in the new surface soil to which the resident could be exposed. In addition, the
‘risk assocxabed with indoor radon — which is a major component of the radiological risk at most
~locations — would be the same as that estimated for existing conditions because the emanation
" of radon from radium at depth was incorporated in the calculations. Although the concen-
“trations of certain radionuclides are higher in subsurface soil than surface soil at a number of
¥ locahons, the concentration averaged over 3 m (10 ft) is less than or comparable to the surficial
“ concentrations at all but 11 locations. ‘Three are in the immediate vicinity of the raffinate pits,
* three are in the Ash Pond/South Dump Area, four are in the general vicinity of former process
buildings, and one is at the southern end of the site. The radiological risk to the resident at
these locations would be about 2 or 3 times higher than estimates for the basic scenario, but the
overall results across the site do not differ significantly. These areas of subsurface contamination
‘were considered in the development of cleanup criteria for site soil (Chapter 2). At these

locahons, the relatively high concentration of uranium to depths of up to. 3 m (10 ft) is the

pnmary contributor to the lugher risks.

N

E.4.2.2 Chemical Healthw iiffects

The chemical carcinogenic risks and hazard indexes from incidental ingestion of site soil - °

and ‘inhalation of -airborne contaminants generated from soil are shown in.Table E.13. The
pathway-specific risks and hazard quotients for the mdxvxdual contaminants are mdmated in
'I'ables E. 14 and E.15, respechvely : :

~ The total combined risks from mudental mgesnon and inhalation are 2 x 106 for the
recreational visitor, 2 x 10° for the ranger, and 5 x 10~ for the farmer.. In contrast to the

radiological results, the inhalation risk is less than 4% of the total risk for all receptors, so the -

' combined risk is essentially represented by that from soil ingestion. For the resident, the
combined risk ranges from 3 x 106 to 6 x 10, with a median of 3 x 10 The risk ranges from

1x105t01 x 10 at most locations, and the incremental (and total) risk exceeds 1 x 10 atless -

»than 5% of the soil areas (15 locations, Figure E.4). In general, arsenic is the primary contributor
+ to these estimates, although polychlorinated biphenyls (PCBs) contribute significantly at the few
« locations where they occur. The maximum risk is associated with the single location where
carcinogenic polycyclic aromatic hydrocarbons (PAHs) were detected; these compounds account
. for about 95% of that nsk. ' :

The hazard index from incidental ingestion and mhalahon combined is 0.02 for the

récreaho,nal visitor; for the ranger, it varies from 0.3 to 0.5, with a median of 0.4. Therefore, no

" noncarcinogenic effects are indicated for these two receptors. The combined hazard index for
‘the farmer is 2, and that for the resident ranges from 0.09 to 9, with a median of 0.6; this index
exceeds 1 for the resident at 26 lbcations For all receptors, both pathways contribute to the total
hazard index, although soil ingestion is generally more significant. On the basis of the soil

- ingestion pathway alone, the hazard index for the resident exceeds 1 at 18 locations. In general,
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the primary eontributors are uranium, arsenic, and thallium. The inhalation hazard index for
_the resident exceeds 1 at two locations, and chromium is a key contnbutor at both locations.

For those locations where the combined hazard index from mc1dental ingestion and
inhalation exceeds 1, the contaminants contributing to this estimate were identified to determine
their major health end points (e.g., target organs) in order to segregate the hazard index. (The
segregation of hazard index is discussed in Section-5.1.2.2 of the BA.) For 9 of the 26 locations
where the resident’s combined hazard index exceeds 1, uranium alone accounts for an ingestion
hazard index greater than 1. The segregated hazard index exceeds 1 at three other locations
because uranium and arsenic are present together at elevated concentrations and both
compounds can affect the kidney. At one location, the combined presence of arsenic and
thallium results in a segregated hazard index exceeding 1 as a result of potential effects on the
skin and hair. Inhalation of chromium accounts for a hazard index greater than 1 at one
additional location. The segregated hazard indexes are less than 1 for the remaining 12 locations.
Those locations at which the segregated hazard indexes exceed 1 for the resident are shown in
Figure E.5. The segregated hazard index for the farmer at the Ash Pond area is less than 1.

. For lead, an oral reference dose (RfD) is not available from which to estimate potential .-
noncarcinogenic effects, so exposures were evaluated with a separate approach. The EPA has
developed an uptake/biokinetic model to address residential exposures for the most sensitive
subpopulation, children aged 0 through 6. The model estimates blood lead levels in children
from exposures to lead in soil, air, drinking water, diet, and paint. A blood lead level of less
than 10 pg/dL from the various exposures is not considered to be indicative of lead poisoning;
levels ranging from 10 to 14 pg/dL are considered to be in the border zone for potential health
" effects; levels from 15 to 19 pg/dL are considered indicative of risk for decreased IQ (up to
several points) and other subtle effects; and the potential for serious health effects increases as
levels increase above 20 pg/dL (Centers for Disease Control 1991).

The Missouri Department of Health (1992) considers a lead concentration of 240 mg/kg
in soil safe for any use, including for residential settings. This level is exceeded at four surface
locations on-site, and high concentrations in subsurface soil at two additional locations result in

a 3-m (10-ft) weighted average above this level. (The weighted average targets subsurface
contamination and addresses the potential future scenario under which soil is excavated to
construct a basement and is then redistributed on the surface as .a yard.) These six locations
were evaluated with EPA’s model. The state level was also separately assessed, with an air
concentration derived from the listed soil value and a representative groundwater concentration
estimated from all wells' in which lead was detected by averaging the measurements over the
4-year sampling period (see Appendix B of the BA). :

The following site-specific information was incorporated into the model calculations.
Individual borehole measurements for surface soil were used unless lead was only elevated in

- subsurface soil, in which case the 3-m (10-ft) weighted average was used. The concentration in
air was estimated from the soil concentration on a location-specific basis, as described in
Section 3.3.4 of the BA. For the drinking water component, groundwater measurements are not
available for each soil sampling location. Therefore, concentration contours for lead in
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‘groundwater beneath the site were generated from the limited data available for momtonng"‘ _

wells in the Burlington-Keokuk Limestone aquifer. The lead concentrations in groundwater

;estimated by this contouring method were then lmked ‘with the appropriate soil borehole

locations for this preliminary analysxs

The exposure assumptxons were the model default values, except as follows. The

".“, concentration of lead in indoor. dust was conservatively assumed to be the same as that for

.outdoor soil, and the concentration of lead in indoor air was assumed to be 80% of the
. concentration in outdoor air. The child was assumed to spend 1 hour per day outdoors,

; averaged over the year. No contribution was assumed for paint because lead-based paint is no -

= longer used in homes and the hypothetical residence being evaluated would be constructed at
some time in the future. The exposure point concentrations and the results of the model
calculations are shown in Table E.16. Presented 'in the table are the geometric mean
~ concentrations of lead in blood for a child aged 0-to 72 months and the percentage of children

expected to have blood levels exceeding 10 ng/dL. The EPA has indicated that acceptable lead.
levels in soil correspond to ‘those for which less than 5% of the population would be expected .

to exceed blood lead levels of 10 ug/ dL.

" The results of the model calculations indicate that the blood lead level of 10 pg/dL
. would be exceeded by greater than 5% of the exposed population at five locations. These

“locations are in the northern portion of the site, in the general vicinity of Ash Pond. The blood
- lead level associated with the state soil guideline of 240 mg/kg is 4.3 pg/dL (geometric mean),
and less than 0.7% of the population would be expected to have a blood level above 10 ng/dL.

: In addition to the exposures:to soil and .air common to all receptors, ingestion of
_- chemical contaminants in homegrown food (garden produce and beef and dairy products) was
.. evaluated for the farmer, as described for radionuclides. - Contaminant-specific chemical risks
and hazard indexes estimated for this exposure are given in Tables E.17 and E.18, respectively.

" The total risk to the farmer from ingesting homegrown food is 2 x 10*, and the combined
hazard index is 9. The modeled concentration of arsenic in garden produce accounts for
essentially all of the ingestion risk, and arsenic and uranium each account for a hazard index
‘greater than 1. For comparison, the risk and hazard index estimated for the farmer at the off-site
_ background location under the same exposure assumptions are generally comparable, ie.,
_1x10%and3. (Although not obvious from these values because of rounding to one significant
. figure, the risk estimated for ingestion of garden produce off-site is 70% of that estimated for
. ingestion on-site, and arsenic is again the dominant contributor.) Thus, model predictions of.
potential on-site health effects are within a factor of 2 to 3 of those for off-site background. This
small difference is well within the range of uncertainty associated with the methodology
available for estimating these values The mcremental risk from ingesting homegrown food is
- less than 1 x 10,

As prevmusly indicated for radmnuchdes, con51derable uncertamty is assocxated with -

. the model predictions for food ingestion (Section E. 4.2.1). Therefore, results have been presented

- separately for this pathway and compared with background estimates to indicate relative

impacts. To also provide an estimate of reasonable maximum exposures for the farmer, results
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" for the ingestion of homegrown food are summed with the results for inhalation and incidental
ingestion of soil in the summary presentation (Section E.6.2). Ingestion of fish and game could
also be included for each receptor, and those results are given in Sections 2.4.5.2, 5.2.4.2, and
5.3.2.2 of the BA.

Exposure to chemicals in groundwater via drinking water ingestion was estimated in
the same manner as described for radionuclides (Section E.4.2.1). -Potential risks and hazard-
quotients were estimated for the resident under current and predicted future conditions to
indicate possible heaith effects for this additional pathway. The results are shown in Table E.19
(risks) and Table E.20 (hazard quotients). Nitroaromatic compounds and arsenic are the primary
contributors to the risk estimated for current contaminant conditions, and nitrate is the primary
contributor to the hazard index. :

The contaminant-specific results for exposures to future groundwater concentrations
predicted from sitewide leaching cannot be directly summed to estimate a total risk or hazard -
" index, because a time factor was not incorporated in these calculations and the contaminants
would be expected to reach the shallow aquifer at different times. However, results for the
sitewide calculations indicate that the risk and hazard index would be comparable to
background levels, i.e., the incremental risk would be within or below the target range. Results
of - the preliminary leaching calculations for soil at specific locations with subsurface .
contamnination (e.g., nitroaromatic compounds) indicate that future groundwater concentrations
could be associated with mcremental health effects if a well were constructed at those locations.

“The preliminary nature of this assessment cannot be overemphasized. Conservatxve
assumptions were used to estimate groundwater concentrations from current data and
considerable uncertainty is inherent in any leaching calculations for field conditions. Additional
data will be collected to further define site-specific factors such as K, values for use in refining
these estimates to support future groundwater decisions. Incorporating a time factor in the
leaching calculations indicates that fairly immobile contaminants, such as the heavy metals with
K,4 values greater than 100 (see Table E.1 of the BA), would not be expected to reach the
unconfined groundwater aquifer for about 10,000 years as a result of nonpreferential leaching
through the unconsolidated overburden material. For those instances in which a preferential
pathway might be established, this transport time would be shorter. Mobile contaminants, such
as those with a K, value of 1 or less (e.g., nitrate), could appear in the water table in about
23 years, and contaminants of intermediate mobility (e.g., Ky value of 5) could leach from the
soil to groundwater in about 500 years (Figure E.3). As for the radiological assessment of
groundwater, the chemical assessment will be refined in documentation to be prepared for the
groundwater operable unit after additional data become available.

Results of the location-specific analysis for the soil redistribution scenario indicate that
risks and hazard indexes are generally similar to or less than those for surface soil. At a few
locations, pockets of relatively high subsurface concentrations of nitroaromatic compounds,
arsenic, and uranium are the major sources of elevated risks and hazard indexes. This
information was used to support the development of cleanup criteria for site soil (Chapter 2).
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E 4.3 Mnlhple Exposure Pathways

- The same recreatlonal visitor could be exposed to contammated media both on-sxte and
off-site if it were hypothetically assumed that institutional controls disappeared at some point
-in the future. The radiological risks from exposures to sitewide soil and air are relatively low
“when directly compared with those for the Southeast Drainage, assuming that all of the time
spent in off-site areas cver the 30 years is spent at those specific locations in the drainage with
“elevated radioactivity. Thus, the total radiological risk for a future recreational visitor to the area
“would range from the estimate of 6 x 10" S for the site to the preliminary estimate of 2 x 10 for
Fthe drainage. (For comparison, the risk estimated for a recreational visitor from the same
“exposures at a background location is 2 x 10° S)

The total chemical risk from sitewide exposures is 2 x 10%; this is the same as that

. estimated for the Southeast Drainage, assuming all exposures occur at that location. Under the
same assumption, chemical risks for Burgermeister Spring and Lakes 34, 35, and 36 are 9 x 107
and 4 x 10°%, respectively. -Each of these risks is within or below EPA’s target levels. Results

for the noncarcinogenic health effects indicate that the hazard index from sitewide exposure to -

«-soil and air is much less than 1, as is the index from exposures at each of the off-site areas.

= Likely estimates of future risks and hazard indexes would be bounded by these projections, as .
‘appropriate to the speaﬁc activities of the mdxvxdual and the relative time spent at any one -

locahon

The recreational visitor, ranger, resxdent or farmer might also ﬁsh at the off-51te lakes

or hunt on-site. Potential health effects were estimated for fish taken from Lakes 34, 35, and 36
(Section 53.2 of the BA) and game taken from the site (Section 5.2.4 of the BA). In addition to
- the estimated ingestion exposure, an individual fishing or hunting would incur exposures similar
' to those estimated for the recreational visitor at the lakes (exposure to surface water and
sedxment/ shoreline soil) and at the site (exposure to soil and air). The reasonable maximum

~ exposure for an avid sportsman was estimated for an individual who both fishes and hunts in
the area by combining results for these varied exposure pathways. The total radiological and
chemical risks estimated for this individual are 5 x- 10 and 3 x 10, and the hazard index is 0.08
(Section 5.4.2 of the BA). ' These estimates could be summed with those for the receptors

. evaluated in this long-term assessment if it were assumed that each of the pathways could -
_ reasonably be combined for a maximally exposed individual. Incremental risks associated with

* the sportsman’s exposures would be within or below EPA’s target range.
E5 UNCERTAINTY IN THE RISK ASSESSMENT PROCESS
. The evaluatior of impacts to human health in tlus rebaseline assessment was based, by
necessxty on a number of site-specific assumptions. In addition, many uncertainties are inherent
to the risk assessment process. The impacts of the various uncertainties and assumptions on the
risks and hazard indexes estimated in this rebaseline assessment for possible future exposures
_ at the site are the same as those discussed in detail in Sections 5.5.2 and 5.6 of the BA; hence,

the discussion is not repeated here. Similarly, although ingestion of garden produce, beef, and
dairy products was not specifically addressed in the BA, the uncertainties associated with these

-._.._,_.)_,._..‘.,.., e e
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pathways are-as described for plant uptake and animal biotransfer for the game ingestion
pathway in Section 5.6.2.1 of the BA. Hence, the following discussion of uncertainties focuses
on the smgle pathway that is specific to the rebaseline assessment, ingestion of groundwater.

Considerable uncertamty is associated with the health effects estunated for drinking
groundwater from the shallow (Burlington-Keokuk Limestone) aquifer in this assessment. In -
fact, the groundwater most likely to be tapped. for a drinking water source at the site would be
the deep, productive aquifer in the St. Peter Sandstone. On the basis of the very limited data
available for that aquifer, it does not appear to be contaminated. Thus, even if the well were not
screened to preclude inflow from the upper aquifer, the concentrations in drinking water that
would be ingested would probably be lower than those evaluated in this assessment because it
would mix with water drawn from the deeper aquifer.

The primary limitation in the current exposure point concentrations used for the
preliminary groundwater analysis is the unavailability of comprehensive data, as described in
Appendix B of the BA. - Monitoring wells are at scattered locations across the site because of
- access constraints imposed by man-made features such as the raffinate pits and buildings. In
addition, these wells extend to different depths so it'is difficult to construct an. integrated picture
of groundwater contamination in the shallow aquifer at this time. Furthermore, only a small
number of measurements are available for certain contaminants and/or wells, and the vanabxhty’
in contaminant measurements is high — in certain cases reflecting factors associated with the
analysis, such as sample preservation, holding times, and detection limits.

The information currently available for groundwater contamination was used .to
generate contours that were extenided beneath the entire site so location-specific exposure point
concentrations could be interpolated. (For this effort, samples reported as nondetects for metals -
and inorganic anions were replaced with half the detection limit.) Thus, risks and hazard
indexes were estimated from derived values rather than actual measured values at essenhally
all borehole locations. These factors contribute to the substantial uncertainty in the results and
limit the conclusions that can be made at this time. Removal of the constraining site features
pursuant to a decision for the current remedial action would permit the collection of more com-
prehensive data over the next several years to address existing data gaps. These data would be
used to prepare an expanded assessment of groundwater to support final decisions for the site.

Compared with the effect of data limitations on estimates for current exposure point
concentrations, a larger uncertainty is associated with the future exposure point concentrations
estimated for the groundwater analysis. Those values were determined from leaching calcula-
tions, considering the contaminant concentrations in soil. The conservative approach used to
estimate these groundwater concentrations does not account for a gradual decrease in the soil
concentration over time or for any dispersion or adsorption within the aquifer, and the path -
length to the hypothetical receptor was assumed to be zero. In addition, the initial leaching was
assumed to occur as an equilibrium process, with the rate of desorption from soil to water equal
to the rate of sorptwn, various sorption studies have indicated that this is a conservative
assumption.




E-34

A key parameter in these calculations is the contaminant-specific distribution coefficient
or Ky, which is a measure of the amount of a contaminant associated with soil compared to the
amount in solutlon This coefficient is strongly dependent on site-specific conditions, but data
from which to select appropriate K4 values for site contaminants are very limited. In the absence
of such information, data from the hterature including empirical equations, were used to derive
.preliminary estimates of these values The fraction of organic carbon in soil used for the
_equations was conservahvely taken from. the low. end of the range measured for the site.
-Conservative values were. also used for other parameters such as hydraulic conductivity, the
“hydraulic gradient, and. effective. porosity. The use of conservative assumptions for each

.parameter in the calculations results in consxderable uncertainty and a very conservative bias in -

the risk estimates.

Finally, although a time factor was incorporated in the leaching calculations for the
- groundwater analysis to consider potential adsorption by the overburden material, the
breakthrough time cannot be confidently predicted for each contaminant because of the great
-uncertainty in the K, values and the spatial variability in subsurface conditions across the site.

Therefore, it is difficult to address temporal and spatial variability to appropnately sum

:individual risks and hazard quonents and estimate ‘the total risk and hazard index for this
ipathway. In summary, the large uncertainty in the ‘preliminary groundwater assessment reflects
- the limitations in information currently available. The results will be applied to focus additional
.characterization efforts, and the new data will be used to refine these estimates in documentahon
- for the groundwater operable unit to be prepared within the next several years.

E.6 SUNMAR_Y OF THE REBASELINE HEALTH ASSESSMENT

Lo~

- E6a ‘ShortLTem Assessment of the"lnterim Site Ctmﬁguration

The short-term rebaseline assessment addresses unpacts associated w:th new site
' conditions resulting from interim actions; it evaluates exposures over the next 10 years, assuming
* that institutional controls are maintained. The exposure assessment and resulting health effects
associated with rebaseline conditions are generally similar to those presented for the short-term
assessment in the BA (DOE 1992a). 'Exposures’ estimated for an additional on-site worker
¥ conducting maintenance activities at the new facilities, as represented by the TSA (which would
_include the containerized process waste from water treatment plant operations), would be
shghtly lower than those presented in the BA for the routine maintenance worker. The risk for
" this new worker from external gamma.radiation would be about three times higher than for the
worker conducting general site maintenance activities under the baseline conditions. However,
the time required to conduct periodic maintenance activities at the new facilities would be less
. than that for routine maintenance activities. Incorporatmg the contribution from exposures to
‘sitewide soil and.air, the total radiological risk for the additional worker at the new facilities

. would be about 20% of that estimated for the baseline maintenance worker.

Potential impacts to the trespasser would decrease considerably under new site
~ conditions, to less than 2% of those estimated for baseline conditions. This estimate assumes that

[ SOV U
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exposures at the buxldmgs and raffinate pits would no longer occur. For the off-site recreational

~ visitor, the incremental impact associated with ingesting treatment plant effluent from the
Southeast Drainage would not change overall radiological risks estimated for this location under
baseline conditions. The total chemical risks could increase by a factor of 4, whereas the
estimated potential for noncarcinogenic effects would not change. Therefore, despite the
potential for a small increase in chemical risks at this location, overall chemical health effects for
the recreational visitor would remain generally the same. Furthermore, the effluent will
probably not be discharged to the drainage because under a recent change in plans, the treated

~water is to be released to the Missouri River through a buried pipeline (Section 1.5.14). In
summary, the overall short-term impacts under interim site conditions are expected to be
comparable to or somewhat less than those presented in the BA

E.62 Long-Term Assessment of the Intenm Slte Configuration

* For the Iong-term assessment of the interim site conditions, institutional controls were
assumed to be lost after the interim actions were fully implemented. For this assessment,
impacts to an on-site recreational visitor were assessed to determine what changes might result
from exposures at the newly constructed (temporary) facilities. (The recreational visitor was also
evaluated for the long-term assessment under baseline conditions [DOE 1992a)). Risks associated
with the buildings account for about 35% of the radiological risk under baseline conditions when
exposures are assumed to be equally distributed between the buildings, raffinate pits, and
sitewide soil and air. Ex‘bosures at the raffinate pits account for most of the remainder. For
these same exposures, more than 95% of the chemical risk and hazard index is associated with
the buildings. Because exposures in the buildings would no longer be relevant after
dismantlement, total radiological and chemical risks would be substantially lower under the new
site conditions. In addition, the potential for noncarcinogenic effects would no longer exist
because the hazard index from sitewide exposures is much less than 1. -

Although exposures within the buildings would no longer occur, the recreational visitor
- could be exposed to building material and other debris at or dispersed from the TSA or MSA.
However, the contribution from radon decay products, which account for about 30% of the
radiological risk estimated for exposures in the buildings, would not be relevant under these
conditions. Potential exposures to material from the quarry that would be stored at the TSA -
could result in noncarcinogenic health effects and radiological and chemical carcinogenic risks
similar to those identified in the BA for other (nonbuilding) exposures on-site. These changes
- are expected to essentially balance each other so that overall impacts to the recreational visitor
under interim site conditions would be comparable to those estimated under baseline conditions.

E.63 Long-Term Assessment of the Modified Site Configuration

The long-term assessment of the modified site configuration addresses possible
exposures in the extended future after institutional controls at the site are assumed to be lost.
For this assessment, the temporary facilities are "set aside” in order to focus on soil-related
exposures. Health impacts from exposures to soil and air were estimated for a recreational
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~ visitor, ranger, resxdent ‘and farmer. 'I'he results mchcate that radxologu:a] risks for the ranger,
_ resident, and farmer would exceed EPA’s target risk range over about 50% of the site. Similarly,
the chemical risk and hazard index would exceed the-target levels for the farmer and also for
the resident at certain locations (less than 5% of the site). Radiological risks result primarily
from inhalation of radon-222 and its short-lived decay products, whereas chemical risks and
hazard indexes result primarily from incidental mgestmn of arsenic and organic compounds
(PCBs and PAHs) in soil. The results of the long-term assessment are summarized in Table E.21.
The results for ingestion of homegrown food by the farmer are also included in this table.

The combined carcinogenic risks from exjposures to the radionuclides and chemical
carcinogens in site soil are also shown for each receptor in Table E.21. Considerable uncertainty
is associated with summing these estimates because assumptions inherent in the methods
~ available for calculating radiological and chemical nsks differ and their sum does not account
. for potential antagonistic or synergistic effects. As a lesser factor, soil was sampled at different -

locations for the radioactive and chemical contaminants, so the results determined for the ranger
and the resident at individual boreholes are not at exactly the same locations. To address this
issue, a weighted inverse-distance squared approach was used to combine the radiological and
chetmcal risk estimates (as described in Section 3.3.1.2 of the BA).

Exposures from dnnkmg water mgestxon estimated for both current and predxcted
future conditions were also evaluated in a preliminary analysis to indicate potential concerns and |
focus upcoming characterization efforts. Results of this preliminary assessment indicate that -
health effects from long-term exposures might occur at a number of locations on-site if a well
were drilled directly into the shallow.aquifer at those specific locations. The results are
considered preliminary for a number of reasons (Section E.5), and the analysis will be refined.
-within the next several years as more data become avaxlable :

Excluding the food mgestmn pathway, rad.lologlcal risks are higher than chemical risks
. for each receptor at most locations, and radon is the main contributor. Therefore, the combined
risks are essentially represented by the radiological risks. For this reason, the uncertainty
associated with summing the risk estimates for the basic exposure pathways.does not affect the
. overall result. This outcome reflects the nature of soil contamination at the site, i.e., concen-
trations of metals are generally at background levels and organic compounds are present at only
a few locations, whereas radioactive contamination is more widespread and related risks are
- naturally higher. That is, although the levels of radioactive contamination at non-source areas
~ are generally low, even background levels of these naturally occurring metals result in risks
-above the target range. Together with the results of the BA (DOE 1992a), the information
_ presented in this appendix was used to focus remaining cleanup decisions and support the -
development of cleanup criteria for site soil, which are presented in Chapter 2.

