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APPENDIX c:

AIR QUALITY MODELING AND ANALYSIS

Under current conditions and in the absence of remedial action activities, the Weldon
$pring 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 ofparticulates have
been estimated for these activities to evaluate air quality impacts and support the health
assessment for the cleanup period.

The modeling and analysis used to assess air quality are presented in this 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 altemativesbeingconsidered for. sit,e cleanup
(Chapt~r 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 (Alternative6a) or vitrification (Alternative 7a) and on-sitedisposal.
The other two alternatives involve on-site vitrification and off-site disposal at one of two
locations, the Envirocare facility in Utah (Alternative 7b) or the Hanford facility in Was¥ngton
(Alternative 7c). .

The locations and configurations 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 during
the cleanup period.

Implementing anyone of the action alternatives wouldgenerate both contaminated and
uncoiltaminated emissions.; Activities that could result in contaminated releases include excavat­
ing contaminated soil and sediment, 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 unloading and ~te placement activities). To minimize these 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 inuncontaminated emissions include (1) excavating borrow •.
material in the vicinity of the site; (2) backfilling 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). Conventional 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 facilities under Alternatives 7b and 7c, respectively.

For a comparative 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

1be simila! 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 necessary
:::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 7c were selected) have not yet been determined. Thus, potential impacts to air
quality at the Envirocare and Hanford facilities associated with disposal of waste from the

· Weldon Spring site have been evaluated with screening-level calculations for comparison.

The methodology used to model air quality is described in Section C.l. The specific
models are discussed in Section C.l.l, and the assumptions and model inputs are identified in··
Section C.L2. The results .of this modeling for the remedial action period are compared with
ambient air quality standards inSection C.L3, 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 eaC;h potential source' area on-site
,and for affected areas. off-site, and the results. are presented in Section C.3. Theexhaust
.emissions from heavy equipment used for cleanup operations are expected to be relatively low,
so air quality impacts from .these emissions were calculated for a worst-<:ase situation.
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• C.t METHODOLOGY FOR MODELING'AIR QUALITY IMPACTS

The methodology used to assess ait quality and potential health impacts was tailored
to reflect the complexi~y 6fthe cleanup activities being considered for the Weldon Spring site.
1ltis project-specific approach addressed the following factors:

• Source areas are widely scattered over the site, with varying levels of
chemical and radioactive contamination. '

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

• Cleanup acti~ties for the various source areas are conceptually scheduled
to occur at different times, ranging ,from a few days to a few years over the
remedial action period.

1ltis methodology involved the following tasks:

•

•

,• The locations ofemission sources were identified, and categories of specific
activities were defined for each area;

• Specific recep'tor locations were identified for evaluation, includirig a
network of perimeter locations and various nearby locations currently
occupied by human receptors;

• Uncontrolled emission rates were calculated using eIIUSSlon factors
provided by the U.S. Environmental Protection Agency (EPA 1985-1988,
hereafter referred to as AP-42; EPA 1989a), and controlled emission rates
were calculated using the efficiencies of control technologies provided by
the EPA (1978, 1988, 1989a);

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

• Both 24-hour maximum and annual average' airborne particulate
. concentrations were calcuI:ated for each receptor location by multiplying .

the emission source strength at each area by the corresponding entry in the
concentration .matrix, considering' the projected sequence of cleanup
activities;

• Airborne concentrations of total particulates estimated for site perimeter
locations were compared with ambient air quality standards to determine
compliance;



• Concentra'tions of airborne contaminants and concentrations of contami­
nated particulates deposited at the current human receptor·locations were
calculated, the latter by including a component to model particulate
'deposition; 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.

•
.1

C.l.l Air Quality Models

. Two air quality models reCoriunended by the EPA (1986) were selected for a~sessing

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
J:~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). .'

The ISC model is limited in its effectiveness for considering the effects ofuneven 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 loca~edabou~ 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 classified as siIDple, and the model limitation
does not impact the ailalysis.

The ISC model includes two forms: the Industrial Source Complex, Short Term model
(lSCSf Version 88348; EPA 1987b, 1987c) and the Industrial Source Complex, Long Term model

I

(lSCLT Version 90010; EPA 1987b, 1987c). Typically, the ISCST model is used to estimate
'24-hour average particulate concentrations and the ISCLTmodel is used tq estimate annual

T .
average concentrations. However, the ISCLT moqel was detemtined 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 appropnate 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 point, volume, and area sources at •
the Weldon Spring site (Section C.1.2.1).
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The second model used to assess air quality impacts for the site is the third-generation
California Line Dispersion ~odel (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~iteand off~ite (Section C.1.21), 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~ite suppliers.

Another option would have been to evaluate a line source with the lSCST model using
a simulation approach. 1bat 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 kIn (3 mi), so more than 300 individual volume sources
would have to be modeled.' The CALINE3 model was selected as the most appropriate ~odel

.for evaluating air quality impacts associated with haul traffic during the remedial action period

.because it was designed specifically to address transportation activities. '

C.l.2 Assumptions and Model Inputs

C.l.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.l.
and depicted in Figure C.l; 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 enUssions from the stack of the vitrification facility, which was modeled as a point
source, were released from a 3D-m (loo-it) stack with an internal diameter of 1.2 m (4 ft) at an
exit velocity of 3.2 mls (10 ft/s) and an exit temperature of ,380o K (llO°F) (MK-Ferguson
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TABLE c.tSources Evaluated in the Air Pathway Analysis •
'Number

51
52
53
54
55
56
57
58
59
510
511
512
513'
514
515
516 .
517
518
519
520
521
522
523
524
525
Ll-1.27
1.28-1.29

Type

Area
Volume
Volume
Point
Area
Area
Area
Area
Area
Area
Area
Area
~
Area
Area
Area
Area
Area
Area
Area
Area
Volume
Area
Area
Area
Lirie
Line

Descriptiona

Material staging area
Volume reduction facilitY
5ludge pro:cessing facility (CSS and vrnb

5ludge processing facility (Vl1)b
Disposal cell and buildings, Phase 1
Disposal cell and buildings, Phase 2 ,
Disposal cell and buildings, Phase 3, and coal pile
Raffinate'pits land 2
Raffinate pit 3
Raffinate piH (north)
Raffinate pit 4 (south)
5poils pile
Ash Pond
Frog Pond
North Dump, mulch pile
South Dump'
Material (soil) staging area (south)
Temporary storage area (north)
Temporary storage area (south)
Construction material staging area (east)
Construction material stagIng area (west)
Water treatment planf
B~Lake34

Busch Lake 35
Busch Lake 36

. Haul road segments on-site
,Haul road segments between the three off-site

lakes and the site '

i

i

•
a Sources at which activi~eswould 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.l for loCations of all source areas
except 523, 524, 525, 1.28, and 1.29; see Figure C.2 for locations of 523,
524, and 52S.

b The notation addresses the type of treabnent that would be conducted at
the facility, as determined by the alternative: CSS =chemical
stabilization/solidification; vrr =vitrification. 5tack emissions were
,evaluated only for the vitrification facility because they are not relevant
for the CSS flldlity.

C The water treatment plant is included in this table because facility
closure was addressed in this analysis; impacts related to construction ,
and operation have been addressed separately (MacDonell et al. 1990).

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

Company and Jacobs Engineering Gr~up 1992). Other facilities, such as the volume reduction
facility, were modeled as volwne sources, asswning an area of 0.1 ha (0.25 acre) and a height
of 10 m (33· ft).

It was also assumed that about 0.1 ha (0.25 acre) would be disturbed at each emission
location during any I-hour period, on the basis of the smallest area estimated to acconUnodate
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 material staging areas, and raffinate pit 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 ~urved

alignments that were apEroximated as straight lines for modeling purposes (see Figure C.l).

C.l.2.2 Meteorological Data

Representative meteorological data are important input to the dispersion model, and . i
site-specificdata 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 uSingEPA methodology . !

(EPA 1987a). Mixing heights were estimated from upper-air meteorological measurements taken
twice daily in 1985 at a station in Salem, illinois, located about 110 km (70 mil east of Sl Louis;
these data were used to interpolate eJqlected hourly mixing heights at the site. The meteoro-
logical data used in this cinaIysis. and a comparison of their statistical summaries with those for

... nearby weather stationS. are discussed in detail in Section C.2 (The ·coUection. of .on-site
., meteoroiogical data has .. recently been renewed, and the results will be .. incorporated "into
,. monitoring and testing activities for airborne contaminants during the cleanup period.)

C.l.2.3 Receptor Data

Thirty-six receptor locations were evaluated for this analysis. Ten of these represeqt
~~ locationseurrently occupied by human receptors, and the remaining 26 represent hypothetical

receptor locations around the site perimeter (Figure C.l). 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-Ievel,
nonbuoyant releases. MaximwnpartiClilate 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 locations resulting from
remedial action activities are given in Section C.1.3.

•

••



. FIGURE Co2 Locations of Potential Current Receptors

C.l.3 Model CalCulations and Comparison to Ambient Air Quality Standards

Ambient air quality in areas accessible to the general public 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 di.oxide), carbon monoxide, ozone, nitrogen dioxide, lead,
and particulates as PM-tO (i.e., particles with an aerodynamic diameter of ~10 J.1IIl).

The annual ambient air quality standard for PM-tO is 50 l1g/m3 as the arithmetic mean..
. Compliance with this standard is detennined on the basis ofmeasured daily concentrations over
3 years or predicted daily concentrations for t year. The· 24-hour standard for PM-tO is
150 J.1g/m3, with not mor~ than three expected exceedancespetmitted 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 J.1g/m3. This background concentrcttion represents an estimated PM-tO concentration for
the rural St. Louis area, as detennined 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.l.3.t through C.1.3.4. 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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Airborne particulate concentrations that could result from remedial action activities 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 Spriil.g site hom 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 hom 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 substan~releases of uncontaminated dust. U 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
calculations.' . .

;. To support the prediction of airborne particulate concentrations for Alternatives 6a and .. ,
~7a, PM-10 emission inventories were developed for remedial action activities at the Weldon
{'Spring site using conceptual cleanup considerations and relevant engineering information (Sec-
~ tion 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, inajor activities "are. discussed in
Sections C.l.3.1 through C.13.S.

C.l.3.1 Cleanup Activities

Current conceptual cleanup pians 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
':-. fevegetating 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 alternative. These concentrations were estimated for the
. 10 human receptor locations and the 26 site perimeter locations for each year of the remedial

action period.

"' The estimated annual average concentrations of contaminated airborne particulates were '
~ alSo averaged over the deanup 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-tO concentrations'reported in this appendix exclude the contribution from
background. To estimate total PM-tO concentrations for the Weldon Spring site, the background
concentration of 24 J.lg/m3 for the rural St. Louis area should be added to the es,timated values.

j'

I,
i.1
I
!.
l
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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). Thisestimated
annual average for the exposure period was used to assess potential health impacts
(Appendix F).

The annual average ~oncentrationsof contaminated particu.Iates that could be deposited
at the current.human recept6r 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 concerttrations 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 a,ir. Although this approach results in higher. estimated PM-tO
.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 pm, 10%
are 30 to SO 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 partic:U1ates
provided by the EPA for various activities (EPA 1985-1988, 1988, 1989a). The second, factor is,
the paIticle size distribution determined for contaminated soil and sludge at the Weldon SPrin~
site (MK-Environmental Services 1990). The particle density was assumed to be ,?-7 g/m
(Grozescu 1991); other parameters used for the depositiort calculations, such as ~ settling·
velocity and reflection coefficient, were determined from EPA recommendations (EPA 1987b).

Alternative 6a. The annual average and 24-hour particulate concentrations predicted
. for the current receptor l~tions 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 appreciable length of time during the
cleanup period.

For the annual average estimates, the maximum particulate concentration predicted for
a perimeter locationfromcleanup activities is 8.5 llg/m3 for the worst year (1998) and 5.5 llg/m3

.averaged. over the entire remedial action period (1993-2000). The highest 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 Co2 ·Estimated Annual and 24-Hour Average PM-tO Concentrations at the Weldon
Spring Site for Alternative 6a, Chemical Stabilization/Solidificationa

Estimated CDnc:entrationb (~g/m3)

Annual Avenge Highest 24-Hour Avenge

Oeanup
ReceptorS Maximum Period" First Second Third

A Nearby ftsident Qarlitor at Francis 03.(1995) 0.2 . 7.0 (1998) 7.0 (1996) 6.4 (1996)

.r
Howell High SchOol)

B Nearby resident (Department of 03 (1995) 0.2 15 (1998) 11 (1997) 11 (1997) .
Comervation eutployee)

C Nearby resident (adjacent to 0.1 (1998) 0.1 3.8 (1998) 3.5 (1996) 3.1 (1997)
U.s. Route 40/61) .

0 Nearby resident (Weldon Spring .0~04 (1998) 0.03 2.1 (1998) 1.5 (1995) 1.4 (1998)
Heights)

E Student (Francis HoweR High 03 (1995) 0.2 7.7 (1996) 7.6 (1997) 7.5 (1998)
~.. ~l)

'*t F Child (daycare facility)d 0.1 (1995) 0.1 2.5 (1997) 2.1 (1998)' 2.1 (1997)..........
G Worker (highway maintenance 1.1 (1995) 0.7 24 (1998) 23 (1997) 22 (1995)

·facility)

H Worker (Army site ~tative) 0.8 (1995) 0.5 47 (1997) 42 (1995) 39 (1998)

Worker (Bqsch Wildlife Area 0.4 (1995) 0.2 13 (1997) 12 (1997) 11 (1998).
. headquarters)

i'
J Worker (on-site office building) 4.2 (1995) 2.0 . 100 (1997) 88 (1996) 88 (1995)

Hypothetical person at a perimeter 1.5 (1995) 0.9 28 (1995) 28 (1997) 28 (1997)
post (main gate)e

Hypothetical person at site boundaryf 8.5. (1998) 5.5 280 (2000) 200 (2000) 170 (2000)

• Reported concentrations are associated with remedial action activities only; to estimate the total PM-I0 concen-
tration, the background concentration of 24 pg/m3 should be added to the 1isted value (see text).

'"
b The air quality standards Cor annual average and 24-hour PM-I0 concentrations are 50 and 150 pg/m3, respec-

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 OCCID' is given in parentheses.

c
. .