N4
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FIGURE E.3 Baﬂmated Breakthrough Times as a Function of Kd for Contamimnt
Leaching to Groundwater '
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Inhalation of radon® o A , ' | o
Indoor .- _ .- Location-specific = Location-specific = Ash Pond ULy,
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Inhalahon of partxculates . ) e ' o
Indoor - o Location-specific - Location-specific ~ Ash Pond ULy
Outdoor Sitewide Ulgs Sitewide Ulgs' Location-specific =~ Ash Pond ULy
Incidental ingestion " ‘ ‘ ' : o .
of soxl/ dust Sitewide Ulgs - Sitewide ULy Location-specific ~ Ash Pond Ulgg
: Ingesnonoffoodanddnnk N ,
Fish? Average - Average Average Average
Game* Sitewide ULy Sitewide Ulgg Sitewide Ulgs ~ Sitewide ULy
Fruits and vegetables - - - : Ash Pond ULy
Beef and daxzjroductse - | - - Ash Pond Ulgs
Drinking wa - - Location-specific =~ -5
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TABLE E.1 Basis of Exposure Poijnit _Ccimcenmtibnla for the Exposure Pathways? .

. Basis of Exposure Point Concentration

2 This table presents information discussed in Sections E.4.1.1 and E.4.1.3. Except for footnote g, a hyphen
indicates that the pathway does not apply to the scenario. Except as noted in footnotes b through f, the
following apply: Location-specific means that the assessment was performed for each sampling location on

" the basis of surficial contaminant concentrations specific to that location (see text); Sitewide ULq; means

that the 95% upper confidence limit of the arithmetic average for surface measurements across the site was

used as the exposure point concentration for each contaminant; and Ask Pond ULys means that the 95%
upper confidence limit of the arithmetic average for surface measurements within the Ash Pond area was
used as the exposure point concentration for each chemical. For radionuclides, the value was determined
by kriging and contouring the uranium data for the Ash Pond area, and incorporating results of the

radiological source term analysis; the wenghced average estimated for the surface interval was then used as

the exposure point concentration.

The surface measurements of external gamma exposure rates (used to estimate the sitewide UI.,s, location-
spedific, and Ash Pond ULy values) include contribution’s from subsurface radionuclides.

For outdoor exposures, the sitewide Ul for surficial radium-226 was used to derive the exposure point

concentration for radon-222 and its short-lived decay products. For indoor-exposures, to'address

emanation through a basement or foundation slab, both surface and subsurface (3-m [10-ft]) measurements
of radium-226 were used to derive the location-specific and Ash Pond ULy exposure point concentrations.
The average concentration determined for fish cakes and fillets from Lakes 34, 35, and 36 combined was

used as the exposure point concentration for uranium (the contaminant of concern for this pathway).

.game animals, fruits and vegetables, and beef and dairy products:

The basis shown is for the initial soil concentrations used to model the contaminant concentrations in

Available groundwater data were contoured so that current concentrations could be estimated for

groundwater beneath the boreholes addressed in the location-specific assessment of soil-related exposures.
An analysis was also performed for the future scenario, predicting groundwater concentrations by
estimating the contribution from leaching of soil contaminants on the basis of sitewide Ulgys values. .

text).

~ B The farmer was represented by the r&sndent for the prelumnary analysis of drinking water ingestion (see
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TABLE E2 F.xpoéure Scenario Assumptions and Intake Parameters®

Recreational .
Parameter - Variable Unit® Visitor Ranger Resident Farmer
Average body weight BW kg 7 7 70 (15)¢ 70
Exposure time o
Indoor . ET h/d - 4 B« 20
Outdoor = - ET h/d 4 - 4. 1 4
Exposure frequency EF d/yr 20 - 250 350 350
_ Exposure duration . ED yr 30 25 30 30
Inhalation rate . :
Indoor IR, m?/h - 1.0 08 08
Outdoor IR, m3/h 21 25 16 25
Filtration factor? FF - - 08 08 08
Soil/dust ingestion rate® IR, ‘mg/d 120, 120 10000f 180
Food ingestion rate® . ‘ o
Fruits IR g/d : - - - 2
Vegetables IR¢ g/d - - - 80
Beef IR; g/d - ' - - 75
- Dairy products IR g/d - .o - 300
Drinking water ingestion rate IR,, L/d - - - 2 -
' Shielding factor! “SF - e 07 7. . 07

This table presents information discussed in Section E.4.1.2; exoept for footnote h, a hyphen indicates that
the entry is not applicable.

"Day" (d) is replaced by “event" for the recreational visitor.

For incidental ingestion of soil and indoor dust, the average body weight is assumed to be 15 kg over a
6é-year period and 70 kg over.a 24-year period (see footnote f).

This factor accounts for the reduction in indoor concentrations of airborne dust from outdoor sbil asa
result of the filtration effect of the structure.

This rate represents the amount of contaminated soil and indoor dust assumed to be ingested per day.

This receptor is assumed to incidentally ingest 200 mg/d for 6 years (15 kg average body weight) and
100 mg/d for 24 years (70 kg average body weight).

For homegrown food; mgesuon rates assumed for fish and game are presemed in the BA (Table 3.4 and
Sections 2.4.5.2 and 3.4.2.5).

Represented by the resident for the prehmxnary analysxs of this pathway (see text).
This factor accounts for the reduction in indoor exposure to external gamma radiation compared with

outdoor exposure as a result of attenuation by the structure.
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TABLE E3 Example Presentation of Radiological Data for Carcinogenic

Effects from External Gamma Irradlahon, Inhalahon, and Im:ldental
Ingestion for the Medaan Resident® ~ -

’

.Exposuekoute/ . Exposure Poir'it Estimated Dose?

Conm_ninam” .+ Concentration® (mrem) : Risk
External gamma irradiation 12 . 2,000 Co1x108
‘Inhalation ' o

Actinium-227 S 38x10% 53 "3 x10¢
‘Lead-210 ‘ © 28x10° 0.12 T 108
Protactinium-231 75 %108 20 -1 % 1078
Radium-226 o 28 x10° 0.045 -3 x 108
Radium-228 : T 15x10% . 098 6 x 107
Radon-222 : 46 x10° 44 2x10%
Thorium-230 . 30x10° . 20 "1 x 108
Thorium-232 : 1.5% 105 5.1 3x10°%
Uranium-235 9.0 x10% 024 1x107 -
" Uranium-238 : 20 x10¢ _ 10 6% 106
Ingestion o _ : C ’
Actinium-227 ' - 0.15 - .. 23 1% 1078
Lead-210 : S 5 75 5 x 10¢
'Protactinium-231 : 030 33 T 2x10%
Radium-226 _ 11 12 7% 107
Radium-228 © . 060 ‘ 12 7 x 107
Thorium-230 12 0.65 -4 % 107
Thorium-232 ... 060 17 1x10%
Uranium-235 . 036 ' T 0092 16 %108
Uranjium-238 N 79 41 2 x 10%
Total® ' z x 103 .

% This table pments information discussed in Section E.4.1.3. The locat:on at
which the resident’s radxologmal risk is the medxan value was selected for this
presentation.

® Information for those contaminants for which no analysis was conducted was
estimated from the radxologlcal source term analysis (Table 2.3 of the BA)

¢ The unit for external gamma exposure is pR/h; the unit for inhalation exposure -
- is pCi/m? in air, except for radon-222, for which the unit is working level (WL);

and the unit for incidental ingestion exposure is pCi/g in soil. Incidental
ingestion addresses both outdoor exposure to soil and indoor exposure to dust;
the exposure point concentrations for dust were conservatively assumed to be
the same as those for outdoor soil. Except for radon, the value listed for
inhalation is for outdoor exposure; the value for indoor exposure can be

calculated by muitiplying the listed value by the filtration factor, 0.8. The value

listed for radon-222 is for indoor exposure; indoor exposure accounts for more
than 99% of the risk from radon inhalation for the resident.

The committed effective dose equxvalent was calculated from dose conversion
factors given in Table 4.1 of the BA; the. dose from radon-222 is in units of
- working-level month (W'LM) . .

The contributions from background concentrations of radon-222 and external
gamma irradiation are included in this total; with background radon and
external gamma irradiation excluded, the risk is 2 x 1 .
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TABLE E.4 Example Presentation of Chemical Data for Carcxhogem'c
Effects from Inhalation and I.ncxdental Ingestxon for the Median -
Resident*

- Exposure Route/ Exposure Point Avemge Daily Intake
Contaminan®  Concentration® (mg/kgd) Risk

Inhalation A

Metals A ) .

" Arsenic - 20x107 19 x 108 3 x 107
Beryllium 63 x 107 - 6.0 x 1010 5 x 10°
Cadmium 22 x 108 T 21 %100 1x108
Chromium VI 39 x 108 38 x10° 2x 107
Nickel =~ 2.7 x 107 26 x 10° 4108

PAHs? , - : - .

Ingestion

_ ‘Metals . o ; :
Arsenic 78 12 x 105 2x10°
Beryllium .. 025 : 39x107 - 2x10%

PAHs? - - L

PCBs S 047 73 x 107 © 6 x 10

Nitroaromatic - , : . ' B

compounds ’

Totalrisk - - ' 3% 10°

* This table presents information discussed in Section E.4.1.3. The location at
- which the resident’s chemical risk is the median value was selected for this
presentation; a hyphen indicates that the parameter was not detected in
surface soil at the median location.

® Listed are only those exposure routes and contaminants for which an EPA

. slope factor is'available. The EPA slope fachoxs used to estimate the risks are

given in Tables 4.4 and 4.5 of the BA.

The unit for incidental mgeshon exposure is mg/kg in soil; the unit for
inhalation exposure is mg/m? in air. Incidental ingestion addresses both -
outdoor exposure to soil and indoor exposure to dust; the exposure point

concentrations for dust were conservatively assumed to be the same as those
for outdoor soil. For inhalation, the value listed is for outdoor exposure; the

value for indoor exposure can be calculated by mulhplymg the listed value
by the filtration factor, 0.8.

4 The carcinogenic PAHs are benz(a)anthracene, bewo(b)ﬂuoranthme,
benzo(k)fluoranthene, benzo(a)pyrene chrysene, and indeno(1,2,3<d)pyrene.
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TABLEES Example Piesentaﬁdxi of Chenﬁca’l Data for Noncarcinogenic o ' 0
Effects from Inhalation and Incidental Ingestion for the Median Resident* '

Exposure Route/ . - Exposure Point Average.Daily Intake ~ Hazard

Contaminan® Concentration* (mg/kg-d) Quotient
Inhalation
Metals | ) : . .
Barium - : 48 x 10 © 11x10% 1 x 102
Cadmium - 63 x 107 14 x 107 7 x 10¢ :
Chromium II' - 47 %107 11 x 107 2 x 101 '
Chromium VI - - 52%10%; ©12x108 2 x 102 '
Manganese g 21 x 105 47 x 108 5 x 102
Mercury L 13 x10% 2.8 x 10710 3x10%
Nitroaromatic - _ : - - - . -
compounds -
Ingestion
Metals : : : : ‘ '
Antimony : 71 : 26 x10° 6 x 102
Arsenic . 36 ' 13'x 10°% 4x10?
Barium |, . 19 x 102 69 x 104 1x 102 ‘
Beryllium 5.1 = 10 19 x 10°® . 4x10 '
Cadmium ' - 25x101 91 x107 9 x 107 - . .
Chromium III 19 x10* 68 x10° 7x10° -
Chromium VI 21 76 %10°% 2x103
Copper 93 34 x10° © 8 x10%
Lithium ' 258 : 9.1 x 10% 5 x 10°¢
Manganese S 84x102  31x107 3x 102
Mercury - 50 x 1072 . 18x107  ex10% , »
Molybdenum = .20 _ 73 x 10 2x 103 !
Nickel ' . 30 x10 T 11 x10% 5x10° -
Selenium r 25 x 101 9.1 x 167 2x10%
Silver o 50 x107! 1.8 x 10°® 4x10% _ .
Thallium 50x100 1.8 x 10°¢ 3x102 . o . -
Uranium 77 %10 28 x10¢ . 9 x 102 SR
Vanadium : 35 x 10! 13x10% 2 x 102
" Zine - 56 %108 . . . 2.1 x10% o 1x10°
Inorganic anions o : - '
Fluoride , 17 62 x 10°¢ 1% 104
Nitrate . . 84 30 x 10°° 2x10°
~ Nitrite _ , 25 x 107! 9.1 x 107 9 x 10
PAHs L Y . : - ;
PCBs - - - !
Nitroaromatic : - o - . . §
compounds ' ' ' . -‘

- — —-——— -

Total hazard index » a ' 06 . _

See next page for footnotes o . l
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'TABLEES (Cont.)

2 This table presents information discussed in Section E.4.1.3. The location at which
the resident’s hazard index is the median value was selected for this presentation;
a hyphen indicates that the parameter was not detected in surface soil at the
median location.

b Listed are only those exposure routes and contaminants for which an EPA
reference dose i$ available. The EPA reference doses used to estimate the hazard.
quotients are given in Tables 42 and 4.3 of the BA.

¢ The unit for mcndentzl ingestion exposure is mg/kg in soil; the unit for mhalatmn
exposure is mg/ m? in air. Incidental ingestion addresses both outdoor exposure
to soil and indoor exposure to dust; the exposure point concentrations for dust
were assumed to be the same as those for outdoor soil. For inhalation, the value
listed is for outdoor exposure; the value for indoor exposure can be mlculawd by
multiplying the listed value by the filtration factor, 0.8.




TABLE E6 Esumated Exposure Point Concentrations and Doses for the Farmer from Ingesﬁon
of Homegrown Food® :

Estimated Concentration in Food . “Estimated Dose®

(pCi/g) , ' ' (mrem)
Ash Pond Soil ] T
Concentration® . Fruits and ' Dairy = Fruits and . Dairy
.Contaminant (pCi/g) Vegetables . Beef Products Vegetables . Beef’ Products

Actinium-227 _ 25 22x10%  75x10% . 37x107 42 10! 88 1.8 %107
Lead-210 18 67x102  31x10% 22x10% 58 x102 16 47
Protactinium-231 49 © 31x10% 11x10%  53x107 44 x 10! 9.1 1.8x102 -
Radium-226 8. 55%x102  15x102 . 74x10* 7.7 x 10! 13x100° 26
Radium-228 _ 99 . . 30x102 81x10%. 40x10% . 76x10' - 13x10 28.
Thorium-230. .~ -~ 20 - - 82x102 28x102 ~ 14x105 - 56x10 12x10'0 . 23x 102
Thorium-232 99 - . 42x102  14x102  71x10% . 15x 102 31x10" . 62x10?2
Uranium-235 ' 6.0 46x10%  16x103 19x10% 15 "31x107 . 15x10!

Uranium-238 : 10 - 99x102 34x107 " 40x108 . 65x10 14x10' - 65

* This table presents information diséﬁssed in Section E.4.1.3.

b The area-wenghted averages from contoured surface measurements of uranium in the Ash Pond area, combmed w:th informahon
from the tadlologlcal source term analysls were used to model the contammant concentrahons in food. ’

.‘7 The committed effective dose equlvalent was calculated from dose conversion fachom given in Table 4.1 of the BA.

83
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TABLE E7 Estimated Exposure Point Concentrations and Average Dally Intake of Chemlcals
for the Farmer from Ingestion of Homegrown Food*

. . : . Estimated Daily Intake Averaged
Estimated Concentration in Food (mg/kg) over Exposure Period (mg/kg-d)

Ash Pond Soil -
Concentration® " Fruits and Dairy Fruits and i Dairy.
Contaminant® . (mg/kg) Vegetables Beef Products Vegetables Beef Products
Metals ‘ : - ) _ . ' , :
Antimony . 89 C27x107 - 15x10% 16x10% 45%10%  15x10%  64x107
_Arsenic 19 x 10! ‘12 x 107 83x10¢ 18x10° 19x10*% 85x107 76x10%
Barium 9.6 x 102 1.4 % 10! 77%x10%  27x10? . 2.4 x 102 79%x10%  1.1x10%
Beryllium 9.0 x 10" 1.4 x 103 74x10%  65x107 23%10%  76x10°  27x10M
Cadmium 21 32 x 107 30x10% 22x10% 54x 104 31x107  91x10?
Chromium- 11t 42 x 10! 19 x 107! 20%x10° 14 x10° 32x10% 20x10%  s8x108
Chromium VI 47 T2l %107 - 22x10% 16%10% 35x%10° 23x107  64x10°
Copper : T 39x10' . 9.8 49x107 89 x10? 16x102  .50x10*% 36x10¢
Lithium 88 35 % 102 19x10° . 39x103 59x10° 20x10% 16x10°
Manganese 61x102 - - 30x10 67x102 53102 51x102 . 69x10° 22x10%
Mercury - 42x107 83x102 . 16x10% - 49x10% 14x10*  16x107  20x10®
Molybdenum 27 x 10! 16 60x102  12x102 27%x10%  61x10% 49 x10°
Nickel 59 x 10! 35 39x102 51 x104 59 x 103 40x10°  21x10% -
Selenium 1.0 x 10! 25x107 . 21x102  54x103 43 x10* 22x10°% 22x10°
Silver 28 2.8 x 10! 30x103  28x10? 46 x 104 31x10%  11x10%
Thallium 34 1.3 %103 30x10% 14x10° 22x106  30x107 56x10%
Uranjum . 39 x 102 30 82x107.. 94x10? 50 x-107 84x10% 39x10¢
Vanadium ©37x100 - 11x10? 1.5x10%  12x10° 19x10%  16x10% 49x10®
Zinc 1.8 x 102 1.6 x 107 86x101 85 2.7 x 107! 88x102 35x10?
Inorganic anions _ ' -
Fluoride 74 ' 44 x 102 37x102 . 26x10¢ - 74x10° 38x10° 11x10%
PAHs T . . ' . . - - -
PCBs 49 % 104 36x10% 55x107  1.7x107 6.0 x 107 56 x 1010 71 x 1010
Nitroaromatic Ce s - . _ - . - -

compounds

- - e - —— - - - - _——— - ———— - - " - - - - .- -
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' TABLEE7 (Cont)

' Esﬁmated Daily Intake Averéged

. Estimated Concentration in Food (mg/kg) over Lifetime (mg/kg-d)
Ash Pond Soil i . ) -
o Concentration® ° Fruitsand : Dairy Fruits and ] Dairy
Contaminant? (mg/kg) Vegetables Beef =~  Products Vegetables Beef Products
Metals : L ,
Arsenic 1.9 x 10! 12 x 107 83x10¢ 18x10° 83x10°  36x107 32x10%
Beryllium 9.0 x 107 14% 103 74x10%  65x10? 97x107  33x10°. 12x10M
. PAHs* . - ' - ' e
PCBs - 49104 36x10% 55x107 . 17x107 29%101° . 24x101 30107
' 'Nm_o;mmahc ST o T e e o T e T LT T
compounds

* This table presents information discussed in Section E4.13. A hyphen indicates that the parameter was not deteded in surface .

soll at the Ash Pond area.

except for PCBs; for PCBs, an area-weighted average was used.

indeno(1,2,3-cd)pyrene.

Listed are only those contaminants for which an EPA oral réferencé dose is airéilable

Listed are only those contaminants for whnch an EPA oral slope factor is available.

The Ulgs values for surface measurements in the Ash Pond area were used to.model the contaminant concentrations in food

The carcinogenic PAHs are benz(a)anthracene, benzo(b)fluoranthene benzo(k)ﬂuoranthene benzo(a)pyrene chrysene, and




E-51

TABLE E8 Estimated Milk Bioconcentration Factors?

Contaminanf’ Milk Biotransfer Factor® Sourced

‘Radionuclides . N ]

Actinium 25 x 10 Napier et al. (1980)

Protactinium T 25x10% » Napier et al. (1980)

Radium . 2.0 x 104 : Napier et al. (1980)

Thorium _ 25 x 10¢ " Napier et al. (1980)

Uranium 60 x 104 Napier et al. (1980)
Metals o '

. Antimony : 1.1 x 104 : Ng et al. (1979)
Arsenic 3.0 x 10° Stevens (1991)
Barium 35x10% | Ng et al. (1979)
Beryllium ’ 9.1 x 107 Ng et al. (1979)
Cadmium } : 1.3 x 10°¢ Stevens (1991)
Chromium 14 x10° Stevens (1991)
Cobalt : 18 x 1073 Ng et al. (1979)
Copper 17 x10% . Ng et al. (1979)
‘Lead 49 x 10° Stevens (1991)
Lithium - 2.0 x 102 Baes et al. (1984)

. Manganese , 33x10* . Ng et al. (1979)
Mercury - . 1.1 x10° Stevens (1991)
Molybdenum 14 x 102 Ng et al. (1979)
Nickel : 27 % 10° : Stevens (1991)
Selenium - 40 x 103 Ng et al. (1979)
Silver. 19 x 102 " Ngetal (1979) -
Thallium 19 x 103 Ng et al. (1979)
Vanadium 20 x 10° Ngetal. (1979) .
Zine 1.0 x 102 Ng et al. (1979)

Inorganic anions ' - :
Fluoride : 1.1 x 103 Ng et al. (1979)
_ PCBs® - 8.7 x 103 Mabey et al. (1982)
* This table presents information discussed in Section E.4.1.3.
b Listed are only those contaminants detected in surface soil at the Ash Pond
area. Of the PCBs, only Aroclor 1254 was detected at one location.
¢ The milk blotransfer factor represents the fraction of the contaminant mgesbd
daily with dietary plant tissue that is transferred to and remains in milk. The
unit is d/L, except for lithium for which the unit is d/kg; the values in d/L
can be converted to d/kg by dividing by 1.035 kg/L, which is the upper end of
the range identified in Baes et al. (1984) for the density of milk.
d

Values from Baes et al. (1984), Ng et al. (1979), and Stevens (1991) assume dry
weight for plant tissue; values from Napier et al. (1980) assume wet weight for
plant tissue. The value for PCBs was calculated from the octanol-water
partition coefficient (Kone) given in Mabey et al. (1982) with the following
empirical relationship from Travis and Arms (1988) for estimating the
bioconcentration factor (BCF) in milk, assuming dry weight for plant tissue:

log BCF = -8.056 + 0922 log K,,,,




TABLE E.9 Estimated Pathﬁa’y-‘Spe‘ciﬂc’ Radiological Risks?

.Radiological Risk

Resident

Ranger

o Recreational y : ‘ o
Exposure Pathway : Visitor® Range Median Range Median Farmer®
External gamma irradiation 4x10% 4x10%-6x104 5x10% 0-6x10% 2x10* Ix10°
 Inhalationd _ Sx10°5 S5x10%-1x10? 5x10% 6x107-8x 102 2x10% 1x 102
Incidental ingestion of - 8x10% NA® 9 x 10 5x107-3x10%  1x10% 4x10%

- soil/dust ) : : : .
Toal - o 6x10% :6{( 104-1x102 7x10% 1x10%-9x102  2x10% 1x102

* This table presents information discussed in Sectxon E42.1. The estimated risks from extemal gamma irradiation and inhalation of '
radon decay products are the incremental risks above background; total risk (including background) is given for all other pathways

short-lived decay products.

is represented by a single value (listed as median).

A range is not apphcable for the recreational visitor because the risks for each pathway were estimated from sitewide exposures. - 0 g

A range is not applicable for the farmer because the risk for each pathway was estimated from exb'oéures at a'single area. - ' P S

The estimated risks include the contribution from contaminated airbome dust and the incremental contnbuhon from radon-222 and its

NA ‘indicates that a range is not applicable for lhls receptor and pathway because the risk was evaluated fmm sitewide exposures S0 it




TABLE E.10 Estimated Contaminant-Specific Radiologlcal Risks from External Gamma Irradiation, Inhalation,
and Incidental Ingesﬁon .

Radiological Risk®

Ranger . Resident
Exposure Route/ " Recreational -
Contaminant  Visitor . Range Median ~ Range Median  Farmer
- Extemnal gamma irradiation 4x10% 4x105-6x10% 5x10° 0-6x10% 2x10¢ 3x10%
Inhalation ' o : - .
Actinium-227 - 6 x 107 7x10%-1%x10%  8x10% 1x107-9x10% 3x10% 6x105.
Lead-210 . 2x10% . 2x107-3x10% 2x107 3x10%-2x10% 7x10% 1x10%
Protactinium-231 2 x 107 3x10%.5%10% 3x10 5x108-4x10% 1x10% 2x10°
Radium-226 - 7 x 10° 8x108-1x10% 8x10% . 1x10%-1x10°% - 3x10% 5x107
Radium-228 1x107 2x106-2x10° 2x10° 2x108.2x10% 8x107 1x10%
Radon-222 4x10% 5x10%-1x102  5x10* - 0-8x102 1x105 1x102
Thorium-230 1x 107 2x106-4%x10° 2x10® °  5x10%-3x10% 1x10® 2x10°
Thorium-232 7 x 107 9x106-1x10* 9x10° 1x107-9x10¢ 3x10% 6x10°
- Uranium-235 3x 108 3x107-8x10% 4x107 C5x107.4x10%  1x10® 3x10¢
Uranium-238 1x10% 1x10%-2x10¢  2x10° 2x107-2x10% 5x10% 1x10¢
Ingestion : . : : . .
Actinium-227 - 8gx107 "NA - 7x10% Sx108-4x10% 1x10% 4x10°
Lead-210 : 3x10% NA 3x10° - 2%x107-1x10% 4x10% 1x10¢
Protactinium-231 1x10% NA 1x10° Bx10%.6x10% 2x10% 6x10°
Radium-226 5x 107 NA 5x 10% 3x10%-3x10% - 8x107 2x10°
Radium-228 5x 107 NA 5x 10 0 3x10%.2x10%  1x10% 2x10°
Thorium-230 : 1x107 : NA 1x108 1x10%-1x104 4x107 1x10%
Thorium-232 7 x 107 NA 7x 108 4x10%.3x10¢ 9x107 3x10°
Uranium-235 3x108 NA - 3x107 2%x10%-2x10° - 5x10% 2x10%

Uranium-238 1x10% NA 1x10% 9%x108.7x100 2x10% 8x10°

This table presents information discussed in Section E.4.2.1. The estimated risks from external gamma irradiation and .
inhalation of radon-222 decay products are the incremental risks above background; all other results include the contribution
from background.