. An avenge concentration was also estimated.for the period from 1993 through 2000 to indicate the genenl
magnitude of air quality imPacts over the reMedial action period. .

. d Although the daycare facility was recently destroyed by fire, this receptor location was retained for this asse5sInent

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

e Although this was evaluated as a site perimeter location. it is presented separately to reflect the increased
likelihood of actual occupancy (e.g., by a security guard) compared with the other perimeter locations.

f Estimated maximum annual and 24-hour average concentrations would OCCID' at perimeter locations near the
construction liIaterial 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
assodated with remedial action actiVities.. The maximum annual average particulate concen­
tration estimated for a receptor at this location is 4.211g/m3 for the worst year (1995); the
average concentration for the entire period is 2.011g/m3. The highest concentrations
estimatedfor the off-sitereceptor locations are less than 1.111g/m3. Combined with the
background concentration.of 24 llg/m3, all of these predicted values are considerably below the
annual air quality standard of 50 llg/m3 for PM-lO.

The highest 24-houf average particulate ·concentration of 280 llg/m3 is estimated to
occur at the perimeter loca~on 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 llg/m3 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 handling of
uncontaminated material from the construction material staging area (31%).

The highest 24-hour average particulate concentrations predicted for the on-site office
building are 100 J,lg/m3 from both uncontaminated and contaminated sources and 50 llg/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 quality
standard (Table C.2).

The methodology q.sed for this analysis cannot accurately predict a worst-caseconcen­
tration associated with activities near the site perimeter because it was assumed that the em.i$sion .
sources are represented by the center points of disturbed areas (Section C.1.2.1). High conce~tra­

tiOIlS 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 wind speed and direction when scheduling certain activities.

In general, partiCt:t!ate 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 wi~e 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 contamiIlated material would be handled in a wet condition; and (4) only one
shift would be operating during the day, which is when atmospheric dispersion conditions are
such that air pollutants are least likely to accumulate.

• Emissions from contaminated sources were also evaluated with atmospheric ~ersion
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 deposi~on calculations are shown in Table C.4. The human
health assessment is presented in App~ndix F.. f

I

Alternative .7a. The annual average and 24-hour particulate concentrations predicted
for the current receptor locations under Alternative 7a are shown in Table C.S. Whereas the final
waste volume would inaease 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 amoWlt of fugitive dust, reduced emiSsions are
associated with the smaller facility. Thus, total particulate concentrations (i.e., from contami:­
nated and Wlcontaminated sources·. combined) would generally be slightly lower for

.Alternative 7a than Alternative 6a. (Some exceptions do exist, depending on the source-receptor
relationship and the differences in estimated work schedules.)

The highest annual average particulate concentration predicted to occur at any location
during the remedial action period is 6.5 Jlg/m3 for 1997; averaged over the entire .period, the

~highest concentration is 4.6 Jlg/m3; The concentrations for the worst year would occur at the
,. perimeter. location near the north gate, and they are primarily associated with ~contaminated

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 assoaated with ~ite

cleanup activities. The maximum concentration estimated for a receptor at this location is
2.7 Jlg/m3 for the worst year .(1995); the concentration averaged over the ·entire period is

·1.9 Jlg/m3• The highest concentrations at the off-site receptor locations are estimate~ to be less ..
: than 0.8 Jlg/m3. Combined with the background concentration of 24 Jlg/m3, 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 Jlg/m3 at the location near Frog Pond; this concentration would result from backfill
operations with Wlcontaminated material. The highest 24-hour concentration predicted for the
period during which contaminated material would be handled (1993 through 1999), is

•150 Jlg/m3, which would occur at the .perimeter location closest to the on-site office building.
1his level would result primarily from operations at the disposal cell (70%) and road traffic

-·(21%). The highest 24-hour partiCulate concentrations predicted for the on-site office building
. are 93 pg/m3 from both uncontaminated and contaminated sources and 50 pg/m3 from
contaminated sources only. The high~t 24-hour concentrations predicted for the nine off-site
.receptors, including the backgroWld concentration, a.t:e considerably below the 24-hour air quality

"standard (Table C.5).

•
Ir

•

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 c.J Estimated Annual Average Concentrations of Airborne Particulates at Potential
Receptor Locations from Contaminated Sources for Alternative 6a, Chemical Stabilization!
Solidification, and Alternative 7a, Vitrification

Estimated Annual Average AirbOme PM-10 Concentrations at Potential Receptor LocationS-
Treatment . ~~m~·
Method/

Year A B C D E F C H J

CMmie," Stlllrilizatiml/
Solidification

1993 0.013 0.007 0.004 0.002 0.014 0.002 0.072 0.013 0.010 0.240
1994 0.007 0.005 0.001 0.001 0.008 0.001 0.050 0.008 0.007 0.117
1995 0.024 0.017" 0.006 0.004 0.028 0.006 0.095 0.064 0.018 0.675
1996 . 0.022 0.Q15 0.005 0.003 0.028 0.005 0.116 0.053 0.020 0.530
1997- 0.034 0.025 0.013 0.005 0.044 0.011 0.180 0.099 0.049 0.574
1998 0.044 0.044 0.017 ·0.008 0.051 0.014 0.189 ·0.129 0.071 0.232
1999 0.007 0.003 0.003 0.001 0.009 0.003 0.041 0.023 0.004 0.046

Averageb .. 0.022 0.017 0.007 0.003 0.026· 0.006 0.106 0.056 O.O~ 0.345_.......................................................__....-.................................................._......-..........__ .......-............................................._..-........_...- ......_-_.
VitrificAtion

1993 0.008 0.006 0.003 0.001 0.008 0.002 0.048 0.012 0.010 0.197• 1994 0.007 0.007 0.004 0.001 0.009 0.003 0.044 0.021 0.011 0.123
1995 0.025 0.018 0.006 0.004 0.028 0.006 0.105 0.087 0.019 0.733
1996 0.013 0.010 0.004 0.002 0.015 0.003 0.071 0.047 0.014 0.376
1997 0.043 0.046 0.013 .0.006 0.053 0.012 0.187 0.126 0.078 0.850
1998 0.044 0.047 0.015 0.008 0.053 0.012 0.189 0.123 0.073 0.496
1999 0.012 0:008 0.003 0.002 0.014 0.003 0.072 0.026 0.007 0.181

Averageb 0.022 0.020 0.007 0.003 0.026 0.006 0.102 0.063 0.030 0.422

a The potential receptors are described in Table C.2, and the locations are shown in Figure C.2.

b Averaged over the period &om 1993 througIt 1999.

•

. . .

an extensive off"'g~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 negligible. The highest annual average concentration predicted for
nitrogen dioxide, 10 Jlg/m3 near the north gate, is only a small fraction of the national ambient
air quality standard of 100 pg/m3• 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 adjacent to the site
boundary.
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TABLE C.S Estimated Annual and 24-Hour Average PM-l0 Concentrations at the Weldon
Spring Site "for Alternative 7a, Vitrificationa .

Estimated Concentrationb ()lg/m1

Annual Average Highest 24-holU' Average

Oeanup
Receptors Maximum Perioc1c First Second Third

A Nearby resident Gallitor at Frimc:is 0.2 (1997) 0.1 7.8 (1997) 6.8 (1997) 5.4 (1996)
Howell High School)

B Nearby resident (Departmen~of 0.2 (1997) 0.1 10 (1998) 9.0 (1999) 8.8 (1996)
Conservation employee)

C Nearby resident (adjacent to 0.1 (1997) 0.1 2.6 (1998) 2.5 (1997) 2.5 (1995)
U.s. Route 40/61)

D Nearby resident (Weldon Spring 0.00 (1998) 0.02 . 1.6 (1997) .1.4 (1998) 1.4 (1995)
Heights)

E Student (Francis Howell High 0.2 (1997) 0.2 8.4 (1997) . 8.2 (1997) 6.4 (1994)
School)

F Child (daycare facility)d 0.05 (1999) O.Ot 2.1 (1997) 2.0 (1996) . 2.0 (1994)

G Worker (highway maintenance 0.8 (1997) 0.6 25 (1996) 24 (2000) 23 (1997)• facility)

H Worker (Anny site representative) 0.6 (1997) 0.5 39 (2000) 36 (1999)· 30 (1994)

Worker (Busch Wildlife Area 0.3 (1997) 0.2 11 (1997) 10 (1996) 9.9 (1997)
headquarten)

Worker (on-site office building) 2.7 (1995) 1.9 93 (1998). 86 (1995) 83 (1995)

Hypothetical person at a periineter 1.0 (1997) 0.7 28 (1995) 27 (1995) 26 (1996)
post (main gate)-

Hypothetical person at site boundaryf 6.5 (1997) 4.6 280 (2000) 200 (2000) 170 (2000)

•

• Reported concentrations are associated with remedial action activities only; to estimate the total PM-I0 concen­
tration. the background concentration of 24 )181m3 should be added to the listed value (see text).

b The air quality standards for annual avenge and 24-hour averagePM-I0 concentrations are 50 and 150 "g/Ji,3,
respectively (these are both the National Ambient Air Quality Standards and MissOuri state standards). The year
in which the highest amcentration is predicted to occur is given in parentheses.

c An average concentration was also estimated for the period &om 1993 through 2000 to indicate the general
magnitude of air qwility ilnpacts over the remedial action period.

d Although the daycare facility was recendy destroyed. by fire, this receptor location was retained for this
assessment to address the possibility that the facility might be rebuilt for a similar·use.

• Although this was evaluated as a site perimeter location. it is presented separately to reflect the incrased
1ilcellhood of actual occupancy (e.g., bya security guard) mmpared with the other perimeter locations.

. f Estimated maximum annual and 24-hour average concentrations would occur at perimeter locations near the
construction material staging area and the Frog Pond area, res~vely.
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Potential emissions from contaminated sources were also evaluated with atmospheric
dispersion modeling to S1:lpport the health assessment for Alternative 7a.. Model-predicted
concentrations 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 Appendix 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 EnVfrocarefacility ra~er 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 ~oadingand
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
.~.and operate a cell at the 22O-ha (540-acre) Envirocare facility if it were selected as,the disposal

location for the Weldon Spring waste. Tl;\erefore, to provide a very pre~estima~ of
;potential air quality impacts for a comparative analysis, a screening-level analys~,wasconducted
'" in which simplifying assumptions for the disposal activities were combined witl} available site­
:'" specific data for factors .such as surface features and meteorological conditions (U$. 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 siIDilar to .those evaluated for the Weldon Spring site under Alternative 'la'. Potential air
quality impacts were modeled using site-specific information and assumingthata 17-ha (42-acre)
disposal cell would be constructed and operated over a 5-yearperiod in the southwest area of
the Envirocare site. .

The PM-I0'concentrations estimated from this screening-level analysis are 78 J.lg/m3and
8.5 llg/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<entral area of the site, the PM-tO concentrations are estimated,to be 26 llg/m3

and 1.7 J.lg/m3 for the highest 24-hour and annual average, respectively. 'The nearest residential
, areas are currently located 40 Ian (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 operating a disposal facility at the Envirocare site to manage the Weldon Spring

waste.

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

, , ,
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• Alternative 7c. Overall impacts to air quality 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,soo-ha(3,7QO-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 impactswere 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 Reservation. .

. .. The PM-tO concentrations estimated from this sc;reening-Ievel analysis are 7.0 and
0.ll1gtm3 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 ~t conventional dust control measures woul~ 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 WeldonSpring waste, and
they would also limit the potential· for particulate' dispersion from the work are.a

The Hanford Reservation is very large, and the disposal facility was assumed to be
· located in the 200-WestArea, 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 Analysis. Parti~teemissions 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-I0 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. I:ri fact, information from this air quality assessment will be used to f~ the
development of appropriate dust control strategies for the site during the detailed design stage
for this remedial action.
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Emissions associated with disposal activities would occur on-site under Alternatives 6a •
and 7a, whereas they wolfld occur off-site under Alternatives 7b and 7c. Assuming for this .
comparative ~ysis that the disposal activities would generally be the same at each alternative·
site, related e'rrlissions for Alternatives 7b and 7care 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.

For the two on-site disposal alternatives, both the total emissions (contaminated and ,
uncontaminated) and the uncontaminated emissionS would be higher for Alternative' 6a
(cheinicalstabilization/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 c;ontaminated material handled under each alternative would
be similar, contaminated emissions are estimated to be slightly higher Jor Alternative7a, , •
primarily because of the increased handling of soil associated with both the initial preparation. '

, of the disposal cell area arid waste placement into the operational facility. On average over'the
remedial action period, these concentrations are expected to be generally the~e or somewhat

,higher for Alternative 7a (e.g., increased by 20%) compared with Alternative.. 6a. Ho'Vever, 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' meteorological conditions 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 7c, 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
','aJ.ternatives. "

The nature of phased construction identified from copceptual engineering considerations
for the disposal cell under Alternative 7a is a major reason for the increased levels of,con­
taminated airbom~ and deposited particulates associated with this alternatiye. Compared with



•

•

•

C~23

Alternative 6a, the construction sequence for Alternative 7a ·would reSult in additional handling
of soil from berieath the dismantled cheriUcal 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 d.isposal.

An additional factor affecting estimated contaminant emissions for each alternative is
the rate at which soil would be transported from the TSA to the treabnent facility. This rate
would be four times higher tinder Alternative 6a than tinder Alternative 7a (and Alternatives 7b
and 7c) during 9 months of the year. In response, a larger front"i!nd loader would be used.at
the TSA to support chemical treabnent activities; this equipment would operate over a smaller
number of transport cycles with relatively lower particulate emission rates per volume of soil·
handled. In addition, chemical treatment operations and related transport activities would cease
during the winter months, whereas operations for the vitrifiCation fac~ty would continue year­
round. As a result, particulate emissions from TSA activities would. be higher under
Alternative 7a.

Source-receptor re~tionships 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. nus 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 Alternative 6a (Chapter 5, Sections 5.2.3 and 5.3.3). Therefore, receptors
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 ofcontaminated 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
contamiriated particulates over the exposure p'eriod would generally be the same or slightly

, higher under Alternative 6a. . .

,Cl.3.2 On-5ite Stockpile Operations

~ . Contaminated material would be temporarily stockpiled at the TSA and the MSA after
..being removed from varioUs source areas, pending the aVailability of the operational 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 locations near areas of specific backfill needS.

Both stockpiles and dishirbed 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 erosion (Section C.2). Therefore, a screening model was used to
.Scalculate potential impacts from wind erosion rather than developing detailed emission

, :f'inventories for these sources. Using the emission factor for wind erosion given in Section C.3
'';1: and assuming a O.l-ha (O.25-acre) stOckpile area and a dust control efficiency of 50%, the
'~m.aximum annual and 24-hour PM-I0 concentrations from wind erosion are predicted to be 4 .:
'c, and 110 l1g/m3, respectively, near·the edge of the pile. These PM-tO conceiltrations decrease
'. rapidly with distance from the source, e.g., 10% at 100 m (330 it) and 0.2% at 1,000 m (3,300 it). '
, ' 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 eroston: would also mix theairbome particulates in a large air

mass and thus would dilute the emisSiOns, thereby offsetting the potential for unpact 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 diy 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 limitirig stockpiling.

Cl.3.3 Off-5ite 'Borrow Operations

A 61-ha(150-acre) area located across from Francis Howell High School is considered
. 1 a potential representative source of borrow soil that would be used for backfilling areas

; excavated .on-site 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 dean borrow material. to the site could res~t in
elevated levelS of fugitive dust at nearby receptor locations. The highest annual and maximum

. 24-hour PM-tO concentrations at the high school, calculated by applying the rate currently
estimated fOr borrow operations and assuming the same control measures as used on-site, are
estimated to be 2.7 and 28 J.lg/m3, 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 frOIJl 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 day~ehours 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.l.3.4 Traffic on Nearby Public Roads

The highest 24-hour and annual average particulate concentrations for receptor.l~tions
from traffic'on nearby paved public roads were predicted for both current conditions (using 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 0, and a road to the Army property from Route 94 that runs along thesotithem boundary
of the site were estimated uSing emission factors for vehicle traffic on a paved road (taken from
Section J 1.2.5 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. Estimateci 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-tO concentrations at the main gate perimeter
location are relatively high, with highest 24-hour concentrations of 28 and 34 J.lgim3 and annual
average concentrations of 9.4 and 12 llg/m3 for current and future coiulitions, 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 estiInated 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 Estimated PM-tO Concentrations &om Traffic on: Nearby Paved Public Roads
for Current and Future Conditionsa .

Current Conditions Remedial Action Period

Maximum Annual Maximum Annual
24-Hour Average 24-Hour Average

Location of Concentration Concentration Concentration Concentration

~

Potential Receptor (pg/m:; (pg/m:; (pg/m:; (pg/m:;

~.,..
Francis Howell High School 12 4.5 14 5.3
Highway maintenance facility· 12 . 4.1 14 . 5.0
On-site office building 5.1 1.6 62 1.8
Main gate guard post 28 9.4 34 12
South gate 6.9 2.4 8.0 2.8
North gate 9.1 2.1 11 2.4

a Current conditions are represented by traffic data for 1990; conditions for the remedial action period are
represented by llStimates for 1995, the wotSt-ase year for this analysis. .

..... .

i,traffiC on these roads, a dust controlprogram could be implemented duril1g the reII\edia! action
'period, which might include the following:

• '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 covering the cargo material (e.g.,
with tatps); .

• Paving or oiling (with petroleum resin) the haul routes leading to the site;
and .

'. Reducing road emissions by vacuum sweeping andI or pressurized water
flushing.

C.l.3.S· 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

.. workers near the emission sources. Although diesel engines installed in heavy equipment .
.generally emit low levels of hydrocaroons 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, theemissio~ from the exhaust of heary equipment are expected •
to be relatively small. Hence, emissions were estimated for a screening-level analysis USing
information for a worst-case day.



•
C-27

To estimate impac~ associated with exhaust pipe emissions and fugitive dust
emissions, a front~nd loa~er 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~nd loader (Caterpillar 966E)
and the fugitive dust emission factors for a bulldozer (Caterpillar 06) at a fixed location, 'as
given by AP-42. Pollutarlt 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 ot near-ground-Ievel nature of the releases, pollutant concentrations

TABLE C.7 Estimated Concentrations of Air Pollutants &om Heavy Equipment
Emissions

Maximum Maximum
Concentration Concentration Most
from Exhaust from Dust Restrictive

Averaging Pipe Emissions- Emissions Standarda

Air Pollutant Period (pg/m3) (pg/m3) (pg/m3)

- _b• Carbon monoxide 1 hour 150 40,000
8 hours 91 10,000

Nitrogen dioxide

Particulate matter
(pM-tO)

Sulfur oxidesc

Lead

, Ozone

1 year 5 100

24 hours 9 420 150
1 year 1 49 50

3 hours 37 1,300
24 hours 9 365
lyeat 1 80

Calendar 1.5
quarter'

1 hour . 235

•
a 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 oxides, the 3-hour standard of 1,300 p.g/m3 is the
secondary standard.

b A hyphen indicates that the value was not estimated or is not applicable.

C Expressed as sulfur dioxide.
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from fugitive 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 using personal protective equipment. and conducting
operations upwind of emission sources, would be implemented to minimize the exposures of
workers who periodically might firidthemselves next to exhaust emissions: from heavy
equipment. In particular, if emissions from a front~nd 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
~candidat~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 (ae) 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 height at Salem, illinois (the nearest station at which
this parameter is determined, located 160 kIn [100 mil east of the site),
during 1985. .

~. Detailed descriptions of these nearby monitoring locations and data characteristics are discussed
. in Lazaro. (1989)~

The data selected for modeling air quality at the Weldon Spring site were 1985 surface
meteorological data from the site and mixing height data from Salem, Dlinois (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.

•.,
i
I
.;

•

•
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• C.2-I 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 (ie., the transport and diffusion of airborne releases) and the development of control
strategies for mitigating such releases. The EPA guidance on air quality modeling (EPA1986) .
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 lQO-m (33Q-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 significantly affect
large-scate winds.) .The wind roses for the area of concern for this analysis indicate that
1arge-scale winds are primarily from the south and secondarily from the bearing between west
and northwest.

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-eapture 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 ~%,bdthyears 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 tobe 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 fodall were distorted
such that the 1984 data are considered less appropriate' than the 1985 data for .use in the
modeling analysis. Therefore, orily 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 lor 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 ~e Weldon Spring site. - .

c.:u Wind Analysis

C.U.1 Wmd Diiectionand Speed

The prevailing wind direction at the Weldon Spring site is hom the south (Figures C.3
and C.4). Winds hom 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 hom 2.0 mls'from the east.,.northeast to ~.2 mls hom
the west-northwest, with an annual average of 2.7,m/s. This annual average· wind speed is
lower than the speed of 4.7 m/s 'determined for Lambert-Sl :Lo.uis International Airport. The
difference is attributable to surface mction effects resulting from the heavy vegetation and
relatively rou~ terrain in, the site vicinity (e.g., to the south toward the Missouri River).

From1983 to 1985, a wind speed of 12 m/s was measured only once at the Weldon
Spring site (in Jan.uary 1984); by comparison, this 'speed was measured at a frequency of 1% ,at

'. the airport (about 90 times per year) from 198:5 through 1989. A wind speed of greater than
'-11 m/s is considered to represent the magni~de of the threshold velocityslifficient to cause
, wind erosion. Thus, on the basis of site-specific data, wind erosion at the site is expected to be
very low.

Seasonal daytime and nighttime wind roses for the site are presented in Figures C.5 and
, C.6. The only major difference between these wind patterns is that, year-round, directional wind

speeds are higher during the daytime. In general, winds hom the west to northwest prevail in
the winter, and winds hom the south prevail during the rest of the year. Except for the year­
,round operation of the vitrification facility, cleanup activities at the site wo.uld 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 hom the site during the other '9 months of the year, when prevailing winds are hom

the south. As a result, releases would generally be transported to the north, a direction in which
no nearby receptorsarec.urrently present (Figure Co2). For Alternative 7a, 7b,or 7c, the .

: vitrification facility wouldbe operated 24 hours per day, .365 days per year. :This facilitY woUld
-: have a 3G-m (IOO-ft) stack and would be at the same location as the chemical treatment facility
~, forAltemative 6a. During winter operation of the vitrification facility, the prevailing winds hom
': . the ,west to the northwest woUld transport stack emissio~ to the southeast into the Weldon
, Spring Wildlife Area. Therefore, impacts to potential off-site receptors associated with

atmospheric transport follOWing airborne releases are expected to be minimal.

•. !
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FIGURE C.S 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-tenn impact at Francis HoweU High School because of its
location relative to the site (Figure C.2). Winds that 'could iinpact the on-site office building ar.e
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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 iss~ in
Table e.9. Wind speeds between 2 and 3 mls occurred most often ~t the site, and they persisted
for 2 consecutivehours approximately 50% of the year and for mo're than 25 consecutive hours
a total of 16 times. Wind speeds of 1 mis, the second highest value, persisted for 2 consecutive •
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TABLE C.8 Frequency Distribution of Persistent Wind Direction at the Weldo~ Spring Site, 1985

Prequency of Persistent Wind Direction-
Penlstence

(hOurs) N NNE NE ENE E ESE SE SSB S SSW SW WSW W WNW NW NNW Total

1 6.7 3.9 4.1 2.5 U 3.3 5.5 7.5 ·15.9 9.1 U 4.3 8.0 7.1 7.4 5.9 100.0
2 5.1 2.6 2.9 1.5 3.2 1.9 3.7 5.4 13.6' 6.8 2.4 2.6 6.1 4.9 5.3 4.0 71.8 .
3 3.8 1.9 2.0 0.8 2.3 1.1 2.5 3.7 11.4 5.1 1.2 1.4 4.7 3.7 3.7 2.6 51.8
4 2.9 1.1 1.5 0.4 1.7 . 0.7 1.8 2.5 9.8 3.8 0.7 1.0 3.6 2.9 2.6 1.7 ,38.6
5 1.9 0.7 1.2 0.3 1.2 0.4 1.2 1.8 8.2 2.9 ' 0.6 0.7 2.8 2.3 1.7 0.9 28.7
6 1.7 0.5 0.9 0.1 1.0 0.3 0.7 13 6.3 2.1 0.3 0.4 2.2 1.9 1.6 0.7 21.7
7. 1.3 0.4 0.5 0.0 1.0 0.2 0.4 0.8 4.9 1.5 0.2 0.3 1.7 1.4 1.3 0.4 163
8 0.7 0.2 0:5 0.0 0.7 0.1 0.2 0.7 U 1.2 0.2 0.1, 1.6 1.1 1.1 0.4 13.1
9 0.6 0.1 0.5 0.0 0.7 0.0 0.1 0.5 3.8 1.0 0.0 0.0 1.5 1.1 0.9 0.3 1i.1
10 0.4 0.1 0.2 0.0 0.7 0.0 0.1 0.3 3.1 0.5 0.0 0.0 1.5 0.7 .0.8 0.1 8.5
11 0.2 0.1 (J.O 0.0 .0.7 0.0 0.1 0.3 2.8 0.5 0.0 0.0 1.3 0.6 0.8 0.1 7.6
12 0.2 0.1 0.0 0.0 0;6 0.0 0.1 0.1 2.3 '0.2 0.0 0.0 1.1 0.4 0.7 0.0 5.8
13· 0.2 0.0 0.0 0.0 0.4 0.0 0.0 0.0 1.6 0.2 0.0 0.0 0.9 0.2 0.5 0.0 4.1
14 0.2 0.0 0.0 0.0 0.4 0.0 0.0 0.0 1..6 0.2 0.0 0.0 0.9 0.2 0.4 0.0 3.9
15 0.2 0.0 0.0 0.0 0.4 0.0 0.0 0.0 1.4 0.2 0.0 0.0 0.6 0.2 0.2 0.0 3.3
16 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 1.3 0.2 0.0 0.0 0.4 0.2 0.2 0.0 2.6
17 0.0 0.0 0.0 0.0 03 0.0 0.0 0.0 1.3 0.2 0.0 0.0 0.4 0.2 0.2 0.0 2.6 n

I

18 0.0 . 0.0 0.0 0.0 . 0.3 0.0 0.0 0.0 1.1 0.2 0.0 0.0 0.2 0.2 0.2 0.0 2.2 w
l.1l

19 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.2· 0.0 0.0 0.0 1.5
20 0.0 0.0 0.0 0.0 -0.3 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.2 0.0 0.0 0.0 1.5
21 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1
22 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.8 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 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8
24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
~5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.5

- Frequency as percent of total measurements.

------- _.- _._-
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TABLE C.9 Wind SpeedPenistence at the Weldon. Spring Site, 1985 •
!l. Frequency by Wind Speed Class·

Duration
(hours) Calm 1 mts 2-3·m/s 4-5 m/s . 6-8 m/s, 9-11 m/s >11 m/s . .Total

1 0.5 22.9 51.8. 20.8 3.8 0.2 0.0 100.0
2 0.2 21.1 49.4 18.8 33 0.1 0.0 92.8
3 0.2 . 19.1 46.8 ' 16.7 2.6 0.1 0.0 85.5
4 0.2 17.5 43.7 14.6 2.1 0.1 0.0 78.1,.
5 0.1 16.1 40.2 12.9 1.9 0.0 0.0 71.2
6 0.1. 15.1 36.8 10.9 1.6 0.0 0.0 64.4
7 . 0.1 13.9 34.6 9.4 1.4 0.0 0.0 593
8 0.0 133 31.6 7.6 1.0 0.0 0.0 53.5
9 0.0 11.6 28.8 6.5 0.9 0.0 0.0 47.6
10 0.0 10.0 26.9 5.6 0.9 0.0 0.0 433
11 0;0 93 24.8 . 4.7 0.6 0.0 0.0 39.4
12 0.0 8.6 223 4.1 0.4 0.0 0.0 35.4
13 0.0 7.2 20.7 3.5 0.2 0.0 0.0 31.5
14 0.0 6.2 18.6 3.2 . 0.2 0.0 0.0 28.1

~. 15 0.0 5.4 16.2 . 2.7 0.2 0.0 0.0 24~4

16 0.0 5.0 143 2.7 0.2 0.0 0.0 22.2
17 0.0 3.7 13.2 2.1 0.2 0.0 0.0 193

.:
18 0.0 3.1 11.5 1.7 0.2 0.0 0.0 16.6

l·.- .'" . 19 0.0 2.9 10.4 1.7 0.2 0.0 0.0 153
20 0.0 23 10.2 1.7 0.2 0.0 0.0 14.4
21 0.0 23 9.7 1.1 0.0 0.0 0.0 13.1
22 0;0. 1.8 9.5 . 0.8 0.0 0.0 0.0 12.1
23 0.0 1.6 8.5 0.8 0.0 0.0 0.0 10.9
24 0.0 1.6 8.2 03 0.0 0.0 0.0 10.1

;;as 0.0 13 6.9 03 0.0 0.0 0.0 8.4

a Frequency as percent of total measurements.