A range is not applicable for the recreational visitor or the farmer because the risks for each pathway were estimated from
sitewide exposures and single-area exposures, respectively. NA indicates that a range is not applicable because the ingestion’
risk was estimated from sitewide exposures for the ranger, so it is represented by a single value (listed as median).

£5-3
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TABLE E11 Estimated Radiological Risks for the
Farmer from Ingestion of Homegrown Food?

]
I

ol Radiological Risk

-+ Fruits and ' Dairy -

Contaminant . |  Vegetables Beef ‘Products

Actnium227 | ;  3x10° 5x10%  1x10%

Lead-210 i 3x10t o 1x10% 3x10°

Protactinium-231 . 3x10° 5x10%  1x10%8

Radium-226 Sy 8x10° 8x10% 2x10°

Radium-228 .. 5x10% 8x10%  2x10%
Thorium-230 0 3x10° . 7x10% 1x10% -

Thorium-232 S 9% 107 2x10°  4x10%

Uranium-235 Coo9x107 0 2x107 9 x 108

- Uranium-238 P 4x10° 8 x 10°¢ 4 x 107

Towl® . P 7x10% 6x10°  1x10°

* This .tablevpma”\ts.:informaﬁon dxscussed in Section E.4.2.1.

b For comparison, the risks estimated for ingestion of fruits and
vegetables, beef, and dairy products at the off-site
background location are 5 x 105, 4'%.10%, and 5 x 107,
respectively. . | . : ,

: o
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"TABLE E.12 Prelmumry Estimates of Radxological Rxsks for the Resndent
from Ingestion of Dnnkmg Water” :

On-Site Resident’
Current » Background
i ) Resident
" Contaminant - Range Median Predicted Predicted®
Actinium-227 - 1% 10° 7 x 107
Lead-210 , - - 3% 10% 4x10°
Protactinium-231 - = 5 x 10°% 1x10¢
Radium-226 ' - T . 5 x 107 5 x 107
Radium-228 - - 5 x 10°S 9 x 10
Radon-222¢ _ .- - 4x10° 4 x 10
Thorium-230 - : - 1x10% - 3x107
Thorium-232 - - © 7x10% 1x 10
Uranium-235 4x10%-2x10¢ 1x107 1x10% = 3x10%
Uranium-238 2x10%-1%10% 5x10% . 7x10° 1x10%.

* This table presents information dxscussed in Sechon E.4.2.1. Predicted risks were
" calculated for an infiltration rate of 5 cm/yr (2 in./yr). Reductions in
contaminant concentrations during transit to the aquifer, e.g., from radioactive
decay, were not considered. The total risk for current conditions is represented
by the estimates for uranium-238. No totals are presented for the predicted
(future) conditions because breakthrough times would differ so the estimates in
this table cannot be summed directly. This preliminary analysis will be expanded -
in documentation to be prepared for the groundwater operable unit after
additional geological and hydrological data become available to better define
potential nugrauon

For current conditions, estimated for each location from contours of data available
for groundwater beneath the site. Listed are the ranges and medians of the
contaminant-specific values associated with borehole locations across the site; a
hyphen indicates that the parameter has not been detected in site groundwater.
For future conditions, potential risks were estimated from leaching calculations
that used the sitewide ULy values for soil.

¢ Estimated from leaching calculations that used the average radionuclide
concentrations in local background soil.

4 The estimated radlologmal risk associated with radon-222 in drinking water is
~ largely due to inhalation of indoor air to which radon has volatilized. The
radiological risk to the on-site resident under prechcted future conditions from
inhalation of radon volatilized' from groundwatar is 2 x 107%; the corresponding
risk at the off-site background location is 2 x 10°%. The risk from ingestion of
radon-222 in drinking water was assumed to be 20% of that from inhalation
(Mills 1990).




TABLE E:13 Estimated i’aih:vay-Speciﬁc Chemical Carcln’ogé_nlc Risks and Hazard Indexes*

Inhalation " Incidental Ingestion _ Total
o , Hazard ' Hazard _ ' Hazard
Receptor  Risk . Index® _ Risk*  Index® - Risk  Index®.
Recreational visitor® 2 x 108 0.008 Co2x10% . 002 2 x 106 T 002
" Ranger ) _ ' ‘ _ 4 v : :
Range © 3x107-7x107 01-03 Nad - NA ©2x10% 0 03-05
Median 4x207 0.2 T 2x20% . 02 2x 10 - 04
Resident . . . I
: Range 4x10%-3x10% . 0005-1 . 3x10%-6x104  008-9 .3x10“-6x10" 009 - 9. -
s Median L 6x107 02 . 3x10%_ . 03_ _ _ 3x10% - 06 -
Farmer® 2% 10" 09 ‘ 5x105 08 o suo-s 2

* This table presents infonnahon discussed in Section E 422.

b The listed hazard indexes represent the totals for all crmcal effects, i.e., they have not been segregated accordmg to the iarget organ
and mechanism of action; for the farmer, the segregated hazard index is less than 1. .

¢ A range is not applicable for the recreational visitor because the risks and hazard indexes for each pathway were eshmated from
sitewide exposures.

d NA indicates that a range is not applicable because incidental mgeshon was evaluahed from sitewide exposures for this reoeptor,
" the nsk and hazard index are represented by single values (listed as medians).

¢ A range is not applicable for.the farmer because the risks and hazard indexes for each pathway were estlmated from exposures at.a"
single area.

95-3
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TABLE E.14 Estimated Contaminant-Specific Chenucal Carcmogemc Risks from Inhalation

and Incidental Ingestion®

Chemical Carcinogenic Risk?

Resident -
Exposure Route/ Recreational - -
Contaminant® Visitor Ranger Range Median  Farmer
Inhalnh'ml
Merals - ) : .
Arsenic | 1x10°% 5 x 107 2%x10%-3x10% 2x107 1x10%
Beryllium 5x 1010 2x 108 5x107-1x107  2x10% 3x10°
Cadmium 4 %1070 2 x 108 4x10%-1x107 4x10° 5x108 .
Chromium VI° 7 x 10°? 2 x 107 5x109-1%x10% 2x107 7x107
Nickel 3 x 107 4 x 107 8x10%-7x107 7x10° 4x107
PAHs¢ 3 %1071 6 x 10 1x108-5%x107  5x107 -
Ingestion
Metals ' . L
Arsenic 8x107. 9 x 107 1x10%-2x10%  2x105 4x10°
Beryllium 1x 107 1x10% 2x10%-4x10°  5x10° . 4x10%
PAHsd 3% 107 4x10% 1x10%-6x104  6x10% .
PCBs* . 6x107 6x10° 3x10%-2x10%  1x10°  7x10¢
Nitroaromatic . ‘
compounds : . ' e
2,4-DNT 3 %1070 3 x 107? NA 9 x 107 -
26-DNT - 6 x 10710 6 x 10°? NA. 2 x 10°¢ -
“TNT o 2x10™ 2 x 1010 NA 6x10°% -

* This table presents information discussed in Section E4.2.2.

A range is not applicable for the recreational visitor or the farmer because risks were estimated for each

pathway from sitewide and single-area exposures, respectively. For the ranger, incidental ingestion was

evaluated from sitewide exposures so risks are represented by a single value. For inhalation, the

maximum value of the range is given because the values are low and the range is generally small. NA
indicates that the range is'not applicable because the parameter was found in surface soil at only one

location, so the risk is represented by a single value (listed as the median); a hyphen indicates that the
parameter has not been detected in surface soil at the Ash Pond area. '

4 The carcinogenic PAHs are benz(a)anthracene, benzo(b)floranthene, benzo(k)fluoranthene,

benzo(a)pyrene, chrysene, and indeno(1,23-cd)pyrene. For the resident, the range and median of
detected values are listed because these compounds were detected at only two locations (thus, the

Listed are only those exposure routes and contaminants for which an EPA slope factor is available.

median and upper end of the range are the same), so the median and the lower end of the range would
both be zero if all measurements were considered. :

¢ For the resident, the range and median of detected values are listed because PCBs were detected at only a
few locations; so the median and the lower end of the range would both be zero if all measurements

were considered.
) 7
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TABLE E.15 Estimated Contaminant-Specific Hazard Quotients from Inhalation and Incidental
Ingestion®* . o . I g _

i Hazard Quotient®
1 . i o : Resident?
Exposure Route/ Recreational ‘
Contaminant® - Visitor ‘| ° Ranger Range Median Farmer
Inhalation :
- 1
" Metals T : o
Barium 4x10% | 4x10?. 6x10%-2x100  9x10% - 9x102
Cadmium . 8x107 4x10° 7x10%-2x10%  7x10% .1x10%
Chromium I o 6x10% , 2x10t. 4x103.1 2x 107 6 x 10}
Chromium VI 7x10% | 3x102 = 5x10%-1x10' 2x101  7.x102
Manganese 1x10% = 4x10?% 4x10%-2x10"  3x102 6 x 102
Mercury : 2x107. . 1x10° T 3x108-6%x10°  3x10® 4x10°5 -

Nitroaromatic L R

compounds ‘ o ' '

NB - 6x10° | 2x10%¢ .~ 'NA 1x10% -

Ingestion ' oy

Metals L ' ' _

. Antimony - 1x103 ¢+ 1x102 " 3x102-4x102 3x102 - 6x102
Arsenic 4%x10% 5x10?%- 6x103%-1 8x 102 2 x 10!

 Barium Co3x10* T 4x10? 5x104-2x10' 9x10? 3x 102
Beryllium 1x10° . 2x10* Co2x10%-4x10%  5x104 4 x 10%
Cadmium 9x10° | . 1x10° 9x10%-2x102 9x10* 5x103
Chromium I S 2x10% ¢ 3x10% 2x10%-4x10¢  7x10°  1x10%
Chromjum VI 5x10° [ 6 x 10 C 4x10°-9x10%  2x10° 2x 102
Copper C 4x10° ! 5x10t 1%x104-9x10%  1x10® 2x10?
Lithium 4x10° = 5x10¢ 5x10%-1x102  1x10° 1x 103

‘Manganese o o6x10* L 8x10® 3x10°-1x107 2x102  2x10?

" Mercury ' 3x10°  4x10% - 6x10%-1x102  6x10%* 3x10°
Molybdenum 4x10% | 6x103 2x10%-3x102  2x102  2x10?
Nickel ' o 1x10% - 1x10° 4x104-3%102 3x10° 7 x 103
Selenium 5x10° | 7x10% - .2x10%-2x102 2x10%  5x10°
Siver ©o2x10% 0 3x10¢ 4x10%-1x102  4x10¢* 1x107
Thallium = . 1x10% ¢ 2x10?7 - 3x102-6x100  3x10? 1x 107
Uranium » 6x10° | 8x102 1x103-8 2%102 - 3x 101
Vanadium . 5x10¢% | 6x107 1x10%-.4x102 2x102 1x102 .
Zine : 3x10° | 4x10% 2x10°-9x102 7x10%  2x10°

Inorganic anions P '
oglguoride ‘ 9x10% - 1x10 4x10%-1x10%  3x10¢  3x10¢
Nitrate ' 4x107 1 3x10% . 6x107-7x10%  4x10%° 9x10%
Nitrite 4x107 | 4x20% 9x10%-2x10% 9x10° 6x10°

PAHs ' . S

- Acenaphthene ' 7x10%  8x107 NA 110 -
Anthracene ©o2x10% 1 3x107 - ~ NA 4x10%. -
Benz(a)anthracene 6x107  7x10% 5x10%-1x103  1x103 -
Benzo(b)fluoranthene 3x107 1 4x10%. NA 6 x 10 -

Benzo(k)fluoranthene I x 107 ° 3x10% NA 5 x 10 -

Ere————t S
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. , TABLE E.15 (Cont)

Hazard Quotientb

" Residentd
Exposure Route/ Recreational '
Contaminant’ Visitor Ranger Range Median Farmer
Ingestion (cont.)
PAHS (cont.) ' . i
Benzo(g h,i)perylene " 1x107 2 x10¢ - NA 3 x 104 -
Benzo(a)pyrene 4x107  4x10° NA- 6 x 10 -
Chrysene . 6 x 107 7 x 108 5x10°-1x10% 1x103 -
Fluoranthene 6x107  7x10% 5%x10%-1x10% 1x103 -
Fluorene - -8 x 108 1x10% NA 1xioct . -
Indeno(1,2,3-cd)pyrene 2%107 3 % 10°¢ NA. . 4x10% -
2-Methylnaphthalene 3x10% 3Ix10° 5x10%-4x10%  8x10% -
Naphthalene S 9x107 1x10° NA 2x 102 .
Phenanthrene 9 x 107 1x10% 5x10°-1x102  4x10* -
Pyrene ~ = 1%10% 2x10° - 4x10%-2x100 8x10° .
PCBs 2x 103 2x102 1x103-4x107  3x102 2 x 102
Nitroaromatic
compounds .
. DNB 5x 10 7x104 4x102-1x100  1x10% .
- 2,4-DNT 5 x 10% 7 x 10°° NA. = 2x102 -
2,6-DNT 5x107 @ 6x10° NA 1x103 - -
NB T 4%10° 5 x 10°% " NA 1 x 102 -
INB . : 7x10°  8x10%* 5x102-2x100 2x100 @ .
TNT : 4x10% ° 4x10° NA 1x102 -

* This table presents information discussed in Section E42. 2

A range is not applicable for the recreational visitor or the farmer because hazard quotients were .
estimated from sitewide and single-area exposures, respectively. For the ranger, incidental ingestion was
evaluated from sitewide exposures, so risks are represented by a single value. For inhalation, the
maximum value of the range is given because the values are low and the range is generally small. NA'
indicates that the range is not applicable because the parameter was found in surface soil at only one
location, so the hazard quotient is represented by a single value (listed as the median); a hyphen indicates
that the parameter was not detected in surface soil at the Ash Pond area. :

¢ Listed are only those exposure roates and contaminants for which an EPA reference dose is available.

d For the organic con'atmnams (PAHs, PCBs, and nitroaromatic oompounds) the range and median of
detected values are listed because these compounds were detected at only a few locations, so the lower
end of the range and the; median would both be zero if all measurements were considered. (For those
compounds detected at only two locations, the median and the upper end of the range are the same.)
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TABLE E.16 Estimated Blood Lead Lei\re!g in Children®

Léad;Concenu’ation in
Environmental Medium®

Population %

‘ . Ground- Estimated Lead . with Blood
o  Seil  Air water Level in Blood* Lead Level
Site Area - (mg/kg) ' (ng/m?): (ug/L) (ug/dL) >10pg/dL
Eastof AshPond - - 140004 | 036 29 130 100
East of Ash Pond - 1900 . 0,048 35 18 93
Ash Pond drainage © 1,100 | 0028+ 12 1 63
North of Ash Pand - 750 : 0019 35 78 23
Southeast of North Dump s P o011 1 58 55"
Between raffinate pits . 260 00064 38 37 022
Unspecified® . 2400 1 0.0060 15 43 0.68

b

This table presents information for the LeadS model analysis d:scussed in Secuon E422.

The value for air was derived from the soxl measurement, and the value for gmundwater was estimated

from contours of available data, except as noted (see’ ﬁext)

. Listed is the geometnc mean for children I0-72 months.

Represents the 3-m (10-ft) average at this locahon because lead was elevawd in the subsurface rather than

the surface.

Unspeuﬁed lndxcates ‘that the listed value' was not measured at ahy specific location; it represents the lead
concentration recently proposed by the Missouri Department of Health (1992) for soil in residential settmgs
This value was assessed in combination with the average concentration, of measurements fnom all

groundwater monitoring wells at the site | in which lead was detected.

'
1
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TABLE E.17 Estimated Chemical Carcinogenic Risks
for the Farmer from Ingestion of Homegrown Food*

Chemical Carcinogenic Risk
: Fruits and ’ Dairy

Contaminant” Vegetables. Beef Products
Metals

Arsenic 1x10% 7x107 - 6x108

Beryllium 1% 10°° 1x10% . 5x10M
PAHs - - T -
PCBs S 2x10% . 2x10°  6x10?
Nitroaromatic ‘- - -
compounds '

Total* - 2x 10 7x107  6x10%

* This table presents information discussed in Section E.4.2.2.
A hyphen indicates that the parameter has notbeen -
. detected in surface soil at the Ash Pond area.

b Listed are only those contammanm for which an EPA oral
slope factor is available.

¢ For comparison, ‘the risks estimated for ingestion of fruits
and vegetables, beef, and dairy roducs at the off-site
background location are 1 x 1 ,5 %107, and 4 x 10'8
respectively. ‘
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TABLE E.18 F_stunated Ha_zard Quotxents for the Fam\er

from Ingesuon of I-'ood‘
E Hazard Quotient
.\ Fruits and Dairy
Contam_inantb 1 Vegetables Beef  Products
Metals . .
Antimony 1 38x10° 16x102
Arsenic. i 64x107 28x10% 25 x10¢
Barium © 34 x10? 11x10%  16x107
* Beryllium r 45x10% ‘15%10% 54 %107
Cadmium | 54x10? 31x10%  91x10°
Chromium Il ~ i 32 x10%¢ 20x10% 58x10%
Chromium VI . 70 x 103 45x10° 13 x10°
Copper S 41x10? 12x10%  91x10°
Lithium b 29x10% 10 x10* 80 x10%
Manganese 5.1 x 1071 69 x10%. 22x103
Mercury ;- 46x107  55x10% 67x10°
. Molybdenum | 67x101 . 15x10? 12x102
- Nickel C o, 29 =107 20x10%  10x10*
Selenium - 85x102 43x10° . 45x103
Silver P 92102 62x10% 23 x102
Thallium ;. 32x107? 43x10% 80x10*
Uranium L17 28x10! 13 x10!
Vanadium ;27 x 102 23x10* 70x10°
Zinc 13 44 %101 17 x107
Inorganic anions ‘
Fluoride to12x108 63x10% 18x10°
PAHs f K X -
l : :
PCBs Po60x10% - 56x10% 71x10°
. Nitroaromatic ‘ l - - -
compounds
Hazard index* ; 8 0.8 04

o
This table presents information discussed in Section E4.2.2.
A hyphen indicates that the parameter has not been detected
in surface soil at the Ash Pond area.

Listed are only those contaminants for which an- EPA oral
reference dose is ayailable.

For companson, the hazard indexes estimated for ingesu'on of
fruits and vegetables, beef, and dairy products at the off-site
background locaticp are 3, 0.2, and 0.08, respectively.
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TABLE E.19 Prelumnary Chemical Carcmogemc Risks for the Resxdent
from Ingestion of Drinking Water

OnSite Resident®
Current Background
_ Resident
Contaminant® Range Median  Predicted  Predictedd
Metals - . / -
Arsenic <2x10%-4x10% <2x10* 1x103 1 %103
Beryllium - - 3x10% . 4x10®
PAHs - - © NP - NA
" PCBs . . NP NA
Nitroaromatic
compounds
2,4DNT <4 x106-2x10% <4x10% NP NA
2,6-DNT - <9Ix10%-1x103 <9 x10°¢ NP NA
TNT " 2x107-6x10° 3x10¢ NP NA

* This table presents information discussed in Section E.42.2. Predicted risks were
calculated for an infiltration rate of 5 cm/yr (2 in./yr). Possible reductions in
contaminant concemxanons during transit to the aquifer for future conditions,
e.g., from the biodegradation of nitroaromatic compounds, were not considered.
No totals are presented because limited data are available to define current
conditions and, for predicted (future) conditions, breakthrough times would
differ so the estimates in this table cannot be summed directly. This preliminary
analysis will be expanded in documentation to be prepared for the groundwater
operable unit after additional geological and hydmloglcal data become available
to better define potential migration.

Listed are only. those contaminants for which an EPA oral slope factor is
available.

For current conditions, estimated for each location from contours of data
available for groundwater beneath the site. Listed are the ranges and medians of
the contaminant-specific values associated with borehole locations across the site;
a hyphen indicates that the parameter has not been detected in site groundwater.
The range and median values listed for the individual contaminants do not sum
to a total risk 'because the lowest and highest concentrations for each’
contaminant are not present together at the same location. For future conditions,
potential risks were estimated from leaching calculations that used the sitewide
ULy values for soil. NP indicates that a sitewide estimate was not predicted
with leaching calculations because the contaminant was detected in soil at only a
few locations, for which a location-specific analysis was conducted (see text).

4 Estimated from leaching calculations that used Ulgg values for soil at the offsite
background location. NA indicates that the entry is not applicable because
organic contaminants are not present at the background location.
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TABLE E20 Prehmmary Hazard Quotients for the Resndent ﬁom Ingesuon

INT

of Drinking Water' ! L,
g " On-Site Resident®
i Current’ Background
_ T " Resident
Contaminant® Range Median Predicted . Predicted:
Metals oo )
Antimony <46 <q 1 x 107 7-% 102
Arsenic <9x101-2 <9 x 107! 6 6
Barium <8x10%-4x 107 8 x 1072 9x102  1x10?
Beryllium ‘NQ NQ 3 %103 - 5x103
Cadmium ' NQ NQ 2 x 107! 7x102°
“Chromium I -~ 3 x102-3 x 107 2 x 10! 1x10° 1x10°
Chromium VI o NQ NQ. 2 x 102 2 x 102
Copper - NQ NQ 4 x 1073 4x103
Lithium NQ ' NQ 6 x 102 9 x 102
Manganese 7 x 103 - 2 x107? 2x 102 7 x 102 7 x 102
Mercury <2 10'-1 | <2x10? 5 x 1073 3x 102
Molybdenum <3 x107- <3 x 107 2x 107 2x 107
" Nickel <5 x 1025 x 107! <5 x 102 1x 102 2x 102
Selenium. NQ NQ 7 x 103 3 x 102
- Silver NQ NQ 3x103 - 1 x 1073
Thallium <2-2x 10 4 2 x 107 S B
Uranium <1 x 107 - 4 x107! <1 x 10 3 x 107 5 x 103
Vanadium NQ NQ 1 x 10 2 x 10!
Zinc NQ NQ 8x 104 6 x 103
Inorganic anions : ‘ _
Fluoride . <1 x101-1 <1 x 107! 1x 102 1x 102
Nitrate <4 x107:2x10% 1 x 10! 8 x 1072 3 x 102
Nitrite . NQ NQ NQ “NQ
PAHs -1 - NP NA -
i .
PCBs - . NP NA -
Nitroaromatic
compounds S
DNB <1 x 101 -'6 x 107! <1 x 107! NP NA
2,4-DNT - <6 x 102 -1 <6 x 102 NP’ NA
. 2,6-DNT <1 x 10! -i5 x 107! <1.x 10! NP NA
NB <3 x 102 -1 x 1071 <3 x 102 NP NA
TNB <3x10'.9 <3 x10’! NP NA
<5 x 102 - <5 x 102 NP NA

l

i
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TABLE E20 (Cont.)

* This table presents information discussed in Section E.4.2.2. Predicted risks were
calculated for an infiltration rate of 5 cm/yr (2 in./yr). Possible reductions in ’
contaminant conceritrations during transit to the aquifer for future conditions, e.g., fnom
biodegradation of the nitroaromatic compounds, were not considered. No hazard index
is presented because limited data are available to define current conditions and, for
predicted (future) conditions, breakthrough times would differ so the hazard quotients
in this table cannot be summed directly. This preliminary analysis will be expanded in
documentation to be prepared for the groundwater operable unit after additional
geological and hydrological data become available to better define potential migration. -

_b Listed are only those contaminants for which an EPA oral reference dose is available.

¢ For current conditions, estimated for each location from contours of data available for
groundwater beneath the site. Listed are the ranges and medians of the contaminant-
spedific values assodiated with borehole locations across the site; a hyphen indicates that
the parameter has not been detected in site groundwater. NQ indicates that the
estimate was not quantified for that contaminant because either the detection frequency
was low so contours could not be projected or the contaminant was not contoured
because maximum concentrations resulted in very low hazard quotients. NP indicates
that a sitewide estimate was not predicted with leaching calculations because the
contaminant was detected at only a few locations (see text). For future conditions,
hazard quotients were estimated from leaching calculations that used the sitewide ULy,
values for soil. The range and median values listed for the individual contaminants do
not sum to a hazard index because the lowest and highest concentrations for each
contaminant are not present together at the same location.

4 Estimated from leédung calculations with ULyg values for soil at the off-site background .
location. NA indicates that the entry is not applicable because organic contarmnams are
not present in soil at the background location.




TABLE E:21” Estiinated Total Carcinogenic Risks and Hazard Tndexes*

. . Health Hazard
Carcinogenic Risk® o . Index for
- , - Noncarcinogenic
Receptor Radiological Cherhical Combined S Effects
Recreational visitor 6 x 10°% 2x10¢ 6 x 10° ) 0.02
Rangerd - ’ '
Range © 6x10%-1x107 2x10% . 6x10%-1x102  03-05
Median —o7x10% T 2x10°% - 8x10t 04
Resident .. _ o ‘ ' S
Range , 1%x106-9x102  3x10%-6x10¢ 4x108-9x102 = 009-9
Median © 2x10t - 3x10° C2x10¢ - 06
- Farmer® - 1x 102 2kt axier T

This table presents information discussed in Section E.6.2. Potential contr_ibutic;ns from drinking water
ingestion are shown separately (Tables E.12, E.19, and E.20), and those from fish and game ingestion are
discussed in Sections 2.4.5.2, 5.2.4, and 5.3.2 of the BA (DOE 1992a). '

Values shown represent total risks (i.e., including background).for all exposure pathways except radon
inhalation and external gamma irradiation, for which incremental risks were calculated. The combined risk
represents the approximated sum of radiological and chemlcal risks, consxdenng the differences in borehole
locations and estimation methods (see text). :

Represents the totals for all critical effects, i.e., the listed hazard indexes have not been segregated accbrding to
thie target organ and mechanism of action; for the farmer at the Ash Pond area and for the resident at several
Jocations, the segi'egated hazard index also exceeds 1. :

For chemical risks, because the variation is small and the results are rounded to one signiﬁca‘nt figtire, the range

and median are represented by the same value in this table.