, hours approximately 21% of the year, whereas wind speeds greater than 9 mls 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 anddeanup 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), eventhe year-

i'roUnd operation of this facility is not eXpected to impact local air quality.

C.2.3 Atmospheric Stability

The. stability of the atmosphere is defined as its tendency to resist or enhance vertical
motion or to lessen or augment existiilg 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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Atmospheric stability classes used in air quality modeling are usually estirriated 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 (oe) 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 17o/~ of the time, respectively. Stability
conditions are riot 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 oceurririg between noon and 2 p.m. Neutral
(Class D) and slightly stable (Class E) conditions were most frequent during the day and night,
respectively. .

C.2.S Mixing Height

Mixing height is the height above ground to which relatively unrestricted vertical
mixing can ~cur. When the mixing height is low just after sunrise, ground-level concentrations
of airbornecon~tsare 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, IlJ.iriois; the seasonal and annual morning and afternoon average mixing
heights for 1985 estimated from these data are presented in Figure C.8. The annual average
mixing heights for morning and afternoon are 530 and 1,170 m (1,700 and 3,800 ft), respectively.
The lowest seasonal mixing heights are 470 m (1,500 ft) for a fall morning and 790 m (2,600 it)
fora winter afternoon. .

Most of the emission sources associated with remedial action activities at the Weldon
Spring·site would be ground-level or near-ground-Ievel nonbuoyant releases, and most cleanup
activities would begin after the mixing height had been considerabiy 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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potentially play 'a signific~t role relative to stack emissions from the vitrification facility. In the
'early morning houts when the sun heats the land 'surface, the nighttim"e 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 oH~
~ treatment system is expected to efficiently control stack emissions so that releases would be very
s~. '

': C-3 METHODOLOGY FOR ESTIMATING PARTICULATE EMISSIONS

, Emissions from. the various sources of, fugitive dust at the Weldon Spring site were
. estimated on the basis of (1) the types of remedial a~tionactivities being considered, (2) PM-10
, emission factors and source definitions, and (3) the types and efficiencies of engineering controls ..;
for ~ducing emissions. Emissions were not estimated' in detail for criteria poUutants other than
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• . TABLE C.10 Diurnal Patterns of Wind Direction,. Speed, and
.. Stability Oass at the Weldon Spring Site, 1985 .

Average
Local Most Frequent Wind Speed Most Frequent
Tune Wind Direction . (m/s) Stability Oass

. Midnight S 23 Slightly stable (E)
1 a.m. S 23 Slightly stable (E)
2 a.m. S 23 Slightly stable (E)
3 a.m. S 23 Slightly stable (E)
4 a.m. S 23 Slightly stable (E)
Sa.m. S 22 Neutral (D)
6 a.m. S 22 Neutral (D)
7 a.m. S 2.5 Neutral (0)
8a.m. S 2.7 Neutral (D)
9 a.m. S 2.9 Neutral (0)
IOa.m. S 3.1 Neutral (0)
11 a.m. S 3.2 Neutral (0)
Noon S 3.4 Neutral (0)
1 p.rn. S . 3.4 . Neutral (0)
2 p.rn. S 3.4 Neutral (0)

• 3 p.rn. S 33 Neutral. (D)
4 p.rn. S 32 Neutral (D)
S p.rn. S 2.9 Neutral (0)
6p.rn. SSE 2.6 Neutral (0)
7p.rn. S 23 Neutral (0)
8p.rn. S 2.2 Slightly stable (E)
9 p.rn. S 2.2 Slightly stable (E) .
10p.m. S 23 Slightly stable (E)
11 p.m. S 2.2 Slightly stable (E)

PM-tO (e.g., for those pollu~ts 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.l.3).

•

The potential fugitive dust sources associated with cleanup activities at the site are
identified in Section C.3.t. 'Emission rates were characterized for each source area to (1) evaluate'
the activities that would cOJ:'lbibute most significantly to fugitive dust emissions, (2) support the
risk assessment for the remedial action period and the evaluation of short-tenneffectiveness 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-tO emission inventory are discussed in sections C.3.2 and C.3.3, respectively.
The estimated PM-tO emission inventories for AJtemativ~s 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.
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C.3.1 Remedial Action Activities

During the cleanup period, fugitive dust releases could result from the foUowing:

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

• Loading and unJoadingof material at each source area and at staging areas
and stockpiles;

• Transportation of waste from a contaminated area ·to a staging or treatment
area, as appropriate, with final transportation to the disposal ceU;
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• Operation oftreatment facilities, mcluding material handling, preparation,
and treatment activities at the sludge processing facility and the volume

. reduction facility;

• Dismantling of temporary facilities;

• Placement of waste in the disposal cell, including dumping, grading, and
compacting;

• Wind erosion at exposed work areas and stockpiles of contaminated soil
or uncontaminated constnlction 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 engiJ:\eering infotmation developed for site-specific cleanup activities by
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 a~ material type and thickness, moisture content, and haul distance. The following basic
assumptions have been used in the air pathway modeling for the Weldon Spring site: .

• Operating. Time: Cleanup activities for each source area would be
conducted mdependently; 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 ~f 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.

• 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 bottQm 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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• .Swell Factor: The volume of excavated material was aSsumed to increase
by 20% over the in-place volume as a' result. of natural loosening and

~·fluffing.". However, no .swell factor was applied to the sludge dredged.
from the raffinate pits because of its comparatively high water content (70

'. I

to 80% by weight).': . .'
!, I '

• ' Characteristics of Treated Milterial: Compared 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: Stockpiling would be~ to the maximum extent '
practicable, e.g.,. by optimizing and planning in advance for material needs. ,

" .

• Gate Entry: Additives for chemical.stabilization, off-site borrow material
for backfill, topsoil for seeding beds, and construction material for the cell
would be delivered to the site through existing gates, e.g., the north gate.

• 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.

•I
I
I
i
I

I

I·

, \•
• TrucJc 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/cm3; the primary haul vehicle would bean
8-m3 (10-yd3) end-dump truck.

• Miscellantous Transport: Miscellaneous, 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 activities' described above are
addressed in Sections C3.2 and C.3.3, respectively.

'.
C3.2 Emission Factors

Emission factors were estimated from standard reference sources (EPA 1985-1988, •
1989a), equipment specifications provided in the Caterpillar PerformJJnce Handbook (Caterpillar
1989), and professional engineering judgment. The conventional construction equipment that
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. .

would probably be used was identified on the basis of conceptual project planning information
(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.ll. The parameters used to estimate Wlcontrolled
emis$ions for specific cleanup operations are described in the Section C.3.2.1.

C3.2.1 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 analysis were:

. .

• 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 parti,cles under field conditions, as supported by site.
analyses (Grozescu 1991). Using a site-specific adjustment factor, a silt
content of 300/0 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 ass~d (Section 11.2.1 of AP-42).

• Moisture Coritent: The geotechnical survey also determined that the
moisture content of on-siteand off-site soil tan vary from 14 to 20% and
higher; an avemge 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).

•. 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 workerlvisitor 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 mls 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.n Uncontrolled PM-lO Emission Factors Used to Develop Emission Inventories
" .

Emission Source
EmisSion

Category EquipmentA Capacity Material Handledb Factor Unite

Chemical treatment Pug mill mixer 140 tons/hd . Soil and sludge 0.1 Ib/ton

Vitrification Fossil fuel-heated ceramic melter 200 tons/dd Soil and sludge O.023e Ib/d

Volume reduction Impact crusher (200 hp) }
Rotary shear (200 hp) Rock and structUral material' 0.017 Ib/ton

Compactor (10 hp)

Excavation Bulldozer/Caterpillar 06, [)S General 2.33' Ib/h

Bulldozer/Caterpillar D6i OS Sediment 0.70 lb/h
Front~d loader/Caterpillar 916 11 tons General 1.51 Ib/VMTS

Front~d loader/Caterpillar 936 15 tOns' . General 1.94 ' Ib/VMT"
Front~d loader/Caterpillar 966 25 tOns General 2.76 Ib/VMT

Scraping (travel mode) . Scraper/Caterpillar 613' 23 tons. Soil 1.08 Ib/VMT

~Scraper/Caterpillar 631 67 tons Soil 5.53 Ib/VMT

Oumpin~ End-dump truck/Ford FSllO General 0.0012 ·lb/ton
Sediment 0.0004 lb/ton

Grading Grader/Caterpillar 12G General 0.77 . Ib/VMT

Compaction Compactor/Raygo 400, 600 . General 1.17 Ib/h
Sediment 0.35 . Ib/h

Facility dismantlement Crane, bulldozer/Caterpillar D6 Stroctural material 0.0025 Ib/ton

Debris loading End-dwrip truck/Ford F800 Stroctural material 0.0025 Ib/ton

Debris bulldozing Bulldozer/Caterpillar D6 Stroctural material 0.75 Ib/h

•••• ••• .'



•
TABLE c.n (Cont.)

Emission Source
Category

Vehicular traffic
on unpaved road

Uncovered truckbed or
front-i!nd loader bed

Wind erosion

•
Emission

Equipment& Capacity Material Handledb Factor Unite

End-dump truck/Ford F800 10 yd3 General 2.56 Ib/VMT
Front-end loader/Caterpillar 916 11 tOns General 0.48 Ib/VMT
Front-end loader/Caterpillar 966 25 tons General 0~88 Ib/VMT
Worker/visitor vehicle Not applicable 0.99 Ib/VMT
Supply truck Fuel. lubrication oil 0.54 Ib/VMT
Supply truck Fly ash and cement 4.06 Ib/VMT
Water truck Water for dust control 1.19 Ib/VMT

.End-dump truck or front-end loader General 0.001 Ib/yd2-h

. . Not applicable General 9.84 Ib/d-acre

•

I 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 Engin~ring Group 1992), and Ford is a
product of Ford Motor Company (MK-Ferguson Company and Jacobs Engineering Group 1992).

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

e The designation Ib/ton means pounds emitted per ton of material processed; Ib/d =pounds emitted per day; the combinations of pounds (lb)
with other units are similarly defined. .

d Site-speeific design capacity.

e Refers to the controlled emission factor; an emission factor for uncontrolled operations 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.

II VMT =vehicle-miles traveled.

h Refers to dumping onto a receiving surface such as a truckbed, staging area, processing· bin, or disposal cell.

. I
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• 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 available for the St. Louis
area (from Figure 1121-1 of AP-42).

Fugitive dust is not expected to be generated by dredging 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), eDtissions from handling would essentially be insignificant.
.;_. .

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.t3. Additional parameters. related to specific material-handling
activities are also discussed. .

·C3.2.2 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 conservatively assumed to })e 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 s.ingle-value emission

factor was adopted for total suspended particulates (TSP) to provide an overall estimate of
. ' PM-tO 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 concretebatching
plant - at which material is uncontaminated ~ would certainly be applied at the chemical

'treatment facility because contaminated material would be involved.
~ . .

'J

c.3.2.3 Vitrification

The PM-tO emission factor for the vitrification process was estimated on the basis of
vendor infomlation, 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-tO emission factor, assuming that most metals would be. condensed onto particles in
the off-gas stream. An uncontrolled emiss'ion 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 materialloading/uriloading and vehicular traffic in the facility are addressed in the
following discussions. .

C3.2.4 Volume Reduction

Both on-site andoff-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 Section 8.19.2 of AP42, was used for
this analysis..

C3.2.S 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 tha~ is expected
to be used includes bulldozers, backhoes, front shovels, wheeled front-end loade~,~dscrapers.

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
mateiial that would be handled at the site is addressed in Section C3.2.1. .

.Emission factors for the excavation equipment were based on the predictive equation
for the bulldozer emission factor given in Section 8.24 of AP-42. Because similarfaetors are not
available for a backhoe or front shovel, the factors for this equipment were as~d 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~nd loader activity would
be generated by vehicle travel over unpaved surfaces. Because no emission factor is available
for front-endJoader activity, the value identified for unpaved road traffic in Section 11.2.1 of
AP42 was used, in combmation 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 8km/h
(5 mph). Emission factors for scrapers operating in the travel mode are given in Section C3.2.6.

C.3.2.6 Saaping

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 AP-42. The input parameters for this equation include the material silt content
: (Section C.3.2.1) arid 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 operations given in Section 8.24 of AP-42 was incorporated ~to this analysis..

C.3.2.7 Dumping

Dumping includes loading into an end-dump truck, unloading from the truck onto a
temporary pile, as appropriate, and unloading into the disposal cell. The e~ion factor used
for aggregate handling and storage piles was taken from Section 11.2.3 of AP-42. These·
emissions are affectedby 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 st:aI\da(d equation does not include a parameter for this component.
Thus, similar, to the· approach applied for the scraping calculations, a correction term· was

'"I incorporated for silt content; the value from bulldozer operations for overburden was used for
,,\ this analysis. '

'.,
"

C3.2.8 Grading

Grading wouldbe 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 emissionfactof for grading was taken from Section 8.24 of AP-42. The
, oilly variable for this factor is the mean grader speed, for which a value of 8 km/h (5 mph) was

'used fOf this analysis (Menlove 1991).

C.3.2.9 Compacting

Grading is typically followed by compacting, which is used to increase the weight per
uriit volume and the bearing capacity of material in ,place. An emission factor has not been
developed for this activity; therefore, the factor for this activity was asSumed to be 50% of that
for bu1ldo~s (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 emis'sion 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 treatnlent at the volume reduction facility, concrete building mater1al at the site would
be handled in chunks rather than as small particles. The following debris-related operations 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 material moisture content of 2% was used
for this analysis.

• Del1ris 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 AP-42 The emission factor for this operation
is about 10 times higher than that for dismantlefIlimt. 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

C.3.2.11 Unpaved Road Traffic

Vehicle transport .on unpaved roads"would invoive 8-m3 (10-yd3) 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 afront-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 AP-42. nus 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 ~h and cement to the sludge processing facility for chemical treatment. A lo-wheel
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water truck weighing 20 tons was as~umed to be operated at an average speed of 8 km/h .'
.(5 mph) to spray ,water on unpaved ~ul routes to control fugitive dust emissi0I1:S' .

-'¥,

C3.2.12 Uncovered Tnackbeds

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.

C3.2.13 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 5.4 mls
~, (12 mph) at the mean pile height. ,Contributions resulting from wind erosion were evaluated,
::: with a screening-level calcu1cltion (Section C.l.3.2). '
J'

c.3.3 Source Definition

Each source area associated with site cleanup activities was defined relative to pO,tential
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.l. 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 23), 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 MK-Ferguson
;1' Company and Jacobs Engineering Group (1992).

•

The emission sources addressed in this analysis can generally be defined in terms of
\

three factors: (1) the total mass of material handled, (2) the total number of activity 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 Caterpill1lr PerJormana 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 vehicie 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-Environniental
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).

C3.4 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-tO emission rate from which
average daily emission rates could be derived. The estimated uncontrolled PM-tO 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.t2; 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 slightly
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 particWate 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.S 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.t4.

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 effidencies 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.
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TABLE C.u &timateci PM-tO Fugitive t:mst Emission Inventories at the Weldon Spring Site
for Alternative 6a, Chemical StabillzationJSoUdificauonll

,

,,

•
Emission Sourceb

RfI./fiaaU Pits

Total
Uncontrolled

Emissions
(tons)

Total
Controlled
Emissions

(tons)

Estimated Peak
Controlled

Emission Rates
(Ibid) ,

Chemical stabilization/solidification at SPF
'Excavationc,d

Contaminated soil to be treated
, Other soil

Rubble
Dumping or dumping, grading, and compaction

Contaminated soil at TSA '
'. Other soil at disposal cell

Truck transport'
. Stabilized material (SPF to disposal cell)

Contaminated soil (raffinate pits to TSA)
Other soil (raffinate pits to disposal cell)
Rubble (raffinate pits to MSA debris staging areaS)
Raw material (entry gate to SPF)
Off~te borrow for backfill (entry gate to raffinate pits) ,

Backfill "
Off~te borrow
.Berm fill

Miscellaneous transport
Subtotal

Ash Pond

31 4.6 12

0.78 0.39 8.6
1.9 0.92 8.6
0.01 O.ooe 0.7

0.05 0.02 0.5
2,.3 1.2 11

45 14 35 .
7.9 2.4 52

23 7.0 65
0.12 0:04 6.0

12 3.7 9;3
12 3.6 63 ;•2.0 0.98 17
3.1 1.6 15
6.2 1.9 4.1

150 42 14d'

Soil excavation
Dumping, grading, and compaction at disposal cell
Truck transport (Ash Pond to disposal cell)·
Miscellaneous transport .
Subtotal

Frog Pond

. Soil excavation
Dumping, grading, and compaction at disposal cell
Truck transport (Frog Pond to disposal cell)
Miscellaneous transport

, Subtotal

0.19
0.24
1.7
0.14
2.3

0:04
0.08
1.2
0.10
1.5

0.09
0.12
0.52
0.04
0.77

0.04
0.06
0.37
0.03
0.49

8.8
11
48

4.0
72

5.4
8.2

53
4.4

71

. ....._ _._ - _ - .

Soil excavation
Dumping at MSA soil staging area
Truck transport (North Dump to MSA soil staging area)
Miscellaneous transport
Subtotal

0,12
0.01
1.4
0~11

1.6

0.06
0.00
0.41
0.03
0.50

8.8
0.5

61 .
5.1

15 •
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TABLE C.U (ConL)

Emission Sourceb

Soil excavation .
Dumping, grading, and a:>mpaction at disposal cell
Truck transport (South Dump to disposal cell)
Miscellaneous transport
Subtotal

Total
Uncontrolled

Emissions
(tons)

0.26
0.33
2.3
0.19
3.1

Total
Controlled
Emissions

(tons)

0.13
0.16
0.69
0.06
1.0

Estimated Peak
Controlled

Emission Rates
(IbId)

8.8
·11

46
3.8

70

TftfI1Iora,ry Storllg~ Ana. MSA Soil Stllging Ana. arul Mulch Pik

Front-end loader activity at TSA~
cOntaminated soil for treatment 15 0.36 2.3
Building and equipment debris 0.19· 0.05 1.3

Excavation
Miscellaneous soil at TSA 0.17 0.06 8.7
Soil at MSA soil staging area 1.4 0.69 13
Qear and grub material at mulch pile 0.85 0.42 13

Dumping, grading, and mmpaction at disposal cell

• Miscellaneous soil from TSA 0.12 0.06 8.8
Soil from MSA soil staging area 0.94 0.47 8.8
Clear and grub material from mulch pile 058 0.29 8.8

Front-end loader soil transport (TSA to SPF) 3.8 1.1 7.1
Truck transport

Building and equipment debris (TSA to MSA debris 7.4 2.2 . 61
staging areag)

48Miscellaneous soil (TSA to disposal cell) 1.1 0.33
Soil (MSA soil staging area to disposal cell) 6.0 1.8 34
Clear and grub material (mulch pile to disposal cell) 4.4 1.3 39

Miscellaneous transport 2.0 059 6.2 .
Subtotal 30 9.8 74

Busdt LaUs 34, 35, arul 36

•

Excavation
Dumping, grading, and a:>mpaction at disposal cell
Truck transport (lakes to disposal cell)
Grading and reClamation
Miscellaneous transport
Subtotal

0.80
0.39

11
0.11
0.76

13

0.40
0.20
3.3

·0.06
014
4.1

27
13 .

260
3.8

18
320
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TABLE C.l2 «(:onL) •
Total

Uncontrolled
Emissions

(tons)

Total
. Controlled

Emissions
(tons)

Estimated Peak
Controlled

Emission Rates
(ibId)

' ..

DismtmtkrMat 01 BuilIIiIIg, Pipes, IIJIIl Sewers'

Building dis.aWttlement
. Excavation

Soil beneath buildings
Soil around pipes and sewers .

Dumping or dumping, grading, and CX)mpaction
Building debris at MSA debris staging areaS
Soil beneath buildings at MSA soil staging area

(Phase I) .
Soil beneath buildings at disposal cell (Pha5e$ n and IIl)i
Soil' around pipes and sewers at MSA soil staging area

Truck transport
Building debris (demolition'area to MSA debris

staging areaS) .
Soil beneath buildings (demolition area to MSA

. soil staging area) (Phase I)
Soil beneath buildings (demolition area to disposal cell)

(Phases n and Ill) .-
Off-site borrow for backfill (entry gate to demolition

area)
Soil around pipes and sewers (demolition area to MSA

soil staging area)
Backfill activity

Off-site borrow for demolition areas
Nearby soil for pipes and sewers area

Miscellaneous transport
Subtotal

1.1 0.57 5.8

12 0.60 22
0.48 0.24 11

0.10 0.05 0.5
0.01 0.01 1.1

0.99 0.49 24
0.02 0.01 0.4

4.4 1.3 14

2.7 0.80 130

5.3 1.6 79

17 5.0 110 •2.8 0.83 ~

2.1 1.0 24
0.80 0.40 3.7
3.7 1.1 4.8

42 14 160. .
........................................................_ _ uu. _ ••••••• _ _ _ _._ _ .

1.0
3.7

15
4.1

24

0.41
1.5
6.1.
1.7
9.6

8.1
3.0

20
5.5

37

Volume R~ibIetion FlICili~

Operation
Dumping and grading at disposal cell

- Truck transport (volume reduction facility to disposal cell)
.. Miscellaneous transport

. 'to Subtotal._-_ _-_._._._ _-_._ _--_ __ _ _ ----_ .

ReclaMation of Rfl/fi1Ul.u Pits auf Other UclU1l&ud Ana .

Baclcfill activity 3.1 1.5 24·
Topseil emplacement

Raffinate pits area 0.98 ,0.49 16

" Fonner chemical plant area 0.72 0.36 16
Truck transport

Off-site borrow (entry gate to chemical plant area) 27 8.0 120
Topsoil (entry gate to raffinate pits area)' 6.7 2.0 64.
Topsoil (entry gate to chemical plant area) 6.3 1.9 81 •MisceUaneous transport 1.2 0.35 4.8

Subtotal 45 15- 2SO
...................__••..-•••-..u _ _ _ _ _ _ .••••:' ~_ 0 .. _ ••
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TABLE C.12 (ConL)

Total Total Estimated Peak
Uncontrolled Controlled Controlled

Emissions Emissions Emission Rates
Emission SOurce" (tons) (tons) (IbId)

Disposal Qll CDrIstnlctiDfl ad Qll C""mtg.k

Cut and fill operations 3.1 1.5 81
Foundation clay emplacement

Dumping. grading. and comp,action at disposal cell 3.9 2.0 13
Truck transport (entry gate to disposal cell) 42 12 80

Foundation gravel emplacement
i.8Front-end loader activity at CMSA 0.70 2.8

Grading and compaction at disposal cell 1.2 0.60 2.3
Truck transport (CMSA to disposal cell) 28 8.3 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 0.22 2.7
Truck transport (CMSA to disposal cell) 6.9 2.1 ~

-Clay cover and frost protection layer emplacement --
Dumping. grading. and mmpaction at disposal-cell 9.1 45 13
Truck transport (entry gate to disposal cell) 96 29 - 80

• Filter sand layer emplacement
, , 2.3Front-end loader activity at CMSA 0.95 0.24

'Dumping. grading. and compaction at disposal cell 057 0.29 2.7
Truck transport (CMSA to dIsposal cell) 8.9 2.7 25

Riprap cover emplacement
Front-end loader activity at CMSA 1.3 0.31 25
Grading and compaction at disposal cell 059 0.29 2.3
Truck transport (CMSA to disposal cell) 12 3.7 . '30

Choke rock cover emplacement
Front-end loader activity at CMSA 0.81 0.21 1.8
Dumping and grading at disposal cell 0.63 0.31 2.7
Truck transport (CMSA to disposal cell) 7.7 23 20

Miscellaneous transport 19 5.7 5.9
Subtotal 250 78 310

..._........................................__................_.-...............................................-............................................................-..................................__.__.
Total 570 170 850

•

• For the material moved more than once prior to final disposal, emission rateS are tabulated separat2Iy
according to the staged location. For example. contaminated soil surrounding underground sewer lines
would be hauled to the MSA soil staging area for temporazy 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~ categozy, and the second segment is included in the lemporary Storage Area, MSA Soil
Staging Area, and Mulch Pile- category.

b Notation: CMSA =const:ru,etion material staging area (within the MSA); MSA =material staging area;
SPF = sludge processing facility (for chemical treatment under this alternative); TSA =temporary storage
area.

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

d Includes emissions associated with dumping onto the truckbed.
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" TABLE C.U "(ConL)

• Values are listed in this table as "O.oo~ if emissions are less than 0.005, as a result of rounding.

f Includes emissions from the uncovend truckbed during' transport.

S The material would be transported to- the MSA debris staging area for treatment at the adjacent volume
reduction facility. - "

h Peak controlled emission ~tes cannot bedirectly comparect with the sum of individual emission rates
because not all activities are expected to Occur at the same time.

I These activities are expected to be perfo~ed in three phases, as appropri~te.

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

" _ :1

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

•
J

1

I
} ~

I
.~
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TABLE C.13EstimatedPM-I0 Fugitive Dust and Stack Emission Inventories at the Weldon
Spring Site for Alternative 7a, Vitrificationa"

Raffi1Ul.u Pits

Total
Uncontrolled

Emissions
(tons)

Total
Controlled
Emissions

(tons)

Estimated Peak
Controlled

Emission Rates
(Ibid)

Vitrification at SPF
Front-end loader activity at SPF
Excavationd,e "

Contaminated soil to be treated
Other soil
Rubble .

Dumping or dumping, grading, and oompaction
Vitrified material mixed with clay at disposal cell
Contaminated soil at TSA
Other soil at disposal cell

Truck transportS "
Vitrified material (SPF to disposal cell)
Clay for emplacement at disposal cell (entry gate

to disposal cell)
Contaminated soil (raffinate pits to TSA)
Other soil (raffinate pits to disposal cell)
Rubble (raffinate pits to MSA debris staging areah)
Off-site borrow for backfill (entry gate to raffinate pits)

Backfill activity
Off-site borrow
Berm fill

Miscellaneous transport
Subtotal

.c 0.02 0.1
1.5 0.23 0.6

0.78 039 8.6
1.9 0.92 8.6
0.01 O.OOf 0.7

15 0.73 2.0
0.05 0.02 05
23 1.2 11

12 35 9.2
25 0.74 2.0

7.9 2.4 52
23 6.9 64 .-,.:

0.12 0.04
"-

.6.0
12 3.6 63

2.0 0.98 17
3.1 1.6 75
6.2 1.9 4.1

76 25 1W
...............................n _ - _._ .