Results for the farmer include the conmbution from ingesting homegrown food The estlmated radnologxcal and
chemncal risks for this pathway are 7 x 10%.and-2 x 10%, and the respective background risks are 5 x 10 and

1 x 10%. The estimated hazard indexes for on-site and off-site exposures are 9 and 3, respectively. The -
combined chemical risk for the farmer excluding the contribution from this pathway is 5 x 10° S (Table E13).

-99-3
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APPENDIX F:

vPOTENTIAL HEALTH IMPACTS OF REMEDIAL ACTION

Potenhal health xmpacts of remedial action at the Weldon Spring site were assessed by
eshmatmg the radiological and chemical risks to workers and the general public that could result
from exposure to site releases. Such releases could occur during the excavation, treatment,
transportation, and disposal activities associated with implementing any one of the four final
‘action alternatives for site cleanup. Potential impacts for the final remedial action alternatives
were evaluated in terms of the increased likelihood of cancer induction for both radioactive and
chemical contaminants. Also evaluated were noncarcinogenic impacts for chemical contammants
and the potential for occupational injuries and fatalmes

The U.S.. Environmental Protection Agency (EPA) has developed guidance for assessing
risks associated with cleanup activities at a National Priorities List (NPL) site (EPA 1991b). The
methodology in this gmdance generally parallels that for assessing health impacts associated
with baseline conditions at a site (EPA 1988b, 1989a). The scope of the assessment presented in
‘this appendix is limited to 1mpacts resulting from remedial action activities. Other components
of the risk assessment process for the site are presented in the baseline assessment (BA)
(U.S. Department of Energy [DOE] 1992a) and Appendix E of this document. The methodologies -
used for the exposure assessment, toxicity assessment, and risk characterization are described

" . in detail in the BA; thus, the following discussion references the BA to limit redundancy

From the analysis- of preliminary alternatives in Chapter 4, four final remedial action
alternatives were identified for detailed evaluation in this feasibility study (FS): Alternatives 6a,

- 7a, 7b, and 7c. Alternative 1, the no-action alternative, was also evaluated for the purpose of

comparison with the action alternatives. The potential impacts to human health and the
environment associated with Alternative 1 are given in the BA (DOE 1992a) and in the rebaseline
assessment presented in Appendlx E. : :

Alternative 6a consists of removing the contaminated material; chemically treating the
sludge, soil, and sediment from the raffinate pits and the quarry (the quarry material would be
in storage at the tempomry storage area as a result of mplementmg a previous remedxal action);
and disposing of all contammated material in an on-site cell. Alternative 7 consists of removing
the contaminated material; vitrifying the sludge, sediment, and soil; and disposing of the contami-
nated material either on-site (7a) or off-site at the Envirocare facility near Clive, Utah (7b), or at .
the Hanford facility near Richland, Washington (7c). Potential health impacts resulting from
on-site activities associated with implementing one of the four action alternatives are evaluated -
in Sections F.1 through F.6, and the risks from transporting the waste to an off-site facility
(Alternatives 7b and 7c) are assessed in Section F.7. A summary companson of potential health
impacts for the action alternatives is presented in Section F.8.
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F1 CONTAMINANTS OF 'CONCERN

Both radxoactwe and chermcal contaminants are present in waste residues and soil at

- the Weldon Spring site; the nature and extent of site contamination is presented in detail in the
remedial investigation (RI) (DOE 1992b) and summarized in Section 1.3.3 of this FS. The
_ contaminants of concern for the Weldon Spring site that were evaluated in the BA are presented
" in Table 1.2 of this FS.- These contaminants were selected on the basis of historical data for site

. operations and an evaluation of the characterization data with respect to (1) the distribution and

- ; concentrations of contaminants in environmental media and (2) the potential contribution of con-
) taxmnants to risks at the site. The contaminants considered in the BA were reviewed to deter-
" mine if the List should be revised for this current assessment, i.e., to evaluate potential exposures

- associated with the remedxal action period. All but two of the contaminants were retained for
_ this assessment; radon-220 and asbestos were eliminated because the primary sources of elevated
concentrations of these two contaminants — the chemical plant buildings — are scheduled to
‘be dismantled as part of interim response .actions for the site prior to the remedial action
addressed in this FS (Section.1.5.1). Once the buildings have been dismantled and the resultant
material placed in controlled storage, the exposures and risks associated with asbestos and
., indoor radon-220 and its decay products would no longer be relevant. Thus, in this assessment,
"the risks associated with exposure to all radionuclides in the uranium-238, uranium-235, and

thorium-232 decay series that were included in the BA (except radon-220) were considered. For . -

' chemical contaminants, risks were assessed for metals, inorganic anions, polycyclic aromatic
hydrocarbons (PAHs) polychlormated biphenyls (PCBs), and nitroaromatic compounds

P.z EXPOSURE PATHWAYS =

mechamsm of contaminant release to the envuonment (e.g., excavation of contaminated soil),
. (2) an environmental transport medium (e g, air) for the releaséd contaminants, (3) a point of

human contact with the contaminated medium (referred to as the exposure point), and (4) a _

. route of human exposure (e-g- mhalahon) at the exposure pomt

The pnmary sources of contamination at the site are the raffmate pits, Frog Pond, Ash

. = Pond, South Dump, North Dump, coal storage area, temporary storage area (TSA), and material
" staging area (MSA) (Section 1.3.3). In addition to these source areas, soil at scattered locations
“on-site and at several locations off-site has been contaminated as a result of contaminant
- transport and/or past releases. The off-site locations include the Southeast Drainage;
- Burgermeister Spring and Lakes 34_, 35, and 36 in the Busch Wildlife Area; and discrete soil

vicinity properties (Figure 1.4). (Remedial action at the Southeast Drainage. is' not being

"addressed at this stage of the site cleanup process; it will be addressed in future environmental
compliance documentation. Remedial action activities such as excavation and loading at these

various areas could provide a mechanism for contaminant release. -The principal contaminant -

release mechanisms and transport media associated with such activities are:

. messnon of radon-222 from radxum-contarmnated material to the.
atmosphere, .

A complete exposure pathway consists "of four components: (1) a source and-
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¢ Emission of gamma radiation from radioactively contaminated material
to the atmosphere, and

e Emission of ﬁxgitive dust from radioactively and chemically contami-
nated material to the atmosphere.

Exposure can also occur through direct contact with radxoachvely and chemically contammated
material. :

The primary sources of radon emissions and gamma radiation are the raffinate pits and
the TSA. Although levels of radon gas and gamma radiation are elevated at certain other site-
locations (e.g., those with elevated radium contamination), levels at these areas would be much
lower. For completeness, all on-site sources of radon gas and gamma radiation were included
in this assessment. Fugitive dust would be generated during waste excavation, loading,
treatment, unloading, and waste placement activities. Thus, the release of particulate emissions
to the atmosphere was modeled for the remedial action period (Appendix C), and potential

- exposures from inhalation of fugitive dust for both on-site and off-site receptors were quantified

(Sections F.5 and F.6). Emission of radon-222 during remedial activities was also modeled for
off-site receptors; this modelmg is summarized in Section F.4.1.2. Because fugitive dust could
deposit on the ground at nearby off-site receptor locations, both incidental ingestion of soil and
ingestion of homegrown produce from a garden were also assessed. Fugitive dust.could also
deposit on the face (e.g., lips) of on-site remedial action workers, so potentxal worker exposure
from incidental ingestion of contaminated soil was assessed as well.

The fence surrounding the site and the presence of workers and guards precludé

' unauthorized entry by a member of the public for any significant amount of time; hence, direct

contact by the public with contaminated material during the cleanup period is unlikely. Workers

. would wear protective clothing (coveralls, boots, and gloves) and respiratory protective

equipment, as required, to minimize the likelihood for direct contact with contaminated material.
Thus, the potential for dermal absorption of contaminants is expected to be low. Nevertheless,
dermal exposures to contaminated soil were evaluated for this assessment. Health effects were
quantified only for those contaminants for which dermal absorption fractions are available, in
accordance with EPA recommendations (Schaum 1991). These values are available for only two
of the contaminants of concern at the Weldon Spring site — cadmium and PCBs — so this
assessment is limited. Because the results are insignificant relative to the other pathways
quantified for the various receptors, they are not presented here. The uncertainty associated
with estimating potential health effects for this pathway and the inability to quantify these effects
for all contaminants is discussed in Section 5.5.2 of the BA (DOE 1992a).

On the basis of these considerations, the potential routes of human exposure to site
contaminants presented in this assessment are:

¢ [nhalation of radon-222 and its short-lived decay products,

* External gamma irradiation,
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* Inhalation of radioactively and chenﬁcall){ contaminated airborne dust,

-« Incidental ingestion,of‘radioac‘ti\éely and chemically contaminated soil,
and : '

¢ Ingestion of garden produce grown pri contaminated soil.
F3 POTENTIAt RECEPTORS AND EXPOSURE SCENARIOS

F.3 1 General Public

The general pubhc could potenhally be exposed to radioactive and chemical contami-
nants from the site via airborne dust and gaseous emissions generated during the estimated
7 years that contaminated material would be handled (1993-1999). An area around the site that
could potentially be impacted by site releases was identified on the basis of proximity to
expected emission sources, the nature of those emissions, and the local meteorological conditions
as they would affect atmospheric dispersion. Within this area, nine specific off-site receptor
_~locations were selected for the analysis of potential risks to the general public. Potential
Teceptors at these locations include nearby residents; students and a custodian at Francis Howell

High School; children (ages 6 through 12) at a daycare facility in the former Weldon Spring -
‘Elementary School; and individuals working at the nearby highway maintenance facility, the .-
~ Army Reserve Training Area, and the Busch Wildlife Area headquarters. These off-site receptors
‘and the scenano descriptions are given in Table F.1; the receptor locations are shown in -

Flgure F.1.

The assumphons and mtake parameters used to estimate the radiological and chemical

expOSures for each of the potential receptors are given in Table F.2. Off-site receptors could -

potentially be exposed through inhalation of airborne dust generated during remedial action

activities, incidental ingestion of soil contaminated by particulates deposited on the ground, and

— for the four nearby residential receptors — the ingestion of fruits and vegetables grown in
home gardens. Although. other potential receptors could be identified for the general public.

(e.g., individuals driving by the site on State Route 94 or visitors to the Weldon Spring Wildlife -

“* Area), risks to these receptors were not explicitly evaluated because their exposures would be
less than those estimated for the specific receptors considered in ‘this analysis.

In addition to assessing the potential health risks to these mdmdual receptors, the

‘potential health risks associated with exposures to radioactive contaminants were assessed for -

 the population within a defined radius of the site. Two separate analyses were performed (Avci
‘et al. 1992). In the first analysis, the estimated radiological risk was calculated for all persons
‘living within an 80-km (50-mi) radius of the site. In the second analysis, the estimated risk was

"For readabxhty, all tables in this appendix are presented in sequence at the end of the text of the
appendxx

i
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' FIGURE F.1 Locations of Nearby Receptors

calculated for all individuals within a reasonable radius of impact, which was determined to be
5 km (3 mi) from the center of the site. This smallerradius corresponds to the distance at which
~ the dose to a hypothetical individual is 5% of the maximum individual dose, which would occur
to a hypothetical individual living at the site boundary (Avci et al. 1992)." The results of these
analyses indicate that no individual living in the vicinity of the site would receive a dose from
the combined exposure pathways that could be associated with site activities in excess of
1 mrein/yr above background which corresponds to the negligible individual risk level defined
by the National Council on Radiation Protection and Measurements (NCRP 1987b).

A parallel assessment was not performed for chemical contaminants because the
potential health risks to members of the general public were determined to be much lower than
for the radioactive contaminants (see Sections F.5 and F.6). Thus, the potential health risks to
members of the potentially impacted population are represented by those estimated for exposure
to radioactive contammants :

‘ The probability of accidents involving the release of large quantities of contaminated
material is low for several reasons; including (1) remedial action activities are largely limited to
management of bulk solids (i.e., soil, sludge, and sediment), (2) the process vessels and tanks
that would be managed during remedial action activities would be empty, (3) large quantities
of explosive, flammable, or toxic chemicals (such as chlorine or acids) would not be brought to

the site to support treatment activities (small quantities of these types of materials are currently
in controlled storage on-site, awaiting disposal in a permitted facility), (4) treatment facilities
would operate in a batch mode, processing relatively small quantities of material per batch, and
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(5) an off-gas treatment system would be used for the vitrification facility to address its potential

for significant airborne releases. Operations would be monitored to ensure that all systems were -

operating as required. If failures of specific components of the off-gas treatment system were
to occur, activities would be shut down, and the components would be repaired and tested prior
to restart. Thus, airbomne releases resulting from accidents occurring on-site would be small
compared with releases from routine remedial action activities. For example, a probable accident
could involve a spill from a truck transporting matenal on-site; if all the truck contents were
spilled, such an accident would involve about 15 m® (20 yd®) of material, which is small
compared with the volume of contammated material that would be handled on a daily basis, i.e.,

*about 380 to 760 m3 [500 to 1,000 yd3]. Therefore, exposures of the general public resulting from -

an on-site accident were not specifically assessed in this analysis. Assessment of the potential

impacts associated with transportahon of the waste off-site (including acc:dents) is presented in

Section F 7.

F3.2 Workers

Assessment of potential worker exposures included both on-site office workers and

remedJal action workers directly involved in handling contaminated material. The principal
assumptlons associated with estimating these exposures are given in Table F.2. The popu]atlon
nsks to on—51te office workers and remedml action workers were also assessed.

Remedial actmn workers ‘and  on-site office workers could be exposed to site
confaminants while the various activities required to implement the selected alternative were

_being conducted. ' The pqtenhal exposure routes are external gamma irradiation; incidental ».
. ingestion of contaminated soil, inhalation of contaminated airborne particulates, and inhalation

“of radon-222 and its short-lived decay products. The main activities that would result in the

- ‘generation of fugitive dust are soil excavation, treatment, loading/unloading, and surface.

grading. These ‘activities would be conducted in accordance with health and safety plans
developed for the Weldon Spring site in order to minimize potential occupational exposures to
contaminants. Moreover, DOE is committed to keeping all exposures to workers as low as
reasonably achievable (ALARA), as specified in DOE Order 5480.11 (see Appendix G, Table G.2).
Workers at the site, working either with the contaminated material or in the vicinity of
operations involving such material, would be supphed with protective cléthing and equipment
~ (such as respiratory protective eqmpment), as required. For this assessment, it was assumed that
the workers would routinely wear appropriate protective clothing but-would wear respiratory
' protective equipment only while handling the raffinate pit sludge and contaminated material at
the TSA susceptible to becoming an'bome ‘ :

Accidents that might occur during the various activities assomated with the ﬁnal action
“alternatives could result in short-term increases in worker exposures to contaminated material.
'Preventive measures and ‘contingency plans would be in place for responding to potential
accidents. Workers would utilize protective clothing and respiratory protective equipment, as
necessary, and standard equipment and procedures would be used to clean up spills and

" conduct other activities required as the result of an accident. Because potential worker exposures

resul_ting from an accident ixivolving_ contaminated material would be similar to those occurring
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during routine handling of such material, exposures associated with such an accident were not
assessed in this analysis. However, impacts associated with occupational accidents (i.e., deaths
or injuries) during implementation of the final remedial action alternatives were assessed (see
Section F.6.3). These nonexposure-related impacts would be expected to occur during any
* construction project of equivalent size and scope. -

F.4 EXPOSURE POINT CONCENTRATIONS

An exposure point concentration is the concentration of a specific contaminant in a
~ given medium at the location of potential exposure. The exposure point concentrations of
radioactive and chemical contaminants were estimated for each individual receptor location
* described ‘in Section F.3. Because remedial action activities at the Weldon Spring site would
involve the handling of material from a number of source areas at the site that are contaminated
. with varying concentrations of different contaminants, contaminant concentrations were
developed for material at each area identified for excavation, treatment, and disposal. The
concentrations of radioactive and chemical contaminants from various sources at the site are
given in Tables F.3, F.4, F.5, and F.6; these data were used along with the model-predicted
airborne and deposited particulate concentrations at nearby receptor locations (Appendix C, Sec- .
tion C.1.3.1) to estimate exposure point concentrations in the air and on the ground at these '
locations. : :

"Exposure point concentrations were estimated separately for the on-site disposal
alternatives, Alternatives 6a (chemical stabilization/solidification) and 7a (vitrification).
Emissions of contaminated material from the site under Alternatives 7b and 7c (i.e., the off-site
disposal alternatives) would generally be similar to or slightly less than those under Alterna-:
tive 7a (Appendix C). Hence, the impacts in the vicinity. of the Weldon Spring site for
Alternatives 7b and 7c are represented by those for Alternative 7a. The differences in
transportation impacts for these four alternatives are assessed in Section F.7. Exposure point
concentrations of contaminants in air and soil for Alternahves 6a and 7a are discussed in
Sections F.4.1 and F.4.2, respectively.

F.4.1 Air

F.4.1.1 Airbome Particulates

. Airborne contaminant concentrations of chemicals and radionuclides other than

radon-222 and its short-lived decay products were estimated for each off-site receptor location
on the basis of atmospheric transport modeling and site-specific meteorological data (Appen-
dix C, Table C.3).” These concentrations were determined from the contaminant concentrations
in the various media ‘bein"g remediated and the estimated air concentrations of respirable (i.e.,
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- PM-10°) parhmlates resultmg from excavatlon treatment loadmg/ unloadmg, and gradmg and'f-:.

compacting activities. The methodology used to estimate PM-10 particulate concéntrations at

the exposure points beyond the site perimeter and at the on-site office building is described in . -
_detail in Appendix C. Only the PM- 10 estimates for fugitive dust originating from contaminated

areas were used in this assessment; PM-10 estimates of dust generated by the movement of
 construction equipment on uncontaminated areas were not included. Engineering controls
“would be used during remedial action activities to minimize airborne releases (Appendix C).
The estimated average airborne contaminant concentrations at each receptor location for the
7-year cleanup period are presented in Table F.7 for radionuclides and Tables F.8 and F.9 for
chemicals. These contaminant concentrations were used to estimate potential inhalation
exposures for the nearby receptors (A through I), which are presented in Section F.5.

The models used to estimate airborne parhculate concentrations cannot be apphed to

~ an area close to a source, such as at the working face during excavation. Thus, the average

.concentration of total airborne partu:ulates to which a remedial action worker (receptor K) would
be exposed was assumed to be 5.0 mg/m?>, which is 33% of that allowed for worker exposure
_to nuisance particulates without requiring respiratory protection (see Appendix G, Table G.2).
Dunng remedial action activities, dust control measures would be implemented to control air

. particulate concentrations to this level, or respiratory protective equipment would be worn by |

the workers. The PM-10 particulate concentration was assumed.to be one-fifth of the total
- .airborne particulate concentration, ie., 1.0 mg/m>. This assumption is consistent with
, information prowded in EPA (1989c). Because the worker would be involved in cleanup

activities across the site, the airbore contaminant concentrations used to estimate inhalation
exposures for this receptor were derived from ULgg (95% upper confidence limit of the anthmetxc o

‘waverage) contaminant concentrations in sitewide soil.-

_Following the cleanup period, airborne releases are expected to be negligible. If the :
waste were disposed of on-site (Alternative 6a or 7a), the disposal cell would be routinely -

examined to ensure its integrity, and corrective actions would be performed as necessary. If the
waste were disposed of off-site (Alternative 7b or 7c), on-site releases would be minimal because
the sources of contamination would have been removed to another location where they would

be contained. In either case, the site perimeter would be monitored- following the cleanup
.+ period, as appropriate, to ensure that airborne emissions were kept well below applicable limits.

- Therefore, potential exposures associated with airborne emissions following the cleanup period
. have not been quantified in this assessment..

The CAP88-PC computer code (EPA 1992) was used for the radJologxcal populahon dose
“assessment. This computer code is a collection of subprograms, databases, and associated utility
.programs developed by the EPA for assessing compliance of radionuclide releases with limits
. established under the Clean Air Act (see Appendix G, Table G.2). This code incorporates an
_ environmental transport model that uses a modified Gaussian plume equation to estimate the
average dispersion of contammants released from a source area for a circular grid within a

*The term PM-10 refers to the respirable fraction of partlculates, i.e., particulates with an aerodynamxc
diameter of <10 pm. . »
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radius of 80 km (50 mi) around a facility. The airborne contaminant release rate from the site
- was modeled by combining the yearly release rates from individual source areas into a single
.composite source located at the center of the site. Release rates for individual source areas were
obtained by multiplying the radionuclide concentration in each source area (Tables F.3 and F.4)
by the corresponding emission rate for that source area (see Appendix C, Section C.3.4, for the
emission rates for the various source areas). Release rates were modeled for each year of the
7-year cleanup period (see Avci et al. {1992] for addxtxonal information regardmg the radiological
population dose assessment).

F.4.1.2 Radon

In addition to radioactive parhculate concentrations, the concentrations of radon-222 and -
its short-lived decay products were estimated at the various receptor locations. The releases of
radon-222 from the site consist of two components: (1) releases from undisturbed material
having elevated concentrations of radium-226 and (2) releases from the interstitial spaces in the
contaminated material disturbed during remedial action activities. Releases of the first type were
calculated from the estimated radon-222 flux (rate per unit area), exposed surface area, and -
length of time associated with remedial action activities; releases of this type are currently
occurring at the site. Releases of the second type are directly related to remedial action activities.
~ When contaminated material is excavated, radon gas that has accumulated in the interstitial

spaces is released as the void spaces are exposed to the atmosphere. For this analysis, it was
.assumed that 20% of the total amount of radon-222 in the contaminated material could migrate
out of the waste particulates into the surrounding void spaces and be released as the material -
was being excavated. In addition, it was assumed that the complete inventory of radon gas
would be released from the material being vitrified under Alternative 7a. For assessment
‘purposes, it was assumed that radon releases would occur at the center of the site. The total
‘radon released from the site was estimated for each year of the 7-year cleanup period for
Alternatives 6a and 7a.” The annual average release rates are 35 and 50 Ci/yr for Alternatives 6a
and 7a, respectively. The amount of radon released would be thher for Alternative 7a because
of releases associated with the vitrification process

" The risk associated with radon-222 is due pnmanly to the inhalation of its short-hved
decay products. Thus, the concentration of radon-222 alone is not a good measure of the hazard
associated with this radionuclide. A more representative measure is the potential alpha energy
associated with its short-lived decay products; the working level (WL) is such a unit of measure.
One working level corresponds to 100 pCi/L of radon-222 in equilibrium with its short-lived
decay products. One working level is defined as any combination of short-lived radon decay
products in 1 liter of air, without regard to degree of ethbnum, that will result in the emission
of 1.3 x 10° MeV of alpha energy. '

Because the major hazard associated with radon-222 is its short-lived decay products,
it is necessary to account for ingrowth of these decay products during atmospheric transport to
the exposure points. The degree of ingrowth is given by the working-level ratio (WLR). The

. WLR is initially zero at the point of release and increases with time (and transit distance). The
WLR has a value of one when the decay products have reached equilibrium with radon-222. -
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The WLRs for the various exposure points were calculated with the algoﬁthm mcorporated in. .
the CAP88-PC computer code. The estimated exposure point concentrations of radon-222 (in - -

pCi/L) and.its short-lived decay products (m WL) associated with remedxal action actxvmes at
© the Weldon Spnng site are given in Table F.7. ' :

The average concentration of radon-2.22 decay products to wh1ch remedial action

~ workers would be exposed is estimated to be 0.001 WL (DOE 1987). This value is based on past

" experience at uranjum milling facilities and on the radium-226 concentration in contaminated

. material at the Weldon Spring site.. Although the concentration of radon-222 decay products

_would likely be higher when handling the raffinate pit sludge and contaminated material from

“the TSA, respiratory equipment would be used during these activities to minimize worker

s

exposures. Therefore, this average value is used to estunate radon-222 exposures for remedxal :

action activities at the site.

- F.4.2 Soil

Radioactive and chemical contaminants could be deposited in-the soil at the off-site

- receptor locations as a result of airborne particulates generated by the remedial action activities .

at the site. The amount deposited at each receptor location during the 7-year cleanup period was

~ modeled, and it was assumed that contaminants in the soil at these locations would accumulate
over the duration of the remedial action period; no mechanisms of contaminant removal, such -
"as leaching or resuspension, were considered. ' The methodology and assumptions used to -

eshmate the amount of deposxted airborne partxaﬂates are given in Appendix C, Section C.1.3.1.

The exposu.re pomt concentrahons of radmactwe and chemical contarmnants in soil at

% all receptor locations except receptor K were estimated from the contaminant concentrations in

. the various source areas and the amount of airborne particulates deposited on the ground.
" These soil concentrations were used to assess receptor exposures from ingestion of fruits and

‘vegetables grown in contaminated soil, incidental ingestion of soil, and external gamma
irradiation. Assessment of exposures associated with contaminated soil are discussed in

Section F.5. The concentrations of radioactive contaminants in soil at each receptor location are

given in Table F.10 for Alternatives 6a and 7a. Chemical concentrations in soil are given in
* Table F.11 for Altemative 6a and Table F.12 for Alternative 7a. For the on-site office workerand -

- all off-site receptor locations, the soil concentrations mpresent the contaminant concentrations

f accumulated over the 7-year cleanup period.

The external gamma exposure rate to which remedial action workers would be exposed

- would be highly variable for the various site wastes. .The exposure rate would be highest in the

vicinity of the TSA and raffinate pit sludge and much lower in areas of contaminated soil. For .