Ash Pond

Soil excavation
Dumping, grading, and oompaction at disposal cell
Truck transport (Ash Pond to disposal cell)
Miscellaneous transport
Subtotal

Frog Pond

Soil excavation
Dumping, grading, and compaction at dispoSal cell
Truck transport (Frog Pond to disposal cell)
Miscellaneous transport
Subtotal

0.19
0.24
1.8
0.15
2.4

0.04
0.08
1.2
0.10
15

0.09
0.12
055
0.05
0.80

0.04 "
0.06
037
0.03
0.49

8.8
11
51
4.2

75

5.4
82

53
4.4

71

•
............ -; _ - _..- _ - _ _ _ __.._-..
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TABLE C.13(ConL)

North DImtp

Soil excavation
Dumping at MSA soil staging area
Truck transport (North Dump to MSA Soil staging area)
Miscellaneous transport
Subtotal

Tatar
Uncontrolled
. Emissions

(tons)

0.12
0.01
1.4
0.11
1.6

Total
Controlled
Emissions

(tons)

0.06
·0.00
0.41
0.03
050

Estimated Peak
Controllt!d

Emission Rates
(ibId)

8.8
05

61
5.1

7S
__.~__• __••••••__••• _ ••__• __._.__••••••••_ ••••_ __•••••• _ __ _ ••••u ••••••••••__ _ ••__•••••__•••

Soil excavation
Dumping, gyading, arid compaction at disposal cell
Truck transport (South Dump to disposal cell)
Miscellaneous transport
Subtotal

0.26
0.33
2.3 .
0.19
3.1

0.13
0.16
.0.69

.0.06
1.0

8.8
11
46

3.8
70

••_ _ __ __••_ _ •••••_ n __•••__••_ _ _._._._ _ ••••••••_.

"':..

Tmrponuy Stor"ge Are.. MSA Soil Suging An.. II1Ul Mulch Pile

Front-end loader activity at TSAe •Contaminated soil for treatment 1.9 0.47 0.7
Building and equipment debris 0.19 0.05 1.3

Excavation
MisceI1aneous soil at TSA 0.17 0.06 8.7
Soil at MSA soil staging area 2.1 1.1 13
Clear and grub material at mulch pile 0.85 0.42 13

Dumping, gyading, and compaction at d;isposalcell
Miscellaneous soil :from TSA 0.12 ·0.06 8.8
Soil ffom MSA soil staging area 1.4 0.72 8.8
Clear and grub material from mulch pile 0.58 0.29 8.8

Front-end loader soil transport (TSA to SPF) 5.4 1.6 2.6
Truck transport

Building and l!Jquipment debris (TSA to MSA debris 7.4 2.2 61
staging areah)

Miscell.aileous soil (TSA to·disposal cell) 0.84 0.25 37
Soil (MSA soil staging area to disposal cell) 10 3.0 37
Clear and grub material (mulch pile to disposal cell) 4.6 1.4 42

MiScellaneous transport . 2.4 0.72 6.2
Subtotal 38 12 74................_ --:0---..__.-_.._-- __.._ ------ - -.__ _ .
BrudJ lAbs 34, 35, aut 36

...........................~ : _.._-_ _ .

Excavation .
Dumping, gyading, and mmpaction at disposal c:en
Truck transport (lakes to disposal cell) .
Grading and reclamation
Miscellaneous transport
Subtotal

0.80
0.39

11
0.11
0.77

13

··0.40
0.20
3.3
0.06
0.24
41

27
13

260
3.8

18
320
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TABLE C.13 (ConL),

Emission Sourceb

Total
Uncontrolled

EmissiQns
(tons)

, Total
Controlled
Emissions

(tons)

Estimated Peak
Controlled

Emission Rates
(ibId)

•

Dismlllltlmteftt of BariUling, Pipes, IUI4 SftDnsI

Building dismantlement
Excavation

Soil beneath buildings
Soil around pipes and sewers

Dumping or dumping, grading, and roJIipaction
Building debris at MSA debris staging areah

Soil beneath buildings at MSA soil staging area
(Phases I and Ill)

Soil beneath buildings at disposal cell (phase ll)k
Soil around pipes and sewers'at MSA soil staging area

Truck transport
Building debris (demolition area to ~SA debris staging

, ~h) ,

Soil beneath buildings (demolition area to MSA soil'
staging area) (Phases I and Ill)

Soil beneath buildings (demolition area to disposal cell)
(Phase IT)

Off-site borrow for badcfill (entry gate to demolition area)
Soil around pipes and !!ewers (demolition area toMSA

soil staging area)
Backfill activity

Off-site borrow for demolition areas
Nearby soil for pipes and sewers area

Miscellaneous transport
Subtotal '

Volume Reduditm Facility

1.1 057 5.8

1.2 0,60 22
0.48 0.24 11

0.10 0.05 05
0.03 0.02 1.1

0.49 0.25 24
0.02 0.01 0.4

4.4 1.3 14 '

5.6 1.7 130

2.8 0.83 79

17 5.0 110
2.8 0.83 38

2.1 1.0 '24
0.80 0.40 '3~7

3.7 1.1' 4.8
42 14 190

Operation
Dumping and grading at disposal cell
Truck transport (volume reduction facility to disposal cell)
Miscellaneous transport

,Subtotal

8.1
35

22
6.0

39

0.41
1.7
65
1.8

10

1.0
4.3

16
4.5

26

•

....._ _ _..:. _ ••••••••••••n ••: •••••••••_ _ _._ _ •• __•••••_ •••••• _ ••••_. •

ReclJmu&titm of Rtiffi1l4te Pits ad Other E=""aud AnllS

Backfill activity 3.1 15 24
Topsoil emplacement

Raffinate pits area 0.98 0.49 16
Former chemical.plant area o.n 0.36 16

Truck transport
Off-site borrow (entry gate to chemical plant area) 27 8.0 120
Topsoil (entry gate to rafflnate pils area) 6.7 2.0 64
Topsoil (entry gate to chemical plant area) 6.3 1.9 . 81

Miscellaneous transport 1.2 0.35 4.8
Subtotal 45 15 250

.............................._ _ ~ _ __ __ -_ -_.
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TABLE c.n (ConL) . •I
-

I
Total Total Estimated Peak

Uncontrolled Controlled Controlled
Emissions Emissions Emission Rates

Emission Sourceb (tons) (tons) (ibId)

DisposlllCell Ccm.sm.ctiori GI4 Cell c.""m~

Vitrification Cell .
Cut and fill operations 1.4 0.68 81
Borrow fill emplacement

Dumping. grading. and CXJmpaction at disposal cell 0.72 0.36 13
Truck transport (entry gate to disposal cell) 6.9 2.1 71

Filter sand layer emplacement .
Front-end loader activity at CMSA 0.09 0.02 2.3
Dumping. grading, and ~mpactionat disposal cell 0.05 . 0.03 '2.7

.Truck transport (CM?A to disposal Cell) 0.74 0.22 22
Clay CXJver and frost 'protection layer emplacement

Dumping. grading. and CXJmpaction at disPosal cell 1.1 0.56 13
Truck transport (entry gate to disposal cell) 11 3.2 11

,ft Choke rock CXJver emplacement
t- . Front-end loader activity at CMSA 0.44 0.11 1.8
.1)- Dumping and grading at disposal cell 0.34.. 0.17 .2.7
:r,. Truck transport (CMSA to disposal cell) 3.7 1.1 18

. Combination Cell •Cut and fill operations 2.5 13 81
. Foundation clay emplacement ,

Dumping. grading. and CXJmpaction at disposal cell ·2.9 1.4 J3 ,
Truck transport (entry gate to disposal cell) 32 9.6 84 <-1

Foundation gravel emplacement ,

Front-end loAder activity at CMSA . 1.0 016 .2.8
Grading and cOmpaction at disposal~ 0.44 0.22 ,,2.3
Truck transport (CMSA to disposal cell) 11 3.2 35

Foundation sand emplacement
Front-end loader activity at CMSA 0.53· ,0.14 2.3
Dumping. grading. andCXJmpaction at disposal cell 032 0.16 2.7
Truck transport (CMSA to disposal cell) 5.3 1.6 26

Clay CXJver and frost protection layer emplacement
Dumping. grading. and CXJ~pactionat disposal cell 6.7 3.4 13
Truck transport (entry gate to disposal cell) 75 23 84

Filter sand layer emplacement
Front-end loader activity at CMSA 0,68 0.18 23
Dumping. gT2Iding. andCXJmpaction at disposal cell 0.42 010 ' 2.7
Truck transport (CMSAto disposal cell) 6.8 2.0 26

Riprap cover emplacement
Front-end loader activity at CMSA 0.94 0.24 2.5
Grading and compaction at disposal cell 0.44 0.22 2.3

. Truck transport (CMSA to disposal cell) 9.9 3.0 32
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. TABLE C.13 (ConL)·

Emission Source"

Combination Cell (Cont.)
Choke rock mver emplacement

Front-end loader activity; at CMSA
Dumping and grading at disposal cell
Truck transport (CMSA to disposal cell)

Miscellaneous transport
Subtotal

. Total,

Total
Uncontrolled

Emissions
(tons)

0.59
0.46
5.9

19
210

470

. Total
Controlled
Emissions

(tons)

0.15
0.22
1.8
5.7

66

150

Estimated Peak
Controlled

Emission Rates
(IbId)

1.8
2.7

21
5.9

290

540

•

•

• For the material moved more than once prior to final disposal, emission rates are tabulated separately
acoording to the staged location. For example, contaminated soil SUII'OWlding Wlderground 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.

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

C Uncontrolled emission rates were not estimated for vitrification operations because emissions would be
controlled.'

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

e Includes emissions associated with dumping onto the truekbed.

Values are listed in .this table as "0.00" if emissions are less than 0.005, as a result of rounding.

g Includes emissions from the uncovered truckbed during transport.

h The materi~l would be transported to the MSA debris staging area for treatment at the adjacent volume
reduction facility. '

I Peak contrOlled emission rates cannot be directly compared with the sum of individual emission rates
because not all activities are expected to take place at the same time.' '

These activities are expected to be performed in three phases, as appropriate (the firSt and third phases
would be conducted con~tly).

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

Cell operations such as waste placement are addres5ed within the related source category.
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TABLE C.i4 Dust Control Measures and Estimated Effici'enciesa

Potential
Emission Source

Sludge processing facility

, Vitrification (stack emissions only)

Volume reduction facility'

Excavation, scraping, grading, and
compacting

Front-end loader travel on, around,
and between piles at the TSAand
MSA, including the CMsA

;1i~'",
-Jt- Dumping-and loading

.. Vehicle travel on unpaved roads

Truckbed or front-end loader
(bucket) transport of soU on-site

True:kbed transport of soU off-site

Vehicle travel on paved roads and
parking lo~. -

,
Material s~kpiles

i
.Dust Control Measure

. I

. Plant enclosure, wet waste form, tight. equipment seals,
and air filtrationeq'uipment _ _ .

Off",as control (e.g:, saubber and HEPA filter)

Plant enclosure with baghouse, and water sprays onto
contaminated material

Water spraying Wi~ a dedicated truck

! "
Application of a petroleum resin/chemical dust
suppressant . .

Water spraying, including the residual effect of previous
spraying

Water spraying with a dedicated truck

Water spraying

Water spraying/tight covering

Va~uuin sWeeping and pressurized water flushing

Covering(e.g., plastics and talps)

•
Control

Efficiency
('Yo)

85

99.9999 I
I

95 II

50

75

- ,
:

50
,,

70 1

~ .-
100

50

c

• Notation: TSA = temporary storage area; MSA = material staging area; CMsA = construction material
staging area; HEPA =high-efficiency-particulate-air (filter).' .

b Emission inventories weIe,not developed for these sources because total emissions would ·be negligible
compared with vehicle traffic on unpaved roads.

c _See text (Sections C.13.2 and C.3.5).

.0
I
i,
!
I

ji
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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 priInar'Y que~ch ~rubber, an acid-gas/subnrlcron
aerosol scrubber, and HEPAfilters. 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 pulveriziIlg 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
effidency 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 spraying water at areas of active excavation, scraping,
grading, and compacting was assumed to provide a dust control efficiency of 50% (much higher

.effidencies have been demonstrated, e.g., 70 to 80% and above). Dust emissions.associatedwith
front-end loader traffic on, aroUnd, and between piles at the TSA and· MSA, including the
construction material sta~g area, would.be controlled because these piles are expected to be
located near the site boundaIy. 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 t;he residual effect of previous water
spraying.and/or spraying water at points of dust generation as needed. .

. Control measures for unpaved haul roads are well documented. The most common and
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 assuined on the

.basis of a traffic volume of 30 vehicles per hour and an application rate of 0.5 L/m2

(0.11 gal/yd2) every 2 h0U!S. 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 sur~ce area), dilution
ratio (volume of chemic8I per volume of water), and application frequency (number of
applications per time period).

For emissions from truckbeds loaded with loose material, water spraying 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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, preSSurize'dwater flushing, ~hichwould ~i':n~ addi~ve impacts of dust generati~n
associated with both routine use and cleanup activiti~s. ,In addition, sealed tanker trucks could
be used to d~liver raw material to the sludge processillg' facility from off-site suppliers (e:g., for
the cheinical 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 en<?ugh to create wind erosion at the site are
not expected (SectionC.Zo21). This expectation isstipported by results of the screening~level

calculation conducted to estimate potential impacts from wind erosion on cumulative air quality.
Methods that could be used to cOl.\trol dust from storage piles at the. site include covering

~ st~iles with plastics or tarps and spraying wa~er i~il. exposed, erodible surfaces, especially
dunng dry seasons. ' . ! ,~;' ',' , '

: t. 1
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APPENDIXD:

GROUNDWATER MODELING AND ANALYSIS FOR POTENTIAL
DISPOSAL CELL FAILURE
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APPENDIX 0:

GROUNDWATER MODELING AND ANALYSIS FOR POTENTIAL
DISPOSAL CELL FAILURE

. 0.1 INTRODUCTION

Solute transport calculations 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 precipitation), and the liner failed -all
without any maintenance activities being 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.
HoweverJ 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, lea~te from a failed cell was assunied 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 ~ensional treatment of transport in the
unsaturated zone, and a ~ensional tre~tment of transport in the saturated zone. Data
limitations preclude this level of modeling; therefore, simplifying assumptions were made for
this analysis.

To provide a conServative analysis that would be consistent among the alternative
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 groWldwater flow in the unsaturated.
zone) are conservatively disregarded. Transverse dispersion in the saturated zone is accoWlted
for by assuriling complete mixing throughout the thickness of the aquifer. This assumption may
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not be conservative, but it is not unreasonable because of the length ~fthe flow paths considered
, for the receptors. ' .