“ example, the dose rate at the TSA was estimated to be 0.25 mrem/h for workers involved in the

" quarry bulk waste remedial action (DOE 1990), whereas the gamma dose rate from sitewide soil
is estimated to be 0.012 mrem/h, including the background contribution of 0.0095 mrem/h. The
latter values are based on the sitewide ULgys gamma exposure rate of 0.013 mR/h, a background
exposure rate in the Weldon Spring area of 0.010 mR/h, and a dose conversion factor of

~ 0.95 mrem/mR (DOE 1992a). Because shielding would be used as necessary and many of the
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activities would not occur in proximity to the more highly contaminated matenal an average
_ dose rate of 0.05 mrem/h above background was used to estimate the doses to workers from
exposure to extemal gamma radiation.

' F.4.3 Comparison with Standards and Criteria

- Previous EPA guidance for baselme risk assessments at NPL sites (EPA 1986) requu‘ed
a comparison of exposure point concentrations with applicable or relevant and appropriate
- requirements (ARARs). Although new guidance (EPA 1989a) no longer requires such a
comparison, the exposure point concentrations given in Sections F.4.1 and F.4.2 were compared
with potential ARARs to ensure compliance both with DOE guidelines for the protection of the
general public and workers from airborne radioactive contaminants and with standards and
guidelines for worker protection from the Occupational Safety and Health Administration
(OSHA), the American Conference of Governmental Industrial Hygienists (ACGIH), and the
National Institute for Occupational Safety and Health (NIOSH).

F.4.31 Radioactive Contaminants

- For radioactive contaminants, demonstration of compliance with pertinent regulations
and standards are generally based on dose, in mrem. Comparisons with applicable dose limits
for both workers and members of the general public are discussed in Section F.5. However,
derived concentration guides (DCGs) and derived air concentrations (DACs) for protection of
members of the general public and workers, respectively, from airborne radioactive contaminants
are prov1ded in Table F.7 for purposes of comparison. The DCGs and DACs are established for
‘planning purposes and as indicators that a potential exists for exposure to exceed the applicable
dose limits. The DCGs and DACs relate to dose resulting from inhalation of individual
- radionuclides; therefore, to ensure compliance with a dose standard, the airborne concentrations
must be reduced appropriately when two or more radionuclides are involved.

The DCGs are the concentrations that would result in an effective. dose eqmvalent of
100 mrem under conditions of contmuous inhalation exposure for 1 year. These values are based
on an inhalation rate of 8,400 m3 of air per year. The DCGs given in Table F.7 are taken from
DOE Order 5400.5 (see Appendix G, Table G.2). The estimated airborne concentrations of
individual radionuclides at- all off-site receptor locations are considerably below the
. corresponding DCGs. The DACs are based on limiting either the committed effective dose
equivalent to 5 rem/yr or the dose equivalent to any organ to 50 rem/ yr, whichever is more
restrictive. These values are based on an inhalation rate of 2,400 m> of air per year (i.e.,
1.2 m*/h during a 2,000-hour work year). The DACs given in Table F.7 are taken from DOE
Order 5480.11 (see Appendix G, Table G.2). The estimated airborne concentrations of individual
radionuclides at on-site receptor locations (receptors J and K) are consxderably below the
correspondmg DACs.
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: Standards and gmdelmes that are avaxlable for occupahonal exposures to. chermcals
“include the permissible exposure limits (PELs) of OSHA; the threshold limnit values (TLVs) of the
. ACGIH; and the recommended exposure limits (RELs) of NIOSH. The PELs are promulgated
.standards and are pertinent to worker exposure durmg mplementatxon of the selected remedial

~ action altemnative. In addition, DOE Order 5480.4 requires that worker exposures not exceed the
TLVs established by the ACGIH. Site workers would not be exposed to airborne contaminant
sconcentrations in excess of the more restrictive of these values. The estimated exposure point
_concentrations for Alternatives 6a and 7a are given in Tables F.8 and F.9; the PELs, RELs, and
"TLVs for airborne chemical contaminants are given in Table F.13. ‘The estimated airborne con-
centrations at on-site receptor. locations - (receptors J and K) are considerably below the -
recommended occupational exposure limits.

—. e e+

F.5 ESTIMATED DOSES AND INTAKES OF CONTAMINANTS

: : Estunates of exposure are based on the contaminant concentrations at the exposure
- points (Section F.4) and scenario-specific assumphons and intake parameters. Scenario-specific

- -assumptions include factors such as the age and weight ofa potential receptor and the frequency

.and duration of exposure to contaminated media; intake factors are specific to the route of :
*.exposure, e.g., inhalation and ingestion rates. The assumptxons used to estimate radiological and
chemical exposures for the general public and workers are discussed in Section F3 and '
summanzed in Table F.2.

For radioactive contaminants, exposure is expressed in terms of (1) the 50-year

- comumitted effective dose equivalent for all exposure pathways except inhalation of radon-222

and its short-lived decay products and (2) the working-level month for inhalation of radon decay

products (see Section 3.4.1 of the BA [DOE 1992a] for additional- discussion of these concepts).

. For chemical contaminants, expostire is expressed in terms of intake, which is the amount of

contaminant taken into the body per unit body weight per unit time. Exposures were estimated

" for the radioactive and chemical contaminants for each of the receptors identified in Section F.3
_for both Alternatwe 6a and Alternanve 7a.

'F.5.1 General Public

F.5.1. 1 Radioactive Contaminants

Radiological exposures were calculated for each individual receptor with pathway-
spec:ﬁc equations and receptor-specific intake parameters (Table F.2). For each pathway, the
“exposure point concentration was multiplied by the quantity of the intake and the appropriate
dose conversion factor, which gives the dose (in mrem) for a unit intake of a radionuclide. In :

. addition to inhalation, airborne contaminants released during the cleanup period could deposit D
on the ground, resulting in three additional pathways of exposure — external gamma irradiation, -



F-15

incidental mgeshon of contammated soil, and ingestion of homegrown produce. Although these
three potential exposure pathways are not expected to be significant, the radiation doses .
associated with these pathways were evaluated for completeness.

The speéiﬁc equations used to assess these exposure routes are the same as those given
in the BA (DOE 1992a): inhalation of airborne particulates, Equation 3.15; inhalation of radon
decay products, Equation 3.14; external gamma irradiation, Equation 3.9; incidental ingestion of -
soil, Equation 3.10; and ingestion of food, Equation 3.17. The dose conversion factors were the
same as those used for the BA (see Sections 3.4.1 and 4.1 of the BA).

The results of these calculations indicate that, for all off-site receptors, the radiological
. exposures from ingestion of food and incidental ingestion of soil would be very low (about 1%
of the total dose) compared with the other routes of exposure. In addition, exposure to external
gamma irradiation from radioactive contaminants deposited on the ground would be
. insignificant (i.e., less than O 1% of the total dose). Therefore, the radiological doses associated
with these three exposure routes were not considered further in this assessment.

The estimated annual radiological doses from inhalation to individual members of the
general public in the vicinity of the Weldon Spring site during the remedial action period are
presented in Table F.14 for Alternatives 6a and 7a. These doses account for more than 98% of
-~ the total dose from all routes of exposure. The total dose to the hypothetical maximally exposed
member of the general public from transportation activities for Alternatives 7b and 7c is .
estimated to be 0.11 mrem (Section F.7.3.1). The health risks associated with these radiological

exposures are discussed in Sections F.6 and F.7. All doses to members of the general public are A

well below the limit of 100 mrem/ yr specxﬁed in DOE Order 5400.5.

In addition to estimating doses to md1v1dual receptors, the off-site populahon doses
from radioactive contaminants were calculated for all persons residing within an 80-km (50-mi)
radius of the site (about 3 million persons). The CAP88-PC computer code was used to estimate
population doses for exposures from inhalation, ingestion, and external gamma irradiation from
air immersion and radionuclides deposited on the ground. From the results of these calculations,
a radius of reasonable impact was inferred. The reasonable radius of impact was determined
_ to be 5 km (3 mi) from the site center, within which about 10,700 persoris are estimated to reside -
(Section F.3.1). (This estimate is based on 1990 census data and the average population density
of St. Charles County. The number of people actually residing within this radius is significantly
lower. Hence, the population doses calculated for the potentially impacted population are
overestimated.) The estimated doses to the population residing within 5 and 80 km (3 and
50 mi) of the site over the entire remedial action period are 5.5 and 34 person-rem, respectively,
for Alternative 6a and 4.6 and 32 person-rem, respectively, for Alternative 7a. The major source
of this dose is inhalation of thorium-230 and radon-222 decay products. Details on the
population dose assessment are given in the report of Avci et al. (1992). The population doses
. resulting from transportation activities are estimated to be 4.4 and 5.8 person-rem for
‘Alternatives 7b and 7c, respectively (Section F.7.3.1). '
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F.S.l».'z Chemical'Contamix;\anb o _ -

Exposures to chemical contammants in terms of intake were estimated for each
individual receptor with route-specific equatioris. and receptor-specific intake variables
(Table F.2). In general, to estimate intake, the exposure point concentration is multiplied by

-appropriate ‘intake variables and divided by the assumed body weight and either the number

-of days in the exposure period for noncarcinogenic effects or the number of days in a lifetime
(70 years) for carcinogenic effects. The pathway-specific equations used to estimate intake are

- Equations 3.11, 3.16, and 3.18 from the BA (DOE 1992a) for incidental ingestion of soil,
inhalation, and ingestion of homegrown produce, respectively. Because of the large number of
chemical contaminants included in this assessment, the individual contaminant intakes for the
various exposure pathways are not tabulated in this appendix. The results of the exposure

assessment were used to calculate hazard indexes and chemical carcinogenic risks, which are

presented in Section F.6.2.

'F.5.2 Workers ~

e : Dunng the remedial action penod on-site workers would include both remedial action
+workers directly involved with cleanup activities and project office workers. The total number

«.of remedial action worker-years required for the final action alternatives is given in Table F.15
«these values were used to estimate the collective impacts to workers for each alternative. The .

‘estimated remedial action worker requirements range from 560 to 1,100 person-years for
- Alternative 6a and Alternatives 7b and 7c, respectively. In addition, about 200 individuals

.would be working on-site in the project office building during this period. Assumptions for the

: exposure scenarios for a remedial action -worker (receptor K) and an on-site ofﬁce worker
i (reCeptor D are gwen in Table F.2. _

Workers involved in remedial action activities were assumed to be wearing protective

_clothing but generally not using any respiratory protective equipment, except when handling the
raffinate pit sludge and contaminated material at the TSA susceptible to becoming airborne. This

- is a conservative assumption because respiratory protective equipment would probably be used

. for any activity having the potential for generating significant amounts of contaminated airborne .

. releases. If respiratory protective equipment were used, the only significant exposure pathway
. for workers would be extemal gamma irradiation.

Cleanup achvmes are ex'pected to occur during 7 years of the 10-year remedial action -

period.. Because of the variety of activities involved, it is unlikely that any individual would

work continuously on site cleanup activities for the entire 7 years. However, for this analysis,

- tit was assumed that a worker would be exposed to site contaminants for 7 years. This
: calculation provides a conservative eshmate of the health risk for any individual remedial action
* worker.

‘ Following completion of remedial action activities, exposufes of workers would be
. negligible because only monitoring and maintenance activities would be. conducted and few
workers would be involved. These activities would be similar for all of the alternatives because
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it would be necessary to' monitor the environment and perform maintenance activities at the .
disposal cell regardless of the location for waste disposal. Workers would be present
periodically to collect air and water samples, to inspect and maintain the containment system,
. to maintain the fences and mow the grass, to patrol the site for security purposes, and to
perform other routine monitoring and maintenance activities. During this time, workers would
not be exposed directly to the wastes and all exposures would be negligible. However, if major
repairs to the containment system were needed in the future, occupational doses could be
significant. Such repairs could result in occupational exposures comparable to those estimated
for implementing one of the four final remedial action alternatives over the same period.

F.5.2.1 Radioactiv_e_ Contaminants

" Radiological exposures to workers were generally calculated in the same manner as
exposures to members of the public (Section F.5.1.1). The estimated annual doses to an on-site
remedial action worker (receptor K) from exposure to radioactive contaminants are given in
Table F.16; the annual dose:to an on-site office worker (receptor J) is given in Table F.14.

The total dose to an on-site remedial action worker is estimated to be about 0.34 rem/yr
from all pathways except inhalation of radon-222 decay products, which is estimated to be -
0.025 WLM/yr. On the basis of the dose conversion factor of 1 rem/WLM given in Publica- _
tion 32 of the International Commission on Radiological Protection (ICRP 1981), this radon-222
decay product exposure corresponds to a dose of 0.025 rem/yr. The dose from all exposure
pathways is thus about 0.36 rem/yr, a value that is considerably below the occupational dose
limit of 5 rem/yr given in DOE Order 5480.11. The collective radiological doses to remedial
action workers for all activities except transportation are estimated to be 150 person-rem for
Alternative 6a and 260 person-rem for Altemahve 7a,7b,or 7c (based on the worker projections
given in Table F.15).

The occupanonal doses associated with transportation for Alternatives 7b and 7c are
presented in Section F.7.3.1. These doses would be due exclusively to external gamma
irradiation because the waste material would be packaged in containers prior to shipment. The
maximum annual dose is conservatively estimated to be 0.1 rem/yr to a waste handler at the
rail siding transfer station in Wentzville. The collective occupational dose for transportation is
estimated to be 1.5 person-rem for _either Alternative 7b or Alternative 7c (Section F.7.3.1).
Therefore, the collective occupational doses for the four final remedial action alternatives are
those estimated for remedial action- ‘workers, ie., 150 person-rem for Alternative 6a and
260 person-rem for Altemahve 7a, 7b, or 7c. :

On-site ofﬁce workers could be exposed to contaminated airborne dusts and radon-222
and its short-lived decay products. The collective dose to these workers for Alternative 6a is
estimated to be 0.057 person-rem from inhalation of contaminated particulates - and
0.25 person-WLM from inhalation of radon-222 decay products. The corresponding doses for
Alternative 7a are 0.045 person-rem from inhalation of contaminated particulates and -
0.38 person-WLM from inhalation of radon-222 decay products. For comparison, during the
same period, these workers would receive a collective dose of about 280 person-WLM from
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naturally occm'r'ing.radon-m decay prodhcts and a dose of about 140 pe'rson-r‘em from natural
sources of radiation other than radon. The doses incurred by on-site office workers as a result

of remedial action activities would be very low compared with those resultmg from natural
sources of radxahon. T :

F.5.2.2 'Chemical Contdminai\b '

Chemical mtakes for the ofﬁce worker (receptor J) and the remedxal action worker
(receptor K) were estimated in the same manner as for members of the general public
(Sechon F5.1.2). Pathways considered for both receptors were inhalation of airborne
contaminants generated during remedial activities and incidental ingestion of soil. The results
of the exposure assessment were used to calculate hazard indexes and chemical carcinogenic

 risks, which are presented in Section F.6.2. Collective intakes and associated health risks for the
entire work force are not presented for chemical contaminants because the risks associated with.

exposure to radioactive contaminants are much higher (see Section F.6): Thus, the potential
health risks to the entire work force implementing one of the final remedial action alternatives
are represented by the risks from exposure to radioactive contaminants.

‘F.6 HEALTH RISK EVALUATION

v

The potential health nsks to the general public and workers from site' cleanup activities

were estimated for both radionuclides and chemicals; these risks are discussed in Sections F.6.1.
and F.6.2, respectively. Potential risks were also estimated for nonexposure-related occupational

accidents that could occur during remedial action, and these risks are discussed in Section F.6.3.

F.6.1 Radiological Risks b

Radiological risks to the general public and workers were estlmated on thie basis of the
doses given in Tables F.14 and F.16, respectively. The two primary concerns associated with
exposures to low levels of ionizing radiation are cancer induction and serious genetic effects in

~ future generations. The major health risk associated with the radionuclides at the Weldon Spring

site is the induction of cancer. Hence, the assessment of radiological risks was limited to this

. concern, in accordance with EPA guidance (EPA 1989a). The likelihood of cancer induction was

estimated on the basis of (1) the risk factor of 6 x 107 /mrem for all exposure pathways except
inhalation of radon-222 and its short-lived decay products used by the EPA (1989b) and (2) a risk
factor of 3.5 x 104/WLM for inhalation of radon-222 decay products recommended in the
BEIR IV study (National Research Council 1988). Because most lung cancers are fatal, this latter
risk factor can also be used to estimate the rate of cancer induction. The estimated radiological

 risks to potential receptors in the vicinity of the Weldon Spring site areigiven in Table F.17.

The lifetime individual risks to the general public from radiation exposure as a result
of remedial action activities would be very low, i.e., less than 1 x 10 for all receptors for all four
final r_emedxal action alternatives. For purposes of comparison, the dose from background

’ﬂ
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radiation is about 300 mrem/yr (NCRP 1987a). This dose corresponds to an annual risk of about
2 x 10%/yr for cancer induction or about 1 x 103 over the 7-year cleanup period.. The radio-
logical risks to the populations within 80 and 5 km of the site are conservatively estimated to
be 2 x 102 and 3 x 103, respectively, for either Alternative 6a or 7a. (The actual radius of
impact is probably less than 5 km on the basis of the very low radiological risk estimated for off-
site individuals within 3 km of the site.) It is unlikély that any cancer induction in off-site
individuals would result from site releases during the remedial action period.

The radiological risks to members of the general public during waste transportation for
Alternative 7b or 7c would also be low. The lifetime risk to a hypothetical maximally exposed
member of the general public is estimated to be 7 x 10, and the risk to the affected population
is estimated to be 3 x 10°3 for Alternative 7b or Alternative 7c. It is highly unlikely that waste
transportation would result in cancer induction for any member of the general public as a result
of radiation exposure (see additional discussion in Section F.7.3). The health risks to members
- of the general public in the vicinity of the two alternative disposal sites (i.e.,, Envirocare or
Hanford) would be extremely low on the basis of the d15tance to the nearest res:dences from the
hkely dxsposal cell location at these facilities.

The risks to workers are also expected to be low. The estimated risk to a remedial

- action worker who would be on-site for the entire 7-year cleanup period is estimated to be about

-1 x 103, The maximally exposed worker associated with off-site transportation of waste for -
Alternative 7b or 7c would be a waste handler at the Wentzville rail siding; the risk to this

worker is estimated to be 2 x 10%. The collective risk to the entire work force is estimated to -

"be 9 x 102 for Alternative 6a and 2 x 107! for Alternative 7a, 7b, or 7c. The risk to an office
worker at the Weldon Spring site is estimated to be 6 x 107 for Alternative 6a and 8 x 107 for
Alternative 7a, 7b, or 7c; the corresponding collective risks to all on-site office workers are
estimated to be 1 x 104 and 2 x 10#, respectively. It is unlikely that the proposed action would
result in adverse health effects to the project work force (i.e., remedial action workers and on-site
office workers) from exposure to radioactive contaminants.

. F.6.2 Chemical Risks

F.6.2.1 Carcinogenic Risks

The potential risk to an individual resulting from exposure to chemical carcinogens is
expressed as the increased probability of a cancer occurring over the course of a lifetime. To
calculate the excess cancer risk, the daily intake averaged over a lifetime is multiplied by a
chemical-specific slope factor. Slope factors have been derived by EPA for a number of
* carcinogens to represent the lifetime cancer risk per milligram of carcinogen per lologram of
body weight, assummg that the exposure occurs over a lifetime of 70 years.

A slope factor is specific to the chemical and the route of exposure, e.g;, inhalation or
ingestion. The slope factors given in Tables 4.4 and 4.5 of the BA (DOE 1992a) were used for
this assessment. The estimated risks to a remedial action worker, an on-site office worker, and
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members of the general public from exposures to chemical contaminants are given in Tables F. 18
-and F.19 for Alternatives 6a and 7a, respectively. The potential health effects estimated for off-

" site receptors A through D from ingestion of homegrown produce are insignificant relative to
parallel estimates for background exposures; therefore, they are not included in these tables. The

- total risks estimated for the nine general public receptors range from 6 x 1010 to 3 x 107 for

Alternative 6a and from 5 x 107%to 3 x 10 for Alternative 7a. Because these risks are very low,
~‘no adverse effects to the general public are expected to. result from exposures to chemical
X carcmogens during remedial actlon actlvmes
%‘%‘ ~ The chemical carcinogenic risk estimated for the on-site office worker is 5 x 108 for
¢ Alternative 6a and 6 x 10 for Alternative 7a. The total carcinogenic risk for a remedial action
worker -from inhalation and incidental ingestion is estimated to be 8 x 10°. This value
represents the risk from handling contaminated material each work day over the entire 7-year
. cleanup period. For this assessment, it was assumed that workers would wear respiratory
protective equipment only when handling the raffinate pit sludge and contaminated material at
the TSA susceptible to becoming airborne. However, respiratory protective equipment would
also be worn when there was an increased likelihood for generating significant amounts -of
_airborne particulates, thus reducing potential exposure from both inhalation and ingestion.
” Wearing respiratory protective equipment would also prevent the incidental ingestion of soil.
"Thus, the actual risk to a remedial action worker would be lower than that given above.
Although the unavailability of slope factors for all chemical carcinogens results in . under-
* estimating the total carcinogenic risk, the estimated daily intakes of these compounds would
~result in very low doses, and the potential for carcinogenic effects from exposure to these
contaminants would also be low. :

F.6.22 Noncarcinogenic Risks

Potential adverse health effects resulting from exposures to noncarcinogens are assessed -

by comparing estimated intakes to EPA-established reference doses; a reference dose is the

average daily dose that can be received without likely adverse health effects. Because cleanup

activities at the Weldon Spring site are projected to occur over a 7-year period and the exposure

. duration assumed for all receptors except receptor E is 7 years, available chronic reference doses

" were used in this assessment to estimate potential noncarcinogenic health effects. The exposure
duration assumed for the high school student (receptor E) was 4 years and, therefore, the use

- of subchronic reference doses would have been more appropriate for this receptor. However,
chronic reference doses are the same or lower than subchronic reference doses, so the use of
chronic reference doses results in potenually overestimating the hkehhood for adverse health
effects for receptor E and, thus, is more conservative.

. Potential risks from exposure to a chemical are assessed by dividing the estimated

- intake by the EPA reference dose to derive a "hazard quotient” for the chemical. For an
individual chemical; a hazard quotient of 1 or less is considered to indicate a nonhazardous

- situation or, conversely, a hazard quotient of greater than 1 is considered to indicate a poténtial
for adverse health effects. The individual hazard quotients are then summed to determine an

. overall hazard index. Although chemical-specific hazard quotients may all be less than 1, their
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sum may be greater than 1. .In this case, the major toxicological effects and mechanisms of action
of the individual chemicals are examined to determine the potential impact associated with
exposure to multiple contaminants. The primary contributors to the total hazard index are
- 'grouped according to their health end points, and a separate hazard index is deﬁned for each |
group; thls is referred to as segregation of the hazard index. '

Reference doses are not available for all contaminants for the routes of exposure
considered in this analysis; the available reference doses are given in Tables 4.2 and 4.3 of the
BA (DOE 1992a). The hazard indexes for the general public and worker scenarios are presented
in Tables F.20 and F.21 for Alternatives 6a and 7a, respectively. Because a hazard quotient could
not be calculated for all chemicals, the calculated hazard indexes underestimate the actual
potential for adverse health effects. However, for the general public, these values are all less
than 0.001, which is considerably below EPA'’s level of concern for noncarcinogenic effects (ie.,
a hazard index of greater than 1). Although the lack of reference doses for some contaminants -

- results in underestimating the potential for adverse health effects based on the overall hazard =

mdex, the estimated daily intakes of these contaminants would result in very low- doses and the
potential for adverse health effects from exposure to these contaminants is expected to be low.

The hazard index for the on-site office worker for either Alternative 6a or Alternative 7a
is 0.001, which is well below the level of concemn. The hazard index for the remedial action
worker was 10 for the inhalation pathway and 3 for the ingestion pathway. Segregating the -
hazard index by health end point and mechanism of action still results in hazard indexes.of
greater than 1 for both exposure routes, indicating some potential for adverse health effects to

this individual. (The method for segregating the hazard index is described in Section 5.1.22 of *

the BA [DOE 1992a].) The exposure assessment was based on the assumptions that this worker -
would be wearing protective clothing but, in general, no respiratory protective equipment and

would be exposed to contaminated material during the entire 7-year cleanup period. However, =

in practice, workers would be provided with respiratory protective equipment during many of
the remedial action activities (which would also prevent incidental ingestion of soil). Hence, a
more realistic risk estimate for a worker would be significantly lower than the levels estimated
for receptor K in this analysis.

F.6.3 Ocmpaﬁond Accidents

Occupational accidents could occur during the various. activities associated with
implementing any one of the final action alternatives. The estimated numbers of potential
occupational fatalities and - injuries are summarized in Table F.22; these impacts would be
expected to occur during any construction project of similar size and scope. The estimated total
number of occupational fatalities for the action alternatives ranges from 0.14 for Alternative 6a -
to 0.28 for Alternative 7b or 7c; the estimated total cases of occupational injuries range from
about 82 to 160. The fatality value is based on the construction industry incidence rate for
occupational fatalities; even if this assumption results in underestimating the rate for fatalities
occurring during the remedial action period by as much as a factor of 2, the estimated number
~ of occupational fatalities associated with implementing any one of these alternatives would still
be below 1. However, such an underestimate appears unlikely because occupational injury rates
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for heavy construction are about the same as the average for all construction (U.S. Department -
of Labor 1988, 1990); also, the average annual incidence rate for fatalities in mining — the
-industry sector with the highest rate — was 29.0 per 100,000 full-time workers for the period
between 1985 and 1988 (U.S. Department of Labor 1988, 1990), which is much less than twice the .
average rate for construction (namely, 25.2 per 100,000 full-time workers). The estimated number
of accidents and fatalities for Alternative 7b or 7c includes accidents associated with off-site
* transportation of material to the Envirocare or Hanford facility. Transportation-related accidents
' are considered in more detall in Sectlon F7.2

’“ Long-term monitoring and maintenance for the four fmal action altemahves were
“ assumed to require 2 workers. Over 30 years, 60 person-years of effort would be reqmred and
the estimated total number of occupational fatalities is 0.02. The estimated total cases- of
occupational i m;ury is 9, of which 4 cases would result in about 85 lost workdays.

F.7 TRANSPORTATION RISK ASSESSMENT

: All four action altematwes would require the movement of conmmnated and
. uncontaminated material to and from the Weldon Spring site. Potential impacts from transpor-
- tation activities are associated with both the nature of the material being transported (e.g.,
- radioactive waste versus treatment supplies) and the possibility of accidents involving injuries
»and fatalities. A transportation risk assessment was performed to estimate the impacts from
transportation of contaminated and uncontaminated material during implementation of any one
* of the final action alternatives. The assessment used state-of-the-art computahonal tools, with
conservative assumphons when warranted.

'I'he assessment of potential health nnpacts assocxated with exposure to contaminants . ‘
during transportation was limited to radioactive contaminants because the waste was assumed .
to be packaged in containers and, thus, the major exposure pathway would be external gamma .
irradiation. Radiological impacts were assessed for truck transportation of radioactive material
from Lakes 34, 35, and 36 and the vicinity properties to the site, truck transportation from the
site to the Wentzville rail siding, and rail transportation from Wentzville to the Envirocare and
~ Hanford facilities; radiological impacts of off-site transportation are discussed in Sections F.7.3.
“The transportation risk assessment also included nonexposure-related impacts that are
_ independent of the nature of the cargo, such as fatalities resulting from truck and rail accidents;
these impacts are discussed in Section F. 7 2 .

F.71 Summary of Transportaﬁon_‘ Requiremems

The transportation requirements for the final remedial action alternatives are
summarized in Table F23. All of these alternatives would require the movement of both
uncontaminated and contaminated material to the Weldon Spring site from off-site sources.
Some amount of clean (uncontaminated) soil would be moved in dump trucks to the site from’

- a local borrow source. A potential area for this borrow soil has been identified .near Francis
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~ Howell High School; if this area were used, clean soil would generally be transported over
distances of less than 2 km (1.2 mi). Contaminated material from Lakes 34, 35, and 36 and from
soil vicinity properties would be transported by truck approximately 4 km (2.5 mi) to the site..
In addition, under Alternative 6a, uncontaminated fly ash and cement would be trucked to the
site from local suppliers within 40 to 160 km (25 to 100 mi).

- Movement of material off.the Weldon Spring site . would be limited to shipment of
“process chemicals and contaminated material to off-site disposal facilities. For all of the final
action alternatives, process chemicals currently in temporary storage on-site would be shipped
by truck to a licensed incinerator. For assessment purposes, this incinerator was assumed to be
located in Oak Ridge, Tennessee. Under Alternative 7b or 7c, contaminated material would be
_shipped for final disposal to either the Envirocare facility near Clive, Utah, or the Hanford
facility near Richland, Washington. Three types of radioactive material would be transported
from the site to a rail siding in Wentzville, Missouri, before being shipped to either the
Envirocare or Hanford facility for final disposal: vitrified material (soil and sludge), loose soil/
sediment, and volume-reduced building debris. The approxxmate volumes and radxoactxvxty
concentrations of each waste type are given in Table F.24.

The vitrified material would be shipped in compliance with all appropriateradioactivé
control limits specified in Title 49, Code of Federal Regulations, Part 173 (49 CFR 173). The
remaining (nonvitrified) material would have radioactivity levels of less than 2,000 pCi/g and
could therefore be transported as material exempt from specific packaging. and labeling

. requirements for transportation of radioactive material. For this assessment, it was assumed that =~

the shipment containers would be similar to those used to haul waste from Grand Junction,
. Colorado, under the Uranium Mill Tailings Remedial Action Program, except they would be
sealed to prevent partmulate emissions during transportation. The containers measure
24m x24mx 30m(8ft>< 8 ft x 10 ft) and can contain about 18 m* (24yd3)ofmatenal

For the off-site disposal alternatives, the waste materials (i.e., vitrified product, soil/
sediment, and volume-reduced building debris) would be loaded into containers at on-site
transfer stations and transported by truck to a rail siding in Wentzville. At the rail siding, the
containers would be loaded onto 91-t (100-ton) flatcars, three containers per car, and trains of
25 cars would be hauled to either the Envirocare or Hanford disposal facility. Both sites are
accessible by a rail siding, at which the containers would be- transferred to trucks and
transported to the disposal cell. At the disposal cell, the waste materials would be removed
- from the containers and placed in the cell The containers would then be externally
decontaminated, placed on the rail flatcar, and transported back to the Wentzville siding for
unloading and placement on trucks for return to the Weldon Spring site for reuse.

, - The federal gross vehicle weight limit for truck transportation is 36,000 kg (80,000 1b)
(Public Law 97-424, Highway Improvement Act of 1982). A typical tractor-trailer combination
weighs approximately 10,900 kg (24,000 Ib), so the net freight allowance per truck is limited to
25,100 kg (56,000 Ib). The densities of vitrified material, soil/sediment, and volume—reduced
buﬂdmg debris would probably limit the volume loading of the containers to 12 m3 (17 yd3) for
vitrified material and bmldmg debris and 14 m (18 yd3) for soil/sediment.
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| * The total number of truck and railcar shipments required and the one-way haul
distancés are listed in Table F.23 for each of the final action alternatives. Rail routes from

Wentzville to the Envirocare and Hanford facilities were generated with the computer code

INTERLINE developed by Oak Ridge National Laboratory (Peterson 1984). The code is based
on a shortest path algorithm modified to reflect the nature of U.S. railread company operations
‘and routing practices and is updated periodically to reflect current track conditions and railroad

B ownership. The code can be used to calculate shipment routes, distances traveled in each state

:en route, and fractional dmstances in urban, suburban, and ruxal popu.lahon zones.

o’
-

f‘P 7.2 Nonexposure-Related Impacts of Transportatlon

‘I‘mnsportanon of any matenal involves a potentxal for transportatmn accidents,
“independent of the nature of the cargo. Such accidents can result in property damage and/or
injuries and fatalities that are not associated with exposure to contaminated material. - The
expected number of accidents, injuries, and fatalities can be predicted from incident rates based
“on historical records for the specific transport routes and vehicle types used. The predicted
" number of occurrences include a contnbuhon from the return of empty vehicles to their point
"of ongm -

estimated number of accidents ranges from about 2 for Alternative 7a to about 8 for
Alternative 7c, and the estxmated number of fatalities is much less than 1 for all of these
alternatives.

7

F.7.3 'Radiologicai Ixhpacts of Transportation

. Radiological impacts from transportation of radioactive material occur during routine
or "incident-free" transportation and when accidents occur. For incident-free transportation,
radiological impacts are associated with penetrating radiation escaping the transport containers,
resulting in direct exposure of crew members and persons living near or sharing the transport

‘route. For accident conditions, radiological impacts result from the release and dispersal of

~ radioactive material following an accident, exposing persons externally (to gamma radiation) as

“.well as internally through inhalation of airborne contamination and ingestion of potentially

.contaminated food grown in soil on which radioactive contaminants had deposited. The
radiological impacts from incident-free transportation and transportation accidents are discussed
“in Sections F.7.3.1 and F.7.3.2, respectively. For both conditions, potential impacts have been
- estimated collectively for the affected population and individually for the hypothetical maximally
+exposed individual.

; _All of the final action alternatives are hkely to involve some transportation accidents.
."I'he estimated transportation-related accidents and fatalities are given in Table F.25. The -

==
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F.7.3. 1 Risks from Incident-Free Transportation '

Radiological impacts during incident-free transportation result from exposure to the
external radiation field surrounding the shxpment containers. The dose is a function of the
number of people exposed, their proximity to the containers, the length of time of exposure,

.vehicle speed, and the radiation field strength surrounding the containers.

The magnitude of the nsk from external exposure to penetratmg radiation depends

primarily on the external dose rate of the shipping container. Package external radiation field
* strengths for various classifications of radioactive wastes, as defined in 49 CFR 173, are typically

expressed in terms of dose rate (mrem/h) at 1 m from the package surface, a value referred to
as the transport index (TT). For this analysxs, the external dose rate surroundmg a loaded
container was calculated from information in Chen et al. (1981), and it was based on the

. radioactive and physical characteristics of the waste material. The TI was calculated as

0.3 mrem/h for vitrified material. For soil/sediment and building debris, Wthh are exempt
from the packaging and labeling requirements of 49 CFR 173, an eqmvalent TI of 0 1 mrem/h
was calculated.

The RADTRAN 4 computer code (Neuhauser and Kanipe 1991) was used to calculate

the radiological risks from incident-free transportation. The RADTRAN risk assessment model’ -
‘was developed by Sandia National Laboratories to calculate radiological risks associated thh :
transportation of radioactive material by a variety of modes, including truck, rail, and barge.

Specific parameters used in this analysis of incident-free impacts are presented in Table F.26.
Parameter values are based on operational'expexience and scenario-speciﬁc assumptions.

Radiological 1mpacts were determined separately for truck and rail crews, handlers at .
the Wentzville transfer station, and members of the general public. For each of these categories,
doses and risks were estimated for both maximally exposed individuals and the affected
population. Members of the public include residents living adjacent to the transport routes,
persons sharing the transport routes, and persons at stops (e.g., refueling stops). The maximally
exposed member of the public was defined as a resident living 30 m (100 ft) from the transport

route who is present at the residence during every shipment pass; to be conservative, the

shielding afforded by vehicles or housing was not included in this calculation.

“The dose to maxnnally exposed md.w1duals is hxghly dependent upon the external dose
rate of the loaded containers. To conservatively estimate maximum annual doses, crew members
and waste handlers were assumed to be involved only with shipments of vitrified material. The
doses calculated for maximally exposed individuals therefore represent upper bounds for the
expected values. Furthermore, crewmen and handlers were assumed to work 8 hours per day,
250 days per year, for the duration of transportation activities. Each truck crew member was

“assumed to make five trips per day to the Wentzville siding, and each rail crew member was

assumed to make 32 shipinents per year, based on an 8-day train cycle. Each handler was
assumed to operate a translift and transfer 33 containers per day from trucks to waiting railcars
at a distance of 4 m (12 ft) from each container. The collectwe dose to workers was based on

the waste inventory given in Table F.24.
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The impacts from incident-free transportation of contaminated material are presented.

in Table F.27. All doses to maximally exposed crew members and members of the gener‘al'public
-are considerably below the limits specified in DOE Orders 5480.11 and 5400.5. For both off-site
disposal alternatives, the dose to the maximally exposed member of the public is estimated to
be 0.11 mrem, which is significantly less than the dose limit of 100 mrem/yr specified in DOE

* Order 5400.5. The dose to the maximally exposed crew member is estimated to be 0.013 rem/yr

- for Alternative 7b and 0.017 rem/yr for Alternative 7c, and the dose to the maximally exposed -
-handler is estimated to be approximately 0.1 rem/yr; these doses are all well below the -
“occupational dose limit of 5 rem/yr specified in DOE Order 5480.11. In addition, the doses

-“ljreceived by handlers would likely be less than this value because of the conservative

-assumptions incorporated in this assessment. Moreover, these doses could be reduced further
by implementing procedures such as limiting the number of hours worked and mstallmg area
shielding, as indicated by momtonng results during 1mplementahon

Transportation of the entire volume of contaminated material from the site to Wentzville

would result in a population dose of about 0.12 person-rem. The population doses do not differ

significantly for rail transportation to the Envirocare or Hanford facility.. The estimated
+population .doses are 4.4 and 5.8 person-rem for transportation to Envirocare and Hanford,
srespectively. The collective worker dose is estimated to be 1.5person-rem for either
Alternative 7b or Alternative 7c. In all cases, the collective risk to the impacted population of
_about 600,000 from mcxdent-free transportahon is much less than 1 for the entire shipment

‘campaign.

- F.7.3.2 Risks from Transportahon Accidents

an

The radxologxcal doses and subsequent health risks associated with transportatxon
‘accidents were estimated by multiplying the radiation doses associated with an accident by the
probability of occurrence of that accident. In this analysis, the radiological risk from all potential
accidents involving off-site transportation of radioactive material was assessed for the general

population and for a maximally exposed individual. It was assumed that the maximally-exposed .
_individual would reside 100 m (330 ft) from the accident site and consume only locally grown .

food for 1 year. The RADTRAN 4 computer code (Neuhauser and Kanipe 1991) was used for
~the population assessment and the GENII computer code (Napier et al. 1988) for the maximally
- exposed individual. Radiological doses were calculated for the followmg pathways:

¢ Inhalation of airborne contaxmnants

External exposure from contaminants on the ground,

External exposure from a passing radioactive cloud, and

¢ Ingestion of garden produce grown in soil in ,which radioactive
contaminants had deposited.
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To analyze the maximum possible consequences of an accident, it was assumed that all
of the material in a given shipment would be spilled during an accident. Thus, a truck accident
would involve the dumping of one container, and a rail accident would involve the dumping
of 75 containers. The fraction of material released following an accident that would become
airborne and would be respirable was estimated from the emission factor equations given in EPA
(1988a). It was assumed that the spilled material was relatively dry soil and sediment (10%
moisture by weight) and was spilled from a height of 3 m (10 ft). The fraction of spilled material
that would become respu’able was calculated to be 5 x 10%. It was determined that accidents
involving vitrified material and building debris and rubble would not contribute significantly
to the radiological risks associated with accidents because the estimated release fractions for
these materials are several orders of magnitude less than the values for soil and sediment.

Potenhal impacts from truck transport of material to the Wentzville rail siding were
based on an accident rate of 1.36 x 10 per vehicle-km for U.S.-numbered routes in Missouri
(Brocksmith 1991). Potential impacts from rail transport from the Wentzville siding to the off-
site disposal facility (either Envirocare or Hanford) were based on a rail accident rate of
5.57 x 10"® per railcar-km.. This rail accident rate is the national average mainline accident rate
for the years 1986 through 1988 and is based on the most recent information available from the
Federal Railroad Administration Office of Safety (Saricks 1991b). o

The dispersion of contaminants through the environment is dependent upon the
meteorological conditions at the time of release. For this analysis, average annual meteorological

data for each state traversed dunng transport were taken from stability array (STAR) data -

available from the National Climatic Data Center. Each stability array contains frequencies of
the wind blowing from a partxcular direction at a particular stability and particular speed. For
each route, the STAR data for each state traversed were weighted by the dastance traveled in that

_state, and a composite “route average' meteorologxcal file was created

The assessment of risks for the affected population and for the maximally exposed
individual differed with regard to the radionuclide content of shipment containers. To assess -
the population risk, an average rad.loactxvxty concentration was calculated for each radionuclide,
assuming that the soil/sediment from all' sources was homogenized; thus, the population
analysis represents a risk averaged over all shipments.: To assess the maximally exposed

_individual risk, it was conservatively assumed that an accident would involve the release of

material containing the maximum concentration of each contaminant, even though the maximum -
contaminant concentrations for the radionuclides of interest are not present together in any one
material. This assumption is expected to bound potential impacts to the maximally exposed
individual. The inventory of radionuclides used for the accident risk assessment are given Table
F.28. The resulting radiological impacts from accidents involving transportation of radioactive
material to the Wentzville siding by truck and to the Envirocare and Hanford facilities by rail

-are presented in Table F. 29

. The dose to the maximally exposed individual following an accident is estimated to be
0.64 mrem for shipment to Wentzville and 48 mrem for shipment to either Clive or Hanford
(Table F.29). About 60% of the dose would result from inhalation of airborne contaminants
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~ during passage of the plume'followmg an 'éccident | Ingestion of contaminated food would . '
contribute most of the remainder. The risk of cancer mduchon from these exposures is - '
approximately 4 x 107 for shxpment to Wentzville and 3 x 10°S for shipment to either Chve or :
“Hanford. S , - %

The population risk estimated from average mebeorologlcal and accident data ranges
from 0.0030 to 0.41 person-rem, and the associated risk ranges from 2 x 10% to 2 x 10
('1' able F.29). The radiological risks from transportation accidents are small compared with those
#from incident-free operations (due to the low probability of an accident occurring) and the
5 nonexposure-related consequences of accidents (i.e., fatalities). These accident risk calculations
are conservative because (1) shielding and air filtration afforded by housing were not included,
(2) post-accident remedial activities that would reduce the consequences of an accident, such as
- ground cleanup, were not considered, and (3) the maximally exposed individual was assumed -
to remain unprotected 100 m (330 ft) from the accident sxte for an entire year and consume only - )
locally grown food. . : , :

ES. COMPARISON OF POTENT][AL HEALTH IMPACTS FOR THE l-'INAI.
REMEDIAL ACTION ALTBRNATIVES

The potentxal health impacts for the four final action alternatives are summarized in -
Table F.30; impacts associated with the no-action alternative are discussed in detail in the BA .
(DOE 1992a) and in the rebaseline assessment presented in Appendix E. The results indicate that . :
all exposures to remedial action workers and members of the general public would remain signi-
ficantly below pertinent regulatory limits for any one of these alternatives. These calculations
. were based on reasonable, but conservative, scenario definitions and assumptions; more realistic
" risk estimates for both workers and members of the public would probably be lower than those
presented here. - :

For all four final action altemahves, the general pubhc could be exposed to radioactive

. and chemical contaminants released from the site via airborne dust and gaseous emissions.

Routine cleanup activities that could result in the generation of fugitive dust and gases include

waste excavation, treatment, loading/unloading, and grading and compaction. Airborne releases

. of contaminated ‘material from accidents occurring on-site would be small compared with
. releases from routine activities and thus have not been explicitly quantlﬁed in this analysis.

" Inhalation of airborme contaminants is the most probable route of exposure’ to site
releases for the general public during the remedial action period. Although the major treatment
 facilities — ie., the chemical stabilization/solidification facility for Alternative 6a or the
 vitrification facility for Alternatives 7a, 7b, and 7c — differ fundamentally in design, atmospheric i
- particulate releases would not differ significantly for the four action alternatives. In general, the i
same waste would be treated under the respective treatment processes for each alternative, the
treatment facilities would be enclosed, and particulate releases would be controlled by collection . .:
systems such as air particulate filters. Radon gas emissions would be approximately 40% higher .
for the vitrification alternatives because more radon would be released during the vitrification |
process. However, the risk assessment results indicate that potential health impacts to the - ]
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general pubhc for the four action alternatives would be-comparable; no incremental impacts are
predicted at the nearby off-site receptor locations for the general public. The health risks to the
maximally exposed member of the public are estimated to be approximately 7 x 107 and 9 x 10°®
for radioactive and chemical contaminants, respectively. These estimates are below EPA's target
range of 1 x 10% to 1 x 10*. For comparison, the risk of developing cancer from exposure to
naturally occurring background radiation is about 2 x 10 annuaily, or about 1x10 over the
. same 7-year period.

~ The estimated work force requirements for the four final action alternatives range from
560 person-years for Alternative 6a to 1,100 person-years for Alternatives 7b and 7c. The
potential occupational impacts associated with the. specific handling and treatment processes
“would be similar for the four alternatives. The collective health risks to the maximally exposed
remedial action worker are estimated to be approximately 1 x 102 and 8 x 10" for radioactive
and chemical contaminants, respectively. All exposures to contaminants would be well below
applicable regulatory limits. On the basis of statistics for construction activities of comparable
size and scope, no occupational fatalities are projected to occur for any one of the final action
alternatives. The number of occupational injuries-is estimated to range from 82 to 160.

In addition to impacts associated with site releases during cleanup activities,
Alternatives 7b and 7c would require the transportation of contaminated material off-site for.
disposal, which would result in an incremental risk to transportation workers and to the general
public along the route. "The radiological impacts to the general public associated with
transportation activities would be similar for Alternative 7b or 7c and would be significantly less
‘than those estimated for the vicinity of the Weldon Spring site from releases generated during
on-site treatment and handling activities. The risk to the maximally exposed member of the
pubhc from transportation activities is estimated to be 7 x 108, The radiological risks to
- transportation workers would also be similar for Alternative 7b or 7c and would be significantly
less than those projected for on-site remedial action workers. The risk to the maximally exposed.
transportatxon worker is estimated to be 2 x 107,

- Potential occupational exposures to contaminants would be minimized by conducting
remedial action activities in accordance with all applicable requirements and health and safety
plans developed for the Weldon Spring site. Moreover, DOE is comumitted to controlling all
radiation exposures and releases of radioactive material to the environment to levels as low as
reasonably achievable, as specified in DOE Orders 5480.11 and 5400.5. Transportation activities
would be conducted in compliance with all appropriate shipping, packaging, and labeling

requirements, including those specified for radioactive material in 49 CFR 173. In summary, any

one of these four alternatives could be implemented in a manner that would ensure that both
‘occupational and general public exposures during the remedial action period ‘would be
significantly below applicable regulatory limits established to ensure health and safety.




- TABLE F.1 Po:enti_al Receptors near the Weldon Spring S.ite'

Location ‘
: Relative to the S o
‘Receptor . , _ Site Center - Scenario Description®
A Nearby resident (janitor at Francis Howell High School) 1.4 km ENE An individual is present at the residence 100% of the time dunng
- : the 7-year cleanup period.
B Nearby resident (Department of Conservation err\ployee) ~ 15kmWNW  Same as receptor A, )
C  Nearby resident (adjacent to US. Route 40/61) ' 27kmNE  Same as receptor A.
D Nearby resident (Weldon Spring Heights) _ 3.7 km ENE Same as receptor A, §
E  Student (Francie Howell High School) ' ‘ ‘ 1.2.km ENE A student is present at Francis Howell High School 8 hours per day,
I : SR 180 days per year, during 4 years of the cleanup penod '
F Child (daycare facrhty at the former Weldon Spnng 32kmNE A childis present at the daycare facility 8 hours per day, 60 days
. Elementary School)® ' :  per year, during the 7-year cleanup period.
G Worker (highway maintenance facility) ' ~ 06kmE A worker is present at the highway maintenance facility 8 hours per
. day, 250 days per year, during the 7-year cleanup: penod
H Worker (Armylkeserve Training. Area) . 1.0 km SSW Same as receptor G.
1 Worker (employee at Busch Wildlife Area headquarters) 7 12km NW Same as recel:ator G
]  Worker (on-site office buildir\g) : 0.4 km SE A worker is present at the Weldon Spring site 8 hours per day,
‘ ‘ ' - 250 days per year, during the 7-year- cleanup period.
K Remedial action worker o E Variabled Same as receptor J.

start-up).
that the exposure time would probably be less than 250 days per year.

facility might be rebuilt for a srmllar use.

The cleanup penod is pro;ected to comprise 7 years of the 10-year remedral action period (which includes remedial action planning, desngn, and
A teacher at Francis Howell High School would have an exposure scenario similar to other nearby workers — e.g,, receptors G, H, |, and ] — except :
Although the daycare facrlrty was recently destroyed by fire, this receptor location was retained for this assessment to address the possrbrhty that the

The worker would be present at various on-site locations during the remedial action period.

0e-4
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TABLE F.2 Exposure Scenario Assumptions and Intake Parameters®

(g/d)

) : OftSite ' Remedial
* Residents High School ‘Workers On-Site Action
(Receptors A Student Child (Receptors G, Worker . Worker
Parameter . ,BCD) (Receptor E)  (Receptor F) HD) - (Receptor]) (Receptor K)
. Average body weight” 70 60 © 30 . .i 70 70 S
(kg) : : ’
" Exposure time® (h/d) ‘
Indoor 2 7 6 4 8 (i}
Outdoor S 1 2 4 : 0 8
Exposure frequency® . 350 180 I 250 250 250
(d/yr) : ’ : . ’
Exposure duration® 7 4 7 7 7 7
) :
Inhalation rate?
(m*/h) L
Indoor 08 11 14 10 10 NA
Outdoor 16 25 19 25 NA 25
Indoor air filtration 038 08 08 08 08 NA
Soil ingestion rate® 100 50 . 100 120 50 300
(mg/d) :
‘Food ingestion rate! 122 NA NA NA NA NA'

b

NA means that the entry is not-applicable.

The average body weights for the residents and workers are the standard values given in' EPA (1991a); for the other
receptors, the body weights were estimated on the basis of the age of the receptor and information provided in EPA
(1989d)

Estimates of exposure time,. exposwe frequency, and exposure duration are based on the assumed activity patterns of
the receptors. Where appropriate, these values are consistent with those given in EPA (1991a). The cleanup period is
projected to comprise 7 years of the 10-year remedial action period.

The inhalation rates for the residents and remedial action worker are the standard values given in EPA (1991a); for the
other receptors, the inhalation rates were derived from assumed activity levels and information provided in EPA
(1989d). .

The soil ingestion rates for the residents and on-site office worker are the standard values given in EPA (1991a), the
ingestion rate for the high school student was assumed to be the same as that of the office worker, and both are based
on the relative proportion of time spent on or near the site. For a child aged 6 through 12, the total daily intake of
100 mg/d (EPA 1991a) was assumed to occur while at the daycare center. Ingestion rates for the off-site workers
(receptors G, H, andl)andremednlxamworka(meper)mbasedon&emassumpuonsasnmepusemed
for the ranger in Appendix E (Section E.3.12); a higher rate was derived for the remedial action worker because of
longer exposure to contaminated material (8 hours per day compared with 4 hours per day) and ingestion of inhaled
material that is not retained in the lungs.