The¢approach Used for this 'analysis permits a conservative, evaluation of the potential
consequences of cell failure at eaehalternative 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
,tctctors such as leachate characteristics, multidimensional flow and transport, unsaturated flow
directly beneath the point of failure, geochemical interactions during vertical and horizontal

",contaminant transport, and decay of radioactive contaminants during transport.

The following 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 con~ted,'verticallymoving water in the vadose
zone with initially uncontaminated, horizontally moving groundwater in the aquifer (for
purposes of comparison); and (3) a one-dimensio~ transport calculation to model transport'

,from a point in the aquifer directly below the disposal cell to the location of' a specified '
~hypotheti~ receptor (usually assumed to be the site boundary) in a direction consistent with,
inatural conditions for groundwater flow. To minimize uncertainty in the calculations, as much"

;csite-specific information as poSsible was incorporated into the modeling studies..

The cell was assUmed to be of similar design for each site, with a cap designed 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 saturatio~ was assumed to have resulted from

loCalized cap failure, such as cracking, and water was assumed to have subsequeqtly infiltrated"
. into the cell over time and to have been retained by the bottom liner. It was ther:t '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 conse~ences of disposal cell failure at each of the three sites.

Climatological differences between the sites were not incorporated in these calculations.
However considering differences in annual precipitation, it could take about 3 to 7 times longer
.to saturate the waste material after the cap failed, e.g., by cracking, at the two western facilities
compared with the on-site facility. The annUal precipitation at the Envirocare and Hanford
facilities is 13 and 25 em (5 and 10 in), respectively (U.S. Department of Energy (DOE] 1992c),
compared with 86 em (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 western 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 contamiIlant travel tiines to iocations tha't 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
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groundwater at. those hypothetical locations, at least under.reasonable projections of likely 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 radionuc1ides) 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 hyp~theticalreceptor locations, the current groundwater contamination
at the Weldon Spring 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. HoweverI 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, asswriing 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 aclUeve a· maximum
concentration and (2) the niaximum dimensionless contaminant concentrations (Cleo> at the
receptors as a function of time (Tomasko 1992). Because the composition and concentratiQn 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 generated 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 concentratio~ of the leachate.

0.2 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.l. 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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purposes, the phy~ical processes show~in Figure 0.1 were simplified to two one-mmensioIW
. : transport calculations (vadose and phreatic zones) and one dilution calculation at the water-table

interface (Tomasko 1992).

D.3 GOVERNING EQUATIONS

In the vadose zone, one-dimensional solute transport was calculated with the following
equation (Tomasko 1992): ..

I
J.. I...•'

.£ = ! rERFC (ZR - Vt] + eVZ/D ERFC (ZR+ Vt]~
Co 2l 2JDRt ... 2JDRt IJ

. . . '. .

(D.l)

_..!. H(t' - d~) rERFC ·(ZR - V{t - ~l)]· + eVZ/D ERFC (ZR ~ V{t - dt)]]
2 l 2JDR{l - dl) 2JDR(l. - Al)

. .
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where:

C =contammant concentration (M/L3);

Co = contaminant ~oncentrationin the leachate (MIL3);

ERFC = complementary error function;

Z ;., spatial coordinate in the vertical direction (L);

R = retardation coefficient;

v = groWldwater seepage velocity (LIt);

t = time (t);

D = dispersion coefficient (L2/t);

H = Heaviside function such that H(t - ~t) = 0 for t· < ~t, and
H(t - ~t)= 1 for t ~ ~t; and

~t = duration of; the leachate percolation (t).

(Units are represented by generic 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 simplify
the determination of potential incremental impacts to groundwater quality). The· ratio of the
contaminant concentratioI\S in the unsaturated zone to those in the saturated zone can be defined
as the dilution for the process, 01. This dilution can be expressed by the following relationship
(U.S. Environmental Pr.otection Agency 1989):

•

where:
..

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

Qv = volumetric flux in the vertical direction in the vadose zone.

(D.2)
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As discussed by TomaSko (1992), Equation 0.2 can be rewritten as:

Vd = Darcy .velocity as Vd = K~ where K = hydraulic con~uctivity

(LIt) and V =hydraulic gtadient (l/L);

T = thickness of the saturated zone (L);

I = infiltration rate (LIt);

Xl = length of the disposal cell parallel to the direction of groundwater
flow (L); and

CZ-V = effective porosity of.the vadose zone (L3/1}).

(0.3)

•

',;; Once in the unconfined aquifer, the contaminant is assumed to be transported laterally
",to the location ofthe hypothetical 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~l ...,- after replacing Z wjth Xand
'At with Atl / 2, the full width of the breakthrough curve at .the water table.at the half-maximum .
,concentration value (Tomasko 1992).

D.4 CONTAMINANT TRANSPORT CALCULATIONS

Three sets of calOJiations were performed for each of the altemative'disposal sites to
evaluate the transport of cont:aUtinants 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.

fl'

;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 (SO 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 ~ 10-8 crn/s (8.8 x 10.;,5 it/d) for a 6-m (20-it) thick overb:urden (Bognar
1991). For purposes of this study, it was assumed ,that the overburden thickness is 9 m (30 ft)
and that the saturated hydraulic conductivity is 1.0 x 10-7 cmls (2.8 x 10-4 ftld). ~se .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 \Vith Missouri
state law, which requires a minimum of 9 m (30 ft) of overburden having a conductivity of, at
most, 1.0' x 10-7 cm/s (28 x 10-4ft/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-Barres and Peaudecerf 1978) and was set to 1 m
(3 it), one-tenth of the average thickness of the overburden.

The results of dimensionless concentration calculations obtained using Equation 0.1 for
the vadose zone at the Weldon Spring site are shown in Figures 0.2 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~e 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 porosity of 004
and an infiltration velocity 'of 1.0 x 10-1 an/s (28 x 10-4 ft/d). '

- For unretarded contaminants (Figure D.2), contaminant concentrations in groundwater
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 amaximum 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 0.3 was used to assess the effects of dilution for
the Weldon Spring site. "Si~pecific parameters used in this evaluation include an arbitrary
disposal cell failure length of 60 m (200 it), 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 conductivityvalue of about 0.0044 emls (12.5 ftld) (Bechtel National 1987). For
an infiltration rate equal to the harmonic mean saturated hydrl:tulic conductivity of the composite,
overburden material, 1.0,x 10-7 crn/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 arst receptor was assumed to be located at the site boundary; the
downstream distance froD,l 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 kIn (2.5 mi) north of the disposal cell, which
corresponds with the downgradient location of additional private wells. For these three receptor
locations, the unconfined aq';rifer 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 emls (12.5 ftld). For. these conditions, the average linear
groundwater velocity (Dat!=Y. velocity divided by effective porosity) in the phreatic zone is about
0.38 mId (1.25 ftld). Oispersivity was .assumed to be 30 m (100 it) for all locations. The results
of the saturated transport calculations are shown in Figures 0.2 and 0.3; the full widths of the
contaminant pulses at the interface at the hall-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 0.5. 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 dividec:i by the dilution factor) in about 12, 58, and 540 years for retardation
values of 1, 5, and 100, respectively.

Breakthroughcurve$ at 2.4 Ian (1.5 mi) and 4.0 km (25 mi) would be similar to·those
shown-in Figures 0.4 and 9.5. At 24 kIn (1.5 mi) from the disposal cell, ,the con~ts
would teach 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 kIn (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 beca\iSe 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 it conservative estimate of the time required to reach the maximum

. . concentration at the receptor.

The results of the th,ree 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 receptodocations 300 m (1,000 ft), 2.4 km (1.5 mi), and 4.0 kIn (2.5 mi)
downgradient of the hypothetical disposal cell (Tomasko 1992); these results are presented in
Table D.1. '

D.4.2 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 10.7 cm/s
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TABLE .0.1 Summary of Disposal Cell Failure Calculations for the Weldon Spring
Site: Entire Flow Systemll

.

Time of Maximum
Maximum .Concentration Concentration at
at Location of Receptor Location of Receptor

(percent of initial concentration) (years)

Retardation 1,000 ft 1.5 mi 2.5 mi 1,000 ft 1.5 mi 2.5 mi

1 0.14 0.14 0.14 212 236 252

5 0.032 0.032 0.032 788 902 ·978

100 . 1.6 x 10-3 1.6 )( 10-3 1.6 )( 10-3 13,540 16,400 17,950

a These calculations are the combiried 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 it/d), and the silty sand has a conductivity of about 5.6 x 10.5 cm/s (0.16 it/d). An
equivalent composite overbUrden was assumed for the vadose zone calculations. 11lis composite
material has a thickness of 5.5 m (18 ft) and an equivalent, harmonic mean saturated hydraulic
conductivity of 4.3 x 10-7 anis (0.0012 ftld). Infiltration of the leachate from .thedisposal cell.
was conservatively assumed to occur Under saturated conditions, with an av.erage linear ground­
water velocity equal to the harmonic average of the saturated hydraulic conductivity of the
composite'overburden. The rate of contaminant infiltration below an equjvalent 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-Barres and
Peaudecerf 1978) and was set to 0.5 m (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 0.2.

Once the contaminated water in the unsaturated z~ne has reached the water table,
mixing would occur with 'groundwater assumed to be initially WlCont:aI1lin3ted. Mixing w~~ .
assumed to occur instantaneously and homogeneously throughout the thickness of the saturated.
zone. Equation 0.3 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;

. anda groundwater velocity of 7 m/yr (23 ft/yt) in the saturated zone (Bingham Environmental
. 1991). For an infiltration rate equal to the saturated hydraulic conductivity of the composite

overburden, 4.3 x 10-7 cm/s (5 m/yr), the dilution factor is about 8.2. •
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. .
. TABLE 0.2 . S1IJIUDUY of Disposal Cell FailUre Calculations for the
Envirocare Facility: .One-Dimensional Vadose Zonea .

Retardation

1

s

100

Maximuin Time of
Concentration 'Maximum .
at Bottom of Concentration

unSaturated Zone at Bottom of Duration at
(percent of initial Unsaturated Zone Half-Maximum

concentration) (years) (years)

7S SS 42

19 170 160

1 3,oso 3,300

•!

I
\.

I',\

I.
I.

a 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 wo~d 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, approximately 1,600 m (5,280 ft) from.the assumed location ofthe.disposal
cell.

The average linear groundwater velocity (Darcy velocity divided by effective porosity).
in the unconfined uppermost groundwater aquifer atthe Envirocare facility is about 0.019 mid
(0.062 ftld). A scale-dependent dispersivity (Lallemand-Bclrres and Peaudecerf 1978).,was
assumed for the lateral transport calculations; a dispersivity value of 31 m (100ft) (Freeze and
Cherry 1979}was used to produce conservative breakthrough concen~tioncurves. The results
for a receptor located at a distance of 1,600 m (5~ ft) from the disposal cell'are given in
Table 0.3.

The results of the three separate calculations (overburden, dilution, and saturated lateral
flow) were combined to obtain values for the entire flow system ~ Le., 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 results are presented in Table.D.4.· .

,0.4.3 HUUord Facility near Richland, Washington

The vadose zone in the vicinity of the disposal cell site evaluated at the Hanford facility
(i.e., 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 mid (250 ftl d). Infiltration
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TABLE 0.3 Summary of Disposal Cell Failure Calculations
for the Envirocare Facility: One-OimensionalPhreatic Zonea

Maximum
Concentration at Tune of Maximum

Location of Receptor!' Concentration at
(percent of initial Location of Receptor!'

Retardation concentration) . (years)

1 38 240

5 29 1,160

100 30 23,500

a 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 0.4 Summary of Disposal Cell Failure Calculations
for theEnVirocare Facility: Entire Flow Systema

Maximum
Concentration at Tune of Maximum

Location of Receptor!' Concentration at
(percent of initial Location of Receptor!'

Retardation concentration) (years)

1 3.3 272

5 0.62 1,270

100 0.033 25,360

a 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 ~umed to be located 5,280 ft from the
. disposal cell.
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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 sat1irated hydraulic conductivity. aecause of. the highly
transmissive sands and gravels beneath the footprint of an equivalent disposal cell at Hanford,
the leachate emptying time following ,cell failure was 1.7 x 104 years co~paredwith 150 years
at the Weldon Spring- site., Although the high value of the saturated hydraulicconductlvity
results in an extremely short and overly conservative emptying time,~ 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-Barres and Peaudecerf 1978) and was set equal to 3 m (10 £t), one-tenth
of the average thickness of the vadose zone. The results of dimensionless contaminant
concentration calculations for the vadose zone are summarized in Table 0.5.

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 03 was used to assess the effects of dilution for the Hanford 200-West Area.
Site-spediic parameters used in this evaluation include an arbitrary cUsposal cell failure length

Jof 60 m (200 ft), parallel to the direCtion of groundwater flow; an unsat1irated zone effective
porosity of 03; a sat1irated thickness of 60 m (200 £t); a sat1irated zone ~tive porosity of 0.2;
and a groundwater velocity of 1,100 m/yr (3,650 £t/yr) in the saturated ~ne (Pacific Northwest
Laboratory 1989). The results of the dilution calculations indicate that, for _an infiltration rate of
0.09 anls (250 £tId), the dilution factor would be about 1.0 - i.e., there.~ no dilution

:. Once the contaminants have mixed with the groundwater in. the sat1irated zone,
migration to the location of the, receptor is assumed to follow natural flow lines, which are

TABLE DoS Swnmary of Disposal Cell Failure Calculations for the
Hanford 2OG-West Area: One-Dimensional Vadose Zonea .

•I

•

a These calculations include only the vertical flow component thrOugh the
vadose (unsaturated) zone.

.,.'

Maximum Time of
Concentration Maximum
at Bottom of Concentration

Unsaturated Zone at Bottom of Duration 'at
(percent of initial Unsaturated Zone Half-~um

.Retardation concentration) (years) (years)

1 17 '9.0 x 10"" 9.5 )( 10""

5 3.5 4.2 x 10,3 4.5)( 10,3

100 0.17 0.08 0.09

.:,
i
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predominantly horizontal and to the northeast (Pacific Northwest Laboratory 1989). One
hypothetical receptor was co~idered for Hanford. This receptor was assumed to be located at
the site bOWldaryapproximately 13.7 km (44,800 ft) from the 200-West Area.