Thefoodmgstmn rate represents ingestion of 42 3/doffmmand SOg/dofvegehbles whxchmthes!andald values
given in EPA (1991a).



F32

'TABLE F.3 Estimated Concentrauons of Radionuclides in Material
Targe ted for Tmatmenr‘

Concentration® (pCi‘/ g .

- " RaffinatePit- - Soil under Quarry Soil

Contaminant ' Sludge* Raffinate Pits® in TSA4
Actinium-227 g 1,300 10 058
| Lead-210 1400 140 340
Protactinium231 o 1700 - 170 12
Radium-226 a0 140 110
‘Radium-228 L 560 - 9%
Thorium-230 - 58000 - 5,300 330
Thorium-232 - 60 26
Uranium-235 ' w 0 on 92
Uranium238 - 2,300 230 . 200
Estimated volume (yd) - 220000 50,000 50,000

* The contaminated areas were divided into two categories: those for which
chemical treatment or vitrification is expected (i.e., the more highly contami-
nated material) and those for which treatment is not expected; the estimated
concentrations for the latter are presented in Table F.4. .

All values were calculated on a dry weight basis and are given to two signi-
ficant figures. Because not all radionuclides were measured for the various
source areas, the activity concentration ratios given in Table 2.3 of the BA
were used to estimate the concentrations of those radionuclides.

¢ The ULys concentrations (i.e., the 95% upper confidence -limi's of the arith-
metic averages) were used for measured radionuclides; the source term
analysis for the raffinate pit sludge was used to estimate the concentrations of
radionuclides not measured. The radionuclide concentrations in soil under
the raffinate pits were assumed to be 10% of those in the raffinate pit sludge.

The average concentrations were used for measured-radionuclides (DOE
1989); the radiological source term analysis for the quarry soil (Table 2.3 of the
BA) was used to estimate the concentrations of radionuclides not measured.




" TABLE F4 Estimated Concentrations of Radionuclides in Areas Targetgd for Excavation®

Concentration® (pCi/g)
Sediment/ . Sediment/  Soil around Soil around - Sediment/ Soil at
Sail at - Soil at Soil at Raffinate Chemical Plant Shoreline Soil . . Vicinity
Contaminant  Ash Pond*d  North Dump®  Frog Pond® Pits! - Buildings® at Busch Lakes"  Properties’
Acﬁn’mm-izr -3 25 12 063 Y I 057 20
Lead-210 2% 18 1 46 | 31 ' 42 -

' Protactinium-231 72 50 25 .1.3 S 083 | o 41
Radium-226 % 18 n 46 S 42 3
Radium-228 o 99 . 59 25 17 23 79
Thorium-230 29 0 - 82 © 50 33 T 24
Thorium-232 14 99 59 25 . 17, 23 79 &
Uranium-235 86 6.0 30 15 10 T4 48
Uranium-238 190 1% 65 3 o2 3 110
-Estimated | . ‘
volume (yd®) 25,100 7,600 7,000 103,500 87,1000 . 20,000 3,600

See next page for footnotes.
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3 The contaminated areas were divided into two categories: those for which chemical treatment or vitrification is expected (i.e., the
more highly contaminated material) and those for which treatment is not expected; the estimated concentrations for the fom\er are

presented in Table F.3. This table does not include material assumed to be in temporary storage (e.g., at the TSA and MSA) nor areas

that might become contaminated as a result of implementing one of the action altematives.

_ All values were calculated on a dry weight basis and are given to two sngmflcant ﬁgures Because not all radionuclides were
measured for the various source areas, the activity concentration ratios gwen in Table 2.3 of the BA were used to estimate the
concentrahons of those radlonuclndes :

¢ The kngmg method was used to estimate the area-welghted average concentration of uramum-238 the radiological source term -
analysis for soil at the chemical plant area was used to estimate the concentrations of other radionuclides. ’

The Ash Pond concentrations and volume include the contribution from the South Dump; these areas were treated as a single source
area because they are located in proximity and are part of the same drainage system.

Only the drainage from Frog Pond has been sampled to date; the average concentration of uranium-238 in this drainage is about
30 pCi/ 8- - For this reason, the sitewide soil ULy radionuclide concentrations were used for thls area,

The kriging results indicate that only thorium-230 concentrations are above the preliminary cleanup criterion (i.e,, 2,400 m? [3, 100 yd?)
of soil at a concentration of 5 pCi/g). For conservatism, it was assumed that the entire volume has a thorium-230 concentration of
5 pCi/g; the radiological source term analysis for soil at the chemical plant area was used to estimate the concentrations of other

' radlonuchdes

3 The kriging results indicate that 6,200 m3 (8,100 yda) of soil is contaminated with uranium-238 at an average concentration of
220 pCi/g. This concentration was adjusted to reflect the volume estimate for actual field excavation provided in MK-Ferguson
Company and Jacobs Engineering Group (1992). The radiological source term analysis for soil at the chemical plant area was used to
estimate the concentrations of other radionuclides. :

Determined from the estimated concentration of uranium-238 in the lake sedlment the radiological source term analysus for soil at the
chemical plant area was used to estimate the concentrations of other radionuclides.

Determmed from the concentrations for the vicinity propertla given in Table F.24.

I Includes soil around the chemical plant buildings, soil beneath the buildings, soul around p:pes and sewers, and soil in the site water
treatment plant area. .

pe-d
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TABLE F.5 Estimated Concentrations of Chemicals in Matenal
Targeted for Treatment®

Concentration® (mg/kg)

-Raffinate Pit Soil under Quarry Soil

‘Contaminant Sludge* Raffinate Pis®-  in TSA"
Metals A ) » .
Antimony - 10 1 Lo
Arsenic’ © 1,600 160 100 -
Barium 1,400 140 :
_Beryllium - 3 33 osz
" Cadmium : 54 . 54 19
Chromium 87 87 30
Cobalt 34 34 : -
Copper - 740 74 ' 100
Lead 530 53 . 280
Lithium . _ 65 65 -
Manganese ° 3600 360 -
Mercury 66 0.66 20
Molybdenum _ 2800 280 -
Nickel . 1,100 110 43
Selenium : 7 77 23
Silver 35 0.35 -7.0
Thallium ' 26 ' 26 4.7
Uranium! 6,900 690 600
Vanadium 12,000 . 1,200 . -
Zinc ' 700 70 340
Inorganic anions : ) o
Fluoride - 73 73 . -
- Nitrate - 120,000 12,000 -
Nitrite 1200 120 -
PAHsE - - - - 180
PCBs" 2,700 270 32
Nntmaromauc
compounds' : . )
DNB : - - ' -
2,4-DNT - ' - 81 -
2,6-DNT - - 95
NB - - 78
TNB . - - - 140
TNT - - - 260
Estimated volume (yd®). 220,000 50,000 50,000

See next page for footnotes.
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'TABLEF.5 (Cont)

‘The contaminated areas were divided into two categories: those for
which chemical treatment or vitrification is expected (i.e., the more
highly contaminated material) and those for which treatment is not

; the estimated oonwntrahons for the latter are presented in

Table F. 6

All values were calculated on a dxy weight basis and are gwen to two
significant figures. .

¢ The ULy concentrations were used for chemicals in the raffinate pit

sludge. The contaminant concentrations in soil under the raffinate pits

were assumed to be 10% of those in the rafﬁnate pit sludge.

The average concentrations from available data were used for the
- chemical contaminants in the quarry soil (DOE 1989). .

¢ A hyphen indicates that the contaminant was not detected above the
detection limit.

The concentrations of uranium are based on the uranium-238
concentrations presented in Table F3.

8 Includes acenaphthene, anthracene, benz(a)anthracene, benzo(b)fluo-
' ranthene, benzo(k)fluoranthene, benzo(gh,i)perylene, benzo(a)pyrene,
chrysene, fluoranthene, fluorene, indeno(1,2,3<d)pyrene, naphthalene
phienanthrene, and pyrene. .

P Includes Aroclor 1248, 1254, and 1260.

! DNB = 1,3-dinitrobenzene; 2,4 DNT = 2,4-dinitrotoluene; 2,6-DNT =
2 6-dinitrotoluene; NB = nitrobenzene; TNB = 1,3 5-trinitrobenzene;
TNT = trinitmtoluene. .
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TABLE F6 Estimated Concentrations of Chemicals in Areas Targeted for Excavation?

Concentration® (mg/kg)

25,100

Sediment/ Sediment/ Soil around
: Soil at Soil at Soil at Soil around ~ Chemical Plant
Contaminant Ash Pond® . North Dump  Frog Pond = Raffinate Pits Buildings: -
Metals .
Antimony" 82 27 - 32 9.0 53
Arsenic 28 19 20 69 17
Barium 230 280 220 330 280
Beryllium 13 0.18 13 13 13
Cadmium ‘1.8 0.18 - 62 0.79 074
Chromium 46 10 31 39 32 »
Cobalt 12 71 15 17 13
Copper 39 6.8 18 15 34
Lead’ 100 190 88 21 27
Lithium 10 18 47 -1 12
Manganese 880 1,500 940 1,700 ~ 810 .
Mercury . 0.73 0.035 0.050 0.16 0.069
Molybdenum 26 92 . 30 - 23 27
" Nickel 60 12 42 26 42
« Selenium 15 0.18 025 0.25 18
Silver 24 035 71 050 11
Thallium 39 16 050 14 0.50
Uranjumd 570 3% 200 99 66
Vanadium 44 19 4 48 53
Zinc 160" 19 ] 830 55 120
Inorganic anions ) o
Fluoride 84 78 6.1 94 84
Nitrate 55 6.0 26 570 33
Nitrite 025 037 025 - 025 029
- PAHs® - - - - 40
PCBsB 0.037 - - - .0.002
Nitroaromatic
compounds - .
‘DNB - - - 067 30
2,4-DNT - - - - -
2,6-DNT - - - - -
NB - I - - -
TNB - - - - -
TNT 0.96 - - - -
Estimated .
volume (yd?) 7,600 7,000 103,500 87,100

See next page for footmotes.
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TABLE .6 (Cont)

The contaminated areas were divided into two categories: those for which chemical treatment or
_ Avntnﬁcauon is expected (i.e.,, the more highly contaminated matenial) and those for which .
treatment is not expecled the estimated concentrations for the former are presented in Table F.5.

All values were calculated on a dry weight basis and are given to two sngmﬁcant figures.

¢ The Ash Pond concentrations and volume include the contribution from the South Dump; these
" areas were treated as a single source area because they are located in proximity and are part of
the same drainage system.

The concentrations of uranium are based on the uramum-238 concentranons pmemed in
Table F.4.

Indludes acenaphtha\e, anthracene, benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluo- . '
ranthene, benzo(g h.i)perylene, benzo(a)pyrene, chrysene, fluoranthene, ﬂuorene, ’
indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene. -

A hyphen indicates that the contaminant was not detected above the detection limit.
€ Includes Aroclor 1248, 1254, and 1260. '
The kriging method was used to estimate the area-weighted average concentration of

uranium-238; the radiological source term analysis for soil at the chemical plant area was used to

snmatz the concemranons of other radionuclides.




TABLE F.7 Estimated Average Airborne Concentrations of Radionuclides at Receptor Locations during the 7-Year Cleanup Perlod
for Alternative 6a, Chemical Shbillzation/Solidiﬁcaﬁon, and Alternative 7a, Vitnﬂcation

: . ) Concentration
Estimated Concentration of Respitable Particulates In Air at Receptor Locations® (pCi/m?, except as noted) ) " Limits® (pCi/m?)
Alternative/ : : . ) - j -
Cortaminant A B c D’ ‘E F G H ] K - DCG~  DAC
. Chemical Stabilization/Solidification
Actinium-227 © Lxt0? 1.3x107 45x10%  18x10%  13x107  43x10® 36x107  54x107  34x107 - 96x107  1.2x107 7103 7x107
Lead-210 47x107 59x107 . 15x107  76x10%  54x107  15x107  15x10% 104 LIx106 39x10¢ 1Ix10?2 9x107 | 1x102
Protactinium-231 15107 1.8x107 63x10%  25x10%  18x107 . 59x10® 5.2x107 7.3x107 45x107 14x10% . 25x107? 16  7xi0?
Radium-226 dox107  35x107 11107 49x10®  35x107  1.0x107 1.1x104 15x10%  67x107  3.1x10¢  1ix10? 3 5x102
Radium-228 ©o18x107  21x107 S9x10® 29x10% 20x107  S7x10°  62x107  1ox10® 37107 17x10¢  59x107 1 3xie?
Thorium-230 45x10°¢ 57x10¢ 1.9x10¢ 7.2x107 ~ 5ax10% 1.8x10¢ 14x10°% 25x10°5 152105 3.4x10% S.2x103. 7x103 5x10t
Thotium-232 8.9x10® 87x10% 3.0x10°° 1.5x10°° 1Lix107  26x10? 3.9x107 3.3x107 1.3x107 1.2x10% . 59x10° a0t 3
Uranium-235 5.4x10® 5.3x10% 1.9x10°% 89x10° 6.4x10% 1.6x10® 23107 19x107 8.6x10°% 7.2x107 3.0x10? =10 2xio!
Uranium-238 1.2x10°¢ Lix10¢ 41x107 19107 14x10% | 3607, 5.1x10% 4.0x10°¢ 19x10%  16x10°  65x107 1x107 2«10
Radon-222¢ 8.4x104 2.0x10°3 35104 2.3x10¢ 9.1x10-4 27x10-4 2.1x103 3.1x1073 2.0x10°3 8.1x10? NA 3x10° In10¢
Radon-2229 2.8x10¢ 6.3x10¢ 14x10%  9.1x107  3.0x10% LIx10¢  67x10% 9.5x10°% 6.0x10% 23x105  10x107 NA ~ 03
Vitrification
Actinium-227 73108 16x107  30x10%  L1x10®  90x10° . 28x10%  24x107  Saw107  29x107  68x107  12x107 10 7ai0?
Lead-210 ~  B8.1x10% 9.3x10¢ 3.0x10°¢ 26x10¢  8.5x10¢ 3.0x10¢ 12105 " 1.3x10°8 1.0x10°5 224105 11x102 910! 1x10?
Protactinium-231  Lix107  22x107  43x10®  rex10®  13x107  39x10® - 36x107  69x107  doxi07 11x10% - 25x107 ox10?  7x10?
Radium-226 25x107  38x107  9.6x10%  46x10®  29x107 7710 9.3x107 16x10¢ 63107 32m10%  1iIxi0? 3 5107
Radium-228 1.5x107 22107 s7x10%  30x10?  17x107  45x10°% 5.4x107 11x10¢ 36x107 182106 S9w107 - 1 In10?
Thorium-230 2.8x10°¢ 6.9x10¢ 12¢10% . 46x107  35x106 1.1x106 8.2x10¢ 24x105 1.3x10°8 20x105  5.2x107 Com10? sk1g?
Thorium-232 85x10°  95x10°  2.0x10® 15210 99x10®  23x10®  36x107  38x107 14107 14x10¢  59x107 B 1 [
Uranium-235 50x10%  59x10? 18210 84x10?  59x10%  14x10® 22¢107  20x107 89x10® . 84x107  30x10? x0T 2x10?
Uranium-238 110 13x108 395107 1.8x107 1.3x10°6 3.1x107 4.8x10°¢ 44x10®%  19x10¢ 1.8x10°  65x102 100 20!
Radon-222¢ 1.2%103 2.8x10°3 5.0x104 3.3x10°¢ 1.3x1073 39x104 3.0x107 4.5x103 2.8x107 1.2x10 NA Ix10° Ix10!
Radon-2224 4.1x10¢ 9.0x10°¢ 2.0x10¢ 13106 43x10%  16x108 95x10%.  1.4x10° 8510 34x105  1.0x10? NA" 033

*  The potential receptors ate described in Table F.1, and their locations are shown in Figure P.1. Except for receptor K, the airborne concentrations of radionuclides were calculated from the
estimated annual average respirable particulate concentrations originating from contaminated sources and the contaminant concentrations in those sources. The concentrations of radon gas are
based on total esiimated releases of radon gas during remedial action activities (see text). For receptor K, the airborne concentrations of radionuclides are based on a respirable particulate
concentration of 1 mg/m? and the ULy radionuclide concentrations in sitewide soil.

b Limits for protection from airborne radioactive contaminants; DCG = derived concentration guide (for protection of che 3eneml public), DAC = derived air concentration {for protection of
workers). The DCGs and DACs given in this wble are for the most conservative lung clearance class of the specific eadionuclides (see Appendix G, Table G.2). Because the radiation dose indudes
the conmbuuom from various decay products of these ndionudides, comphance with dose standards cannot be determined on the basis of the data in this table.

¢ Reported in pCl/ L; NA for receptor K means not applicable because the radon concentration, in WL units, was sed for the exposure esﬂmate
4 Reported In WL; NA for DCG means not applicable because no DCG Is currently avallable in WL units.
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TABLE F8 Esﬁmated Average Airborne Concentraﬁons of Chemicals at Receptor Locaﬂons during the 7-Year Cleanup
Period for Alternative 6a, Chemical Stabilization/Solidification . ' _ o .

‘Estimated Concentration of Resplni:le Particulates in Air at Receptor Locations® (mg/m?)

Contaminant A B C D B 3 - G~ - H 1 } K
Metals C ) . ) )
Antimony 79x10°10  47x101°  23x10%°  11x10"0  97x1010  21x10°  £7x10° . 19x10°  68x10%0  1.7x10° 7.2x10°¢
Arsenic 55x1010  55x1010  20x1010  B6x101!  65x1070  18x1010 7 24x10°  24x10°  11x109  73x106°  1.9x10°
Barium 51x107  38x10°  1.7x10°  79x10"0  62x107 - 14x10°  28x10%  1.3x10%  59x10°  94x10®° 19x10°*
Béryllivim 24x10' 17100 7Sx1012 351072 29x10°M 69x10?  13x10°  Zix10M  31x107! 44x1010  1.0x10°¢
Cadmium 3.0x10"  34x101 9.6x107  47x1012  36x101Y  96x101  13x100 18100 5910 34x101®  12x10°

Chromium Il -~ 51x1010  -36x1010  16x101%  7.6x10°11  62x101°  1.4x1010 - 28x107 - 15x10°  59x10%0  9.7:10? 24x10°
Chromium VI®  S.6x10Y  40x101!  18x10""  83x1017  68x101"  16x10" © 31x1000 161010 66x101  11xi0? 27x10°¢

Cobalt 231010 16x101°  73x107! 34x10M 28x1010  6dx10M 13x10°  6.0x10%°  26x1070  43x10°  1.4x10°
Copper 66x101 - 511010 2.0x10'0  98x107"V T 79x10°0 C 19x101°  34x10°  23x10° 85«10 12x10°  “2.1x10°
Lead 1I1x10°  12x10° 411010 191010 13x107  31x1010  42x10°  3710°  1.7x10°  1.2x109 5.8x10°S
Lithium 20x101°  13x101°  62x101  29x101  24x101  55x10M  12x107  S.1x1010  21x101°  40x10° 1.0x10° -
Manganese  17x10%  14x10%  60x10°  27x10°  21x10°  49x10°  B86x10F  44x108  23x10%  29x107  66x10¢
Mercury 33x1012  39x107 1102 52:10P  39x107  L1x101? 13x10" 20x10™  7.0x101  35x10"  9.0x10°
Molybdenum 62x101 52101 231x10° 9310t 75x1010  19x1010  31x10° 21107 11x10°  1.0x10°  2.4x10°5
Nickel 0 79x107  59x107° 25x10°  12x107°  95x107  23x1010  42x107  24x10° . 1.0x10° - 14x10® - 29x10°
Selenium 52x10"  53x10'"  17x10""  8.0x102  62x10°1!  16x101!  23x1010  26x101°  89x101 72100  4.4x106
Silver 2310 20x10M  73x102 35x101  29x10M  67x101? T 13x101°  9.1x10M  3.0x10Y  39x10%  1.0x10°¢
Thallium 18x10°1 19x108 67x1072  30x102  21x10M  57x10°12. 7410V 73x10M  33x16Y 226107°  3.6x10°6
. Uranium 37x107  37x10°7  14x10°  61x101°  44x107  11x10°  16x10°  13x10%  6.1x10°  4.9x10° 1.2x10*
. Vanadium S17x10P 17x107 631010 27x10°10 21107 60x10°10  75x10%  69x10°7  39x10° - 2.4x10° 3.8x10°5
Zinc ©20x10% 133107 63x10'0 28x1010  25x107  55x1010  13x10%  49x10°  20x10° - 4.0x10°  9.9x10°
Inorganic anions N . . ’
Fluoride 16x1010  11x1010 S 110" 24x101  19x10°10  44x10" T 83x1010 401010 1.8x1010  28x10° . 67x10°
Nitrate 9.0x10°  12x10%  39x10°  15x10°  11x10°  38x10°  28x10%  50x10®  32x10° . 69x10° 1.2x10°4
Nitrite 9.1x10" 1101 38107 15x10M 13x101 37107 29x1010 48«10 301010 74x101°  67x107
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TABLE F.8 (Cont.)

Estimated Concentration of Respirable Particulates in Air at Receptor Locations® (mg/m’)

Contaminant A 8 -c D E P C H, I K
PAHs 69x10°%  44x10°  20x108  10x10°  84x10%  1.9x10%  37x107  1.8x107  7.0x10%  13x10%  1.3x10°¢
PCBs - 21107 281010 88x101  35x107!  25x1070  88x101 64x100  13x107  72x10%0  16x10° . 72x107
Nitroaromatic
compounds ) : . .

DNB 40001 26x101 13x107! | 64x1072 54x10" 12107 26x10°  11x10° 380" 95x1010  1.6x107

2,4-DNT ©58x1017 810 16x10M 95x101  65x107  1.9x107  15x10M S4x10M 14x10Mt 2.9x10M NAS

2,6DNT 6821012 10x107' 19x10"° 11x1072  77x102  22x101  18x10"  64x10M 16x10M! 34x10 NA

NB 56x101  84x10"  16x107!  92x107  £3x10!  18x10T'  15x101°  52x10%®  13x10'°  28x10°0 NA

TNB 1.0x101  15x10%  28x10M 16x107! Lix101?  3.2x10M 26x100  9.4x100  24x101°  50x10710 NA

TNT 19x1010  28x101°  53x10M 31x10M 21x107  60x10™ 49x10" - 17x10°  44x10"°  93x10"°  9.ax107

* The potential receptors are described in Table F.]; and their locations are shown in Pigure F.1. Except for receptor K, the airborne concentrations of

" chemicals were calculated froin the estimated annual average respirable particulate concentrations originating from contaminated sources and the contami-

nant concentraﬁons in those sources. For receptor K, the airbormie concentrations of chemicals are based on a respirable particulate concentration of
1 mg/m® and the ULy chemical concentrations in sitewide soil. :

> The concentrations of chromium lll and chromium VI were estimated assu.ming that these two contaminants represent $0% and 10%, respectively, of the
total chromjum concentration.

€ NA means the entry is not appllcable (The worker is assumed to be wear(ng mplntory protective equipment when handling material at the TSA; this
nitroaromatic compound has not beendetected in other, sitewide soil that would be handled.)
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TABLE F.9 Estimated Average Airborne Concentrations of Chemlcals at Receptor Locations during the 7-Year Cleanup Period
for Alternative 7a, Vitrlﬁcaﬁon

Estimated Concentration of Respirable Particulates in*Air at Receptor Locations® (mg/m?)

Contamirant =~ A B - c - D B F . G H o1 } K
Metals ’ . . o ! )

Antimony 78x10  53x101°  21x1010  1.0x107 941070 - 19x1070 ¢ 46x10°7  21x10° - 7.8%107°  21x10?  7.2x10°
Arsenic 53x10'"  75x10®  1.9x101°  88x10"  63x107  1.6x101°  22x10° 28«07 . 1.2x10°  86x10° - 1.9x10°
- Barium - 5.4x10°  47x10°  16x10° - 730 62107  1.4x10®°  27x10°  15x10%  7ax10°  1.2x207 1.9x10°

Beryllium 23x1010 22x101 69x1017 32x101 28x10" 62x1012 121010 79x10°!  34xioM 54101 1.0x10°¢
Cadmium 28x10'"  38x10M  1.0x107! . 55x107  33x10M - 8Ax102  1.2x10° 211070 62x10M 422010 1.2x10°%¢

Chromium II® . 50x10™  43x10  15x101 700" 60x10  13x1019  27x107 . 16x10°  67x1010  12x10°  24x10°
Chromium VI®  '55x10"  48x10" © 17x10" 271012 66x10M 15x10M 3061010 18x101 . 74x10M  13x107  27x10°%

Cobalt C 2310 20x10° - 69x10" 30N 27x1010 | 60x107 12x107 | 66x10°°  31x100  53x10°  1.4x10°
Copper - 64x100  60x1010  19x100  95x10"  76x1070  17x2010  33x10°  26x107  9.4x10°  1.4x10°  21x105°
Lead LIx10%  15x100  44x1010 - 21x1010  13x10?  32x1070  41x107  44x10?®  22x10°  14x10%  5.8x105
Lithlum 1.9x10°  1.5x1010 - 58x10" 26x10M | 24610 S1x101 12x10°  56x101° T 24x1010  49x10° . 1.0x10°
Manganese 1.7%108 1.8x10°¢ 5.8x10°7 2.6x10"? 2.1x10° 48x10°  83x10%  50x10%  28x10%  35x107  6.6x10°*

- Mercury - 3ax107 45x102 T 11x102? 61x10P 36x10 9407 120" 23x10"! 74x10?7 42«10 9.0x10°
Molybdenum 61x107%0 - 72x1010  1.9x10%° 9010 T 73x1010  17x1010 29x107  24x10° 12x107  12x10°  2.4x10°
Nickel 77000 72x10M  23x00 1110 926101 21x1070  41x10°  27x10°  L1x107  18x10%  29x10°
*Selenium 5.0x10M 59101 17x10M B8x1012 5810 1.4x107 2261010 30x101°  9.4x101  88x1010  4.4x106
Silver 2310 21x10" 746007 - 3ex10? 276101 . 61x10? 13x1010  1.0x1070  33x107" 48x107°  1.0x10°¢
Thallium S 1Bx10 24x10M 62017 32x10127 2110 54017 70x101 86x10°M 38x10M  26x10"  3.6x10°8
Uranium 38x10°  4.7x107 14x10% © 64x107"  44x10” Lix16®  15x10%  15x10°  73x10°  59x10%  1.2x10°
Vanadium 1.7x10° 2.5x10° 56x101  26x101°  20x107 51100 71x10° © 81x10°  42x107  2.8x10® - 38x10°
Zine 19x10°  15x10°  Sex1010  25x10™  24x10° 50x107°  12x10%  S3x10°  22x10°  49x10®  9.9x10°

Ihorganic anions ) . o '

Fluoride - . 1.5x107  1.4x0010  48x10"  22x10"  19x10"0 40T 80x1010  44x10°10 221010 35x10°  6.7x10°
Nitrate 87x10°  20xi10? - 3.3x10° 1.6x10°? 1.0x10°® 31x10?  25x10%  60x10°  34x10%  72x10%  12x10°

Nitrite 88x101  19x1010 32101 16x107 1.0x107°  3Ax107  26x1070. 58x10°  33x10M0  80x101  67x107

== =TS —w————
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TABLE F9 (Cont.)

Estimated Concentration of Rspfr"able Particulates in Alr at Réceptor Locations® (mg/m?®)

Contaminant A B - C D B P G H 1. ) K

PAHs 6.9x10°® 5.6x10°8 1.8x10%  1.0x10% 81x10% - 17x10% - 36x107  20x107  8.0x10%  17x10¢  13x10°¢
PCBs - 20x1010  45x1010  7.7x10M 39x101!  24x1010  71x1010 o57x1010  15x107  77x10°° © 1.7x10°  7.2x107
Nitroaromatic !
compounds . ) ) : - - )
DNB L 4310 - 29x10 1201 S6x102 52x1011 T 1o 25x1010 12x10710 44x10M 12x10°  1.6x107
2,4DNT 51x102  85x10? . 21x102  14x1017 55x1012  15x107 13x101Y 65x1001  14x10" 36x10!! . NAS
2,6 DNT 6.0x1012  10x10"  24x1017  16x100  64x1012 18x102  16x10"!  76x10'  16x10710  42x10M NA
NB , 49x107  B2x10M  20x10". 13x10%1 53x101' 14xi0M 13x107° 62x107°  13x107°  3.5x10°1° NA
TNB 8.8x10M  15x1010  36x10" 23x10M 95x10M 26x10" 23x101°  11x100  24x10  62x10°10 NA
CTNT 1.6x1010  27x101%  67x10"  44x101' 1Bx10710  48x10M 43x1070  21x107  44x107"  12x107  9.1x107

" The potential receptors are desaribed in Table F.1, and their locations are shown in Figure F.1. Except for receptor K, the airbomne concentrations of chemicals
were calculated from the estimated annual average respirable particulate concentrations originating from contaminated sources and the contaminant
concentrations in those sources. For receptor K, the airborne concentrations of chemicals are based on a respirable parﬁculate concentration of 1 mg/m? and the
ULys chemical concentrations in sitewide soil.

‘The concentrations of chromium Il and chromium Vl were estimated assuming that these two contamlnants reptesen! 90% and 10%, respecdvely, of the total
chromium concentration.

NA means the entry is not applicable. (The worker is assumed to be wearing respiratory protecdve equ]pment when handling material at the TSA this
nitroaromatic compound has not been detected in other, sitewide soil d\at wauld be handled)
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TABLE F 10 Esﬁmated Concentrations of Radionuclides in Soil at Receptor Locations for Alternative 6a; Chemiical
SlabillzationlSolidlﬂcaﬁon, and Alternative 7a, Vitrification

Estimated Concentration in Soil at Receptor ALocatibns‘ﬂ(pCi/g)

Altemhtive/

Contaminant A B . ¢ . D E - F . G H 1 J K
Chemlcal Stubillzaﬁon/Solldlﬂcaﬂon

Actinjum- 27 1.4x10°  1.4x10°° 1Ix10 © 47x10%  16x105 - 95x10%  32x10°  59x10°  33x10°  10x10% 12

Lead-210 C o 44x10°  47x10°  29x10°  1.3x105  50x10°  25x10°  1.2x10%  19x10% . 8.4x10°  31x10% 11
Protactinium-231  2.0x10°  1.9x10° 15x10° - 6.4x10° 22x10°  13x10°  46x105 . 80x10° 44x10° 15x10% 25
Radium-226 3.2x10° - 3.4x10°5  22x10°  98x10°  3.6x10°  19x10°  9.1x10°  13x10% 58x10° 27x10* 1
Radium-228  17x10% . 19x10° 11x10° S1x10% 20x10°  9.8x10%  49x10° ° 7.0x10° 3.1x10° . 14x10¢ 59
" Thorium-230 . 58x10% 55x10¢ | 47x10%  19x10%¢  6.4x10%  40x10¢  1.2x10°  25x107  14x103 . 37x103 | 52
Thorium-232 9.1x10%  1.I1x10° 52x10%  27x10%  10x10°  45x10%  32x105  30x10°  1.1x10° 10x10% 59
Uranium-235 59x10%  66x10%  35x10®  18x10° 67x10° * 30x10%  20x10°  20x10° 74x10® 63x10° 30
Uranium-238 1.3x10¢ 14x104 76x10%  -39x10°  15x10%  65x10°  43x10¢  43x10¢  16x10%  14x10% 65.
Vitrification .

Actinium-227 1.0x10°  19x105  8.1x10¢ . 41x10%  11x105 740  21x10°  7710° 33x10° 58x10° 12
Lead-210 46x10°  63x10°  27x10°  17x10°  49x10°  24x10°  11x10¢ 32100 1.0x10¢  33x10¢ 11
Protactinium-231  1.4x10°5  26x10° 1.1x10° 57x10®  16x10° 1.0x10°  32x10° - 1.1x10% 44x10° 95x10° 25
" Radium-226 29x10°  45x10°  18x10°  11x10° - 33x10°  1.7x10°  79x10°  19x10% 65x10°  27x10* 11
Radium-228 - 1.7x10%  25x10°  1.0x10°  6.1x10%  19x10°  9.1x10%  46x10°  1.1x10% 37x105 15x10% 59
Thorium-230 41x104  78x10%  34x10%  1.7x10%  45x10¢  3.1x10¢  7.4x10%  33x10%  14x10%  16x103 52
Thorium-232 9.0x10¢  1.3x10°  49x10°  30x10°  1.0x10°  43x10°  30x10°  48x10° 13x10° 12x10% 59
‘Uranium-235 ~ 54x10%  82x10¢ 3.1x10%  18x10% 6.1x10¢  28x10¢  18x10° 29x10° 86x10% 72x10° 30
Uranium-238 C1.2a0%  18x10%  68x10°  4.0x10°  1.3x10% 1 6.0x10°  309x10%  63x10%  19x10¢ 16x103 65

* The potential receptors are described in Table F.1, and their locations are shown in Figure F.1. Except for receptor K, concentrations were
calculated from the estimated annual average total particulate concentrations originating from contaminated sources, the contaminant
concentrations in those sources, and the estimated deposition on the ground surface. Values repnesent cumulative soil concentrations for
the 7-year cleanup period. The ULgyg concentrations in sitewide soil were used for receptor K.
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TABLE F.11 Estimated Concentrations of Chemicals in Soil at Receptor. Locadons for Alternative 6a, Chemical Stabilization/

Solidification
Estimated Concentration in Soil at Receptor Locations® (mg/kg)
Contaminant A B C D E F G H 1 J | 4
Metals. o _ : '
Antimony 89x10° 84105  43x10°  25x10°  1.1x10%  41x10°  41x10¢  29x10*  75x10°  15x103 7.2
Arsenic 64x10°  63x10°  42x10°  20x10°  7.2x10°  36x10°  20x10%  24x10%  98x10°  65x10% 1.9x10!
Barium 59x10%  59x10%  32x10¢  17x10%  68x10¢  29x10¢  24x10%  18x10%  55x10%  8.4x10°  1.9x10?
Beryllium 27x10% T 26x10%  15x10¢  B0x107  32x10°  14x10°  11x10%-  94x10%  30x10¢  4.0x10° 1.0
Cadmium 29x10¢  30x10®  1.8x10°  82x107  33x10®  16x10®  10x10°  12x10°  48x10®  28x10° 112
Chromium OI®  57x10°  56x10®%  31x10°  17x10°  67x10°  28x10°  24x10%  19x10%  56x105  86x10™ 2.4x10!
Chromium VI®.  63x10%  62x10%  34x10®  18x10®  75x10%  31x10%  27x10°  21x10°  62x10¢  9.5x10° 27
Cobalt C26x10°  26x10%  1.4x10°  77x10%  31x10°  13x10°  11x10¢  85x10° - 25x10°.  39x10* 1.4x10!
- Copper 726105 70x10%  39x10°  21x10°  84x10°  36x10°  29x10¢  25x10%  80x10°  10x10°  21x10!
Lead LIx104 13104 7.1x10°  35x10°  12x10¢%  54x105  34x10%  32x104 - 12x10%  9.9x10°4 5.8x10!
Lithium 22x10°  22x10°  12x10°  6.4x10¢  27x10°  1.1x10°  10x10¢  74x10°  22x10°  35x10¢ 1.0x10!
Manganese 20x10°  20x10°  1.2x10°  61x10?  23x10° 99x1o4 74x10°  61x10°  19x10°  25x102  6.6x10?
Mercury 32x107  34x107.  21x107 . 99x10%  37x107  19x107 ' 98x107  14x10®  S6x107  29x10%  90x102
Molybdenum  7.3x10°  7.1x10°  45x10°  22x10°°  85x10°  40x10°  27x10%  26x10%  1.0x10%  94x10%  2.4x10!
‘Nickel 88x10°  B86x10°  49x10°  26x105  10x104  45x10°  36x10¢  30x10*  98x10°  13x10° - 29x10!
Selenium 5.1x10%  54x10°  30x10®%  16x10°%  6010° - 28x10%°  18x10°  21,10°  74x10%  62x10° 44
Silver 24x10%  25x10°%  13x10%  68x107  28x10%  12x10% . 11x10°  85x10%  2.7x10%  33x10° 10
Thallium 120x10%  2110%  13x10%  63x107  22x10%  1.1x10%  61x10%  69x10¢  26x106  19x10° 36
Uranium 40x10%  44x10%  25¢10%  13x10%  45x10%  21x10¢  13x107  13x107 ° 49x100  43x103 1.2x102
‘Vanadium 21x10%  20x10¢  15x10%  67x10°  24x10*  1.3x104  66x10¢  8Ix10¢  38x10*  2.3x10? 3.8x10!
Zinc 2210%  23x10*  1.1x10%  62x10°  26x10%  1L1x10*  11x10%  72x104%  20x10¢  35x103  9.9x10!
Inorganic anions S . »
Fluoride 1.8x10°%  18x10°  97x10®  52x10°¢ : 21x10°  87x10%  7.1x10°  56x10°  1.7x10°  25x10° 6.7
Nitrate 12x10%  12x107  1.0x107 - 41104 14107  87x10%  25x10% . 53x10°  31x103  77x103 1zxm2
Nitrite 1.2x10° © 1.2x10° 40x10%  13x10° - 84x10% - 25x10° 52x10°  30x10°  82x10°  6.7x10"

9.8x10°6
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"TABLE F.11 (Cont)

Estimated Concentration in Soil at Receptér Locations® (mg/kg)

Contaminant A B C D “E - F . G H 3 ] K

PAHs ' 71x10°  68x10°  37x10%  19x107  85x10°  3.4x107 32x10% - 25x10°  91x10° 12x107 13

PCBs 28x10° 26x10°  22x10°  9.0x10¢  30x10°  19x10°  55x10°  12x10%  69x10°  17x104 7207

Nitroaromatic .

compounds : T . : o

. DNB : 50x10°%  46x10° . 24x10%  1.4x10¢  60x10%  23x10% 22x10°  16x10°  42x10% - 85x10° - 1.6x10"
2,4-DNT 42:107  45x107  27x107  10x107  46x107  23x107  92x107  2.1x10®  93x107  14x10¢ <
26-DNT 49x107  52x107 31x107  12x107  55x107  27x107  11x10®  25x10® - 1.1x10®  1.6x10%
NB . .. 40x10®  43x10® . 26x10%  96x107  45x10®  22x10° * 88x10°  21x10°  90x10®  1.3x10° -
TNB 7.2x10%  77x10°  46x10%  1.7x10°  80x10®  4.0x10°  16x10°  37x10°  16x10° ' 24x10° . .
TNT 13:10%  1460°  85x10°  32x10% . 15x10%°  7.4x10%°  29x10° . 69x10°  30x10%  45x10%  9ix107

* The potential receptors are described in Table F.1, and their locations are shown in Figure F.1. Except for receptor K, concentrations were calculated

" from the estimated annual average total particulate concentrations originating from contaminated sources, the contaminant concentrations in those
sources, and the estimated deposition on the ground surface. Values represent cumulative soil concentrations for the- 7-year cleanup penod The UI.95
concentrations in sitewide soil were used for receptor K.

The concentrations of chromium [ll and chromlum VI Wwere-estimated assuming that these two contammams represent 90% and 10%, mpechvely, of the
total chromium concentration.

¢ A hyphen indicates that the entry is not applic'able.
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TABLE F.12 Estimated Concentrations of Chemicals in Soil at Receptor Locations for Alternative 7a, Vitrification

Estimated Concentration in Soil'at Receptor Locations® (mg/kg)

1.9x10°5

1.2x10°%

Contaminant A B C D E F G H 1 ] K
Metals ; . __
Antimony 80x10° - 1.0x10%  39x10°  24x105  95x10° . 38x10°  37x10¢  40x10¢  84x10°  19x103 72
Arsenic 59x10°  92x10°  38x10°  21x10°  67x10°  34x10°  18x104  38x10¢  13x10%  77x10*  1.9x10!
Barium 54x10%  76x10%  29x10¢  1.710%  63x10%  27x10%  21x10°  27x107 . 68x10% . 10x102  19x102
Beryllium 25x10%  34x10%  13x10%  79x107  29x10¢ © 13x10°  10x10°  14x10°  38x10° - 48x10° 10
Cadmium 31x10%  42x10%  17x10%  1.1x10%  35x10°  16x10%  10x10°  21x10°  67x10°¢ . 36x10° 12
Chromium NP 52x10°  7.2x10°  28x10°  17x10°  62x10°  26x10°  22x10?®  28x10%  69x10°  1L1x103  2.4x10
Chromium VI®  58x10% - 79x10%  31x10®  18x10¢  68x10% 29x10®  24x10°  31x10° 77x10%  12x10% 27 -
Cobalt 24x10°  33x10° 1305 76x10¢  28x10°  12x10°  99x10°  12x10*  31x10°  47x10*%  1.4x10!
Copper 67x10°  90x10°  36x10°  22x105  78x10°  34x10°  27x10%  38x10¢  10x10*  13x107  2.1x10!
Lead 1.2%10% . 18x10%  7.1x10°  40x10°  13x10%  57x10°  3.4x10¢  57x10*  1.7x10 1.2x10%  5.8x10
Lithium 20x10° © 28x10°  11x10°  63x10%  24x10°  10x10°  95x10° | L1x10*  26x10°  43x10%  1.0x10
‘Manganese 1.8x103  27x10%  "1.1x10%  60x10%  21x10%  9.4x10%  67x10%  93x102  25x100  3.1x102 © 6.6x10?
Mercury 34x107  48x107  20x107  13x107  38x107  19x107 97x107 24x10®  78x107  36x10¢  9.0x102
Molybdenum  65x10° ~99x10°  39x10°  22x10°  76x10°  36x10°  2.4x10%  39x10¢*  1.3x10" 11x103  24x10!
Nickel B.1x10°  11x10%  44x10°  26x10°  95x10°  41x10°  33x104  45x10%  1.210¢  16x10%  29x10
Selenium 52x10%  71x10®  29x10°  19x10¢  59x10%  27x10%  18x10°  34x10°  98x10®  77x10° 44
Silver 24x10%  32x10%  1.2x10%  76x107  27x10%¢  Lix10®  1.0x10°  1.3x10°  34x10° . 42x10° 10
Thallium 19x10%°  3.0x10%  1.2x10%  7.0x107  21x10°  10x10%  58x10°  1.1A0°  36x10°  23x10° 36
Uranium 39x10¢  6.0x10%  24x10¢  1.4x10*  44x10%  21x10%  1.3x10°0  2.1x103  66x10¢ 52x10°  1.2x10?
Vanadium 1.9x10%  31x10%  13x10*  67x10°  21x10%  1.1x10*  58x10¢  1.2x103  50x10¢  26x102  38x10!
Zinc 20x10%  28x10¢  1.0x104¢  61x10° . 24x10%  97x10°  10x10°®  1.0x10%  24x10¢  43x10°  99x10?
Inorganic anions :
Fluoride 1.6x10°  23x10°  89x10°  52x10°  19x10°  8.1x10®  6.4x10°  83x10°  21x10°  31x10¢ 67
Nitrate 1.0x103  20x10%  85x10%  42x109  12x103.  76x10%  21x10%  8.4x100  42a0%  79x10°  1.2x102
Nitrite 1.0x10°% 8210  41x10° 74x10¢  22x10°  81x10°  41x10%  B7x10°  67x10!
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TABLE F.12 (Cont)

Estimated Concentration in Soil at Receptor Locations® (mg/kg)

- Contaminant A B. C D E - F G H I J K
PAHs | 66x10°  85x107  32x10°  19x107  78x10% -~ 30x10%. . 29x10%  34x10® 10x10%  16x107 13
PCBs - . 24x10°  44x10°  19x10°  96x10%  27x105  17x10°  49x105  19x10%  95x10%  18x10%  7.2x107
Nitroaromatic - = , ' ‘
compounds . : ) ' _ . c
DNB - 45x10%  57x10%  22x10%.  13x10%  54x10%  21x10%  20x10 23x10% C47x10¢  10x10%  16x107!
24-DNT . 59x107  65x107  30x107  21x107  61x107  26x107  12x10%  47x10° © 14x10®  25x10°® *
26-DNT 69x107  76x107  35x107 | 25x107  72x107 - 31x107  14x10%  55x10%  17x10%  29x10% -
NB 57x108  63x10°%  29x10%  20x10%  59x10%  25x10%  11x10%  45x10°  14x10% 240 -
TNB . 1.0x10°  11x10°  52x10% 3710 1L1x105  46x10®  21x10° - 81x10°  25x10°  4.3x10°%. -
_TNT 19x10°% . 21x10%  97x10¢  6.8x10° - B5x10%  38x10°  15x10%  46x10°  79x10°  9.1x10]

20x10°

* The potential receptors are described in Table F.1, and their locations are shown in Figure F.1. Except for receptor K, concentrations were calculated

from the estimated annual average total particulate concentrations originating from contaminated scurces, the contaminant concentrations in those
sources, and the estimated deposition on the ground surface. Values represent cumulative soil concentrations for the 7-year cleanup period. The
ULy concentrations in sitewide soil were used for receptor K. )

. b The concentrations of chromium Il and chromium VI were eshmated assuming that these two contaminants represent 90% and 10%, respectively, of
the total chromium concentration. :

<A hyphen indicates that the entry is not applicable.
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-‘TABLE F.13 Occupational Standards and Guidelines for Chemical Contaminants

Occupational Standard/Guideline®
- (mg/m’, except as noted)
. . OSHA ACGHH NIOSH . Comments
Contaminant PEL® TLVS RELY '
Metals'
"Antimony 05 05 0.5 Antimony and compounds, as antimony.
Arsenic 0.01 02 0.002¢ PEL: inorganic compounds, as arsenic. TLV: arsenic
: : and soluble compounds, as arsenic. REL: 15-minute
ceiling.
Barium - 0S 05 05 Soluble compounds, as barium.
Beryllium 0.002 0002 00005° PEL and TLV: beryllium and compounds, as beryllium.
: : REL: not to exceed 0.0005 mg/m>.
Cadmium 0005 005 - . PEL: all cadmium compounds, including dust and
: fumes. TLV: cadmium dusts and salts, as cadmium.
Chromium IIf 05 05 0.5 Chromium I compounds, as chromium.
“Chromium V1 "NA - 005 . 0001* TLV: water-soluble and certain water-insoluble
: : chromium VI compounds, as chromium. REL: for
carcinogenic compounds; for mncaromgemc
compounds, the REL i ls 0.025 mg/m with a 1$nunute
ceiling of 0.050 mg/ m3.
Cobalt 01’ 0.05 05 _ Cobalt metal, fume, and dust, as cobalt.
Copper 1 1 1 Dusts and mists, as copper. PEI.andRELforcopper
: fume is 0.1; TLV for copper fume is 0.2 mg/m>.
Lead 0.05 0.15 <0.1 PEL: inorganic compounds as lead. TLV: morgamc
- dusts and fumes, as lead.
Lithium 0.025 0.025 0.025 Lithium as lithium hydride.
Manganese 1 5 5 PEL and REL: fume, as manganese. TLV dust and
o " compounds; TLV for fume is 1 mg/m .
Mercury 0.05 0.1 0.05 PEL and REL: mercury vapor, as mercury. TLV: aryl
_ » . and inorganic compounds, as mercury.
Molybdenum 5 5 NA PEL: soluble compounds, as molybdenum; PEL for
insoluble compounds is 10 mg/m” for total dust and
5 mg/m?® for the respirable fraction. TLV: soluble
compourxls, as molybdelmm, TLV for insoluble
compounds is 10 mg/m
Nickel 0.1 0.1 . 0015  PEL: soluble compounds, as nickel; PEL for metallic

nickel and insoluble compounds is 1 mg/m as nickel.
TLV: soluble compounds as nickel; TLV for insoluble

campounds is 1 mg/m’.




e

TABLE F.13 (Cont)

F-SO

Occupahonal Standard/Guideline®
(mg/m>, except as noted)
o OSHA  ACGH * "NIOSH Comments
Contaminant PEL® TLV® RELY '
Metals (cont)
Selenium 02 02 02  Selenium compounds, as selerium
Silver .0..01 ’ 0.01 001 PEL and REL: metal, dust, and fume, as silver. TLV:
: soluble compounds as silver; TLV for silver metal is
0.1 mg/m’. :
Thallium 0.1 01 01 ‘Soluble compounds, as thallium. Skin designation;
v o refers to a potential contribution of the overall exposure
. by the cutaneous route, including mucous membranes
_ and eyes — through airborne contact, or more
particularly, through direct contact
Uranium 0.05 02 0.0 PEL and REL: soluble compounds, as uranium, PEL
- : and REL for insoluble compounds is 02 mg/m>, as
uranium. TLV: soluble and insoluble compounds, as
Vanadium 005 ~ 005 005 . PEL: respirable dust, as vanadium oxide (vzos) Lv:
respirable dust and fume.
Zinc 5 - 10 5 RELandPEL zinc oxide fume; 15-minute ceiling is
10 mg/m TLV: zinc oxide dust; TLV for fume is
5 mg/m’.
lnotganici anions
Fluoride . 25 25 25 Fluorides, as fiuorine; TLV for Aluorine is 1.6 mg/m>.
Nitrate NA  Na NA
Nitrite NA NA NA
- PAHSf 02 02 01°  PELand TLV: for coal tar pitch volatiles, measured as -
o . the benzene-soluble fraction of total particulate matter.
REL for coal tar pitch volatiles, measured as the
cyclohexane-soluble fraction of total particulate matter.
PCBs$ 05 05 0.001 'PEL and TLV: for chlorodipheny! (54% chlorine), skin

designation; refers to a potential contribution of the
overall exposure by the cutaneous route, including
mucous membranes and eyes — through airborne
contact, or more particularly, through direct contact.
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TABLE F.13 (Cont)

- Oca:pahonal Standard/Guideline®
(mg/ m’, except as noted)

© .. O©SHA . ACGIH NIOSH " . Comments
Contaminant PEL.’ ; TLVE md .

Nitroaromatic

DNB v 1 | 1 For all DNB isomers. Skin designation; referstoa_
potential contribution of the overall exposure by the
cutaneous route, including mucous membranes and
‘eyes — through airborne contact, or more particularly,
through direct cortact

24-DNT 1.5 15 . 15° For total DNT; isomer unspecified. Skin designation;
refers to a potential contribution of the overall exposure
by the cutaneous route, including mucous membranes
and eyes — through airborne contact, or more
particularly, through direct contact. .

2,6-DNT 1.5 . NA 1.5° For total DNT; isomer unspecified. Skin designation;

: - refers to a potential contribution of the overall exposure
by the cutaneous route, including mucous membranes
and eyes — through airborne contact, or more

" particularly, through direct contact. ~ :

NB _ ' 5 5 5 Skin designation; refers to a potential contribution of
- : the overall exposure by the cutaneous route, incduding
mucous membranes and eyes — through airborne -
contact, or more particularly, through direct contact.

TNB 05 NA NA - Skin designation; refers to a potential contribution of
? ' the overall exposure by the cutaneous route, including

mucous membranes and eyes — through airborne -

contact, or more particularly, through direct contact.

TNT 0.5 05 05 * Skin designation; refers to a potential contribution of
. C the overall exposure by the cutaneous route, induding
mucous membranes and eyes — through airborne
contact, or more particularly, through direct contact.

* Each comment’ a