.,

The average linear groWldwater velocity (Darcy velocity divided by effective porosity)
in the Hanford Formation is about 1,100 m/yr (3,650 ft/yr). A scalHiependent dispersivity
(La1lemand-BaiTes 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 0.6.

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 0.7.

D.S COMPARISON OF ALTERNATIVE DISPOSAL LOCATIONS

Peak contaminant breakthrough conceiltrations 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 0.8.

• The maximum contaminant concentrations reached'atthe water table as a function of
retardation for the three alternative disposal sites are compared in Figure 0.6. From this
simplified analysis, the lowest peak concentration would occur at the Hanford facility 3nd 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. retardation values, the differences become
small as the concentrations approach zero.

Breakthrough times for the maximum concentrations at the water table are compared
in Figure 0.7. 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
Wli!ldon Spring site would· be longest because of the assumed thickness of the overburden and
its assumed low saturated hydraulic conductivity.. Br:eakthrough 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.

I
.1

•
The. maximum contaminant concentrations at the receptor locations are compared in

Figure 0.8. 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-Dimensional
Phreatic Zonea

'. Maximum
Concentration at TuneofM~~

LoCation of Receptor!' Concentration at

Retardation
(percent of initial Location of Receptor!'

concentration) (years)

1 0.045 12

5 ' 0.044 61

100 0.044 ' 1,220

a These calculations include oriIy the lateral flow component
through the phreatic (saturated) zone.

b The receptor,was assumed to be located 44,800 ft from the
disposal' cell. "

TABLE D.7 SummarY of Disposal Cell Failure CalculatiON
,for the Hanford 200-West Area: Entire Flow Systema

;-. Maximum'
Concentration at Time of Maximum

Location of Receptor!' : Concentration at
(percent of initial Location of Receptor!'

Retardation concentration) (years)

1 ' 7.7 x to-3 12

5 1.5 x 10-3 61

100 ' 7.6 x 10-5 1,220

a These calculations are the combined results of three separate
calcti.lations: 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 44,800 ft from the
disposal cell.

•

•
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TABLE 0.8 Summary of Physical Parameters for Calculations

Envirocare : Hanford
Zone/Parameter' Uni~ Weld~nSpring Site Facility . . Facility·

VadOse Zone
1hickness m 9 5.5 30
Infiltration cm/s 1.0 x 10-7 . 43 x 10-7 0.09
Duration yr 150 35 1.7.x.l0-4
Effective porosity - 03 03 03
Dispersivity m 1 O:s ~.

Phreatic Zone
Thickness m 8 13 ,60
Effective porosity 0.2 '0.2 0.2
Hydraulic conductivity cm/s 0.0044 ' 0.015 0.088
Distance to receptor mi 0.2, 1.5, or 2.5 1.0 8.5
Dispersivity m 30 30 30
Hydraulic gradient 0.02 0.0003 0.008 .

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

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

Breakthrough tUnes .for the maximum concentrations at the receptor locations· are
compared in Figure 0.9; 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 kIn [44,800 ft», travel tlmeswould be
much less than those of the other two sites because of the very high hydraulic 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.. U extensive site-specific data had been
available to support the use of a more detailed modeling approach, itis 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 fOf 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 implemented 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 being 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 thatwould be removed rather than environmental media that
would retriain.) 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~d to assess the performance of remedial action alternatives for the site against two key
evaluation factors: (1) compliance with applicable or relevant and appropriate reqw.rements
(ARARs) and (2) long-term effectiveness, e.g., relative to the magnitude and nature of residual
risk. lbat 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 opti0IlS. 'This •.
information was also used to focus the remaining cleanup decisions for the site.

E.l 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 o.f the SA (DOE 1992a).The three phases are as follows:

• The first asseS$ment - the SA --. evaluated potential health and environ­
mental effects for the site as 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 th~

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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'Cl!'~ operation of temporary storage and staging areas, i.e., the temporary
storage area (TS~) 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 operation
of a water treatment plant for surface water in the raffinate pits and other
site impoundments. AS P.art of this assessment, iuipacts 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
urut -will evaluate the site as it will exist after implementing the cleanup
decisions determined from this remedial investigation/feasibility study­
environmental impact statement (Rl/F5-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
qeatment facilities, and completion of waste disposal.

;~iEachp~ 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 activities - 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 analysis.
assumes that institutional controls are retained, and it assesses changes in overall health e,ffects ,

. 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 ~e long-term.
assessment, the interim site conditions were assumed to extend into the long-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
cRI/F5-ElS. Therefore, in addition to providing information to support the development of soil
I cleanup criteria, the long-term assessment must evaluate impacts that might occur if no further
cleanup actions were ~n 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 contaniination
- e.g., the raffinate pits, TSA, and MSA - in order to focus on the development of cleanup
criteria for soil. The hypothetical 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 th~ same receptors that were addressed in the SA; 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 lopg-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 configuration are discussed in Section'E.4; this analysis is
primarily quantitative. .

Background info~tionon the site is summarized in Section 1.3 o( this FSand is
presented in considerablede~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, respectively, of the BA. Because the methodologies used for the exposure
assessment, toxidty 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 ~sessmentupdates conditions evaluated for the short-term assessment
. in the BA and presents a qualitative comparison of potential impacts associated .W!th new site
conditions. The impac~ presented in environmental documents for the individual interim
actions were used for this comparative analysis. Under the reasonable scenario that assumes
institutiorlaI 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 cu:e dismantled, and the resulting debris is in controlled'
storage at the MSA (which consists of several staging areas· and, for
purpo~ of this assessment, is considered to include the asbestos contain~r

staging area); and

• The site water treatment plant is operational.

This analysis of: ~terim 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 (including.tl1E~:new f~cilities).and the resulting impact on total health •
effects relative to those estimated in the SA are discussed for these receptors in SectiOI,lS E.2.1
through E.2.3, . . .,. .

'fl!.' :~

E.2.1 On-Site Maintenance .Worker

The exposure pathways~~ in the.BA for the on~ite mamtenance 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 SA. Those

. areas of the site covered by the MsA, TSA, and water treatment pLant would no longer be
accessible so related' exposures woUld riot be relevant. However, this is not expected to affect
estimated health effects because contaminant concentrations in soil at the'Se areas are genenilly
similar to those in other areas of the site.' .

External gamma irradiation would be the primary exposure pathway during mainte­
nance activities at the MSA and TSAbecause 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 distartce from the source: Exposures..~, .

,.;at the MSA are expected to be inSignificant because the level of radioactiVity assOciated with
:{~stn.icturaldebris and other material that would be stored there is generally low and the time
.. required to conduct maintenance activities would be·limited. In contrast~levelsof radioactivity
'. associated with'certain quarry material at the TSA would be high.

. .The sc~ning-Ievelrisk for a worker involved in maintenance activities for quarry waste
.. stored at the TSA was estimated to be8 x 10-s 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 operations 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 10~ 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
)workerfrom sitewide external gamma irradiation under baseline conditions. Combined with
.the risk from exposures tositewide sail and air over the 40 hours per year, the total risk for the
additional worker would be about 1 x 10""' over a lo-year period. ••
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Ins~ry, 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 maintairiing the perimeter fence, is not expected. to also
conduct the maintenance activities at the new facilities because the routine maintenance activities
are assumed to req¢re 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 maintairi the
interim storage areas would slightly increase the total risk for the combined work force.
However, the potential risksJor these workers are expected to be generally similar under both
baseline 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 SA - 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% ofthe 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 raffinatepits, 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,expo~sestimated
in the SA 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 raHinate pits would no longer occur
under new site conditions, potential impacts to the trespasser would only be associated with
exposures 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 SA for combined exposures, i.e., 2 x 10.0 and 2 x 10-7, respectively. In
addition, the estimated hazard index would be much less than 1, so no noncarcinogenic effects
would be eXpeCted under the inte~ 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 SA. 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



, treatment plant that is being 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
,~atment p~t, 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 schedule for the recent pipeline modification
.<Section 1.5.1.4). 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 lo-year operational period projected for the plant. Results would be
·expected to bound potential impacts associated with a shorter-term release.

Exposure assumptions identified for the off-site recreational visitor in the BA were used
to estimate the risk associated with ingesting treatment plant effluent from the Southeast'
Drainage. 1bat 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. Residualleve1s
in the treated water were developed for the key contaminants in <:onjlinction with the state of

· Missouri as part of the decision-making process for the. interim action. For this analysis,
, contaminants were aSsumed to be p~sent in the effluent at their established limits, and it was

-".,assumed that the effluent was ingested directly, i.e., without mixing with other flows in the
,!:~drainage. " " ,

•

~;::

.' To be conservative, it was assumed that uranium and radium wotild aJ~aysbe present,
'", in the effluent at their full discharge limits of 100 pCi/L for total uranium and 5 pCi/L for ".'

.;.. radium-226 and radium-228 combined (MacDonellet aL'1990). The radiological risk estimated
for directly ingesting effluent from the drainage over the entire discharge period is 8 x 10-7•

, Most of this risk is attributable to uranium; radium contributes less than 20%. The risk from
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 10.0). A time-adjustment factor was applied to account for the fraction of the total exposure
pe~od assumed for the BA (30 years) during which effluent wouid be d.iScharged (10 years).

As a screening-level estimate, results for the effluent analysis were combined 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 10-0; this value is about 20% higher than the baseline estimate
ii 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 "Yater and incidental ingestion of sediment under baseline conditions
.' (2 x 10-4) for two reasons. Fmt, 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 thi$ individual. In summary, overall radiological risks
; to the off-site ~ational visitor under new site conditions are expected to be comparable to
, those presented in the BA.

, '

The chemical risk associated with ingesting treatment plant effluent from the Southeast •
Drainage was estimated with the same conservative assumptio~ 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 watertreabnent p~t 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 to-year operational period of the plant is about 4 x 10~, which is about 10 times higher than
that identified for ingesting ~urface 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 site
conditions.

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 treabnent 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 x10~. Therefore, chemical risks for an off-site
recreational visitor at the Southeast Drainage could iricrease 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 Drainage within the next several

·years "w} be used to refine this preliminary asSessment.

·E.3 LONG-TERM ASSESSMENT OF THE INTERIM SITECONFIGURATION

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) artd 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 commimient 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 estin}ated health· impacts for this analysis are
generally similar to those presented in -the BA~d summarized' in Section 1.6 of this' FS.
However, some adjusbnents were made to ~flect new site featUres; that is, exposures inside
buildings were excluded because the buildings would have been dismantled and exposures
asSociated~th 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 flom 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 buildings alone accounted for the hazard index.a~ove 1 for this

.. receptor.
:,"..

9verall health effects associated with exposure to site ~il could increase above those
.. presented in the BA as a result of access~ility 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 matenaI
· stored at the 5.4-ha (l3-acre) TSA location would remam 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). Although specific contaminant levels are not yet lm0wn,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 concen~tionswould be lower if the material were dispersed.

The radiological and chemical risks estimated for a trespasser in the previous quarry
assessment were 9 x 10"5 and 4 x 10-5, respeCtively, assuriling a plausible maximum exposure
of 4 hours per visit and 50 visits pet year for 10 years. In addition, the hazard index exceeded 1,
so' 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 3O-year exposure period, the radiological and chemical

· risks would be about 2 x l(rs and 1 x 10.5, respectively, but noncarcinogenic effects could still
"be indicated. .

Overall health effects associated with the MSA are not expected to increase above those .
estimated in the SA 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 s\.lch as PCB-<:ontaminated 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. &cause exposures are generally expected to be less than those conservatively
estimated for baseline condi~ons,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
material.

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 summary, the changes associated with interim site conditions are expected to
balance each other so that overall impacts to the recreational visitor would be generaUy ~imilar

to those presented in the BA.

E.4.1 Exposure Assessment .

E.4.1.1 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 i.rriIdiation, 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 varic)\.1;s receptors are identified in Table E.l: This •
table also shows the basis Jor. the exposure point concentrations used in this analysis, which are

·discussed in Section E.4.1.3: .~

For the soU redistribution scenario, the contaminants were assumed to be mixed during
excavation, stockpillilg, and redistribution on the surface such that the new surface would

:'contain the average concentrations in the 3 m (10 tt) of soil assumed to be excavated for a
- .basement. Exposures of the resident to this new surface soU were evaluated with weighted

"For readability, all tables are presented in sequence at the end of the text and figures in this appendix. •
Because values were rounded to one and two significant figures (for the estimated health effects and .
intakes, respectively), sununations within tables will not be exact.



£-13

• .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 E.4.2. This information was used to identify areas of subsurface contamination that
might contribute to health impacts under possible future conditions, so they could be factored
into the comprehensive cleanup decisions for the site.

E.4.1.2 Scenario-Specific Assumptions and Intake Parameters

...

•

•

The scenario assumptions and intake parameters used to estimat~ 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 describ~d in Table 3.3 and Section 3.4.2 of that docurilent), the supporting
rationale is not repeated here. The rationale for selecting values' for the three new receptors is
included in the following 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 exposure duration is the total number of years
over which exposure occurs; For this assessment, the time allotted to irldoor and outdoor
activities is important ·for certain ·exposure pathways, such as inhalation of radon and external
gamma irradiation, because iitdoorand 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 l1.0urs 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 fanner; separate inhalation rates were developed for indoor and outdoor exposures
because an:- concentrations of particulates and radon will differ (Section E.4.1.3). The default.
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··value of 20 m3Iworkday(2.5m3Ill) provided by the EPA (1991a) is considered to be the •
"reasonable mclximwn exposure" for a worker engaged in heavy outdoor activities such as
constructiomor 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 inl'labltion rate was estimated to be Im3/h (EPA
"1989a). The ranger Was assumed to spend the en~workday within the area impacted by site
contamination. This assumption is expected to overestimate .potential exposures and risks
,because the site representS only a spWl 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 vaiue of 20 m~I d was used for the resident's inhalation rate;
this -value represents a combined value for indoor and outdoor residential activities. On the
bas~ of reasonable activity pattemsand related inhalation rates for a resident, the inhalation rate

. derived for indoor exposures was 0.8 m3/h and that for. outdoor exposures was 1.6 m3/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 for a typical re~ident; therefore, the EPA-recommended value
(,of 2.5 m3/h for a worker involved in heavy activities was used to assess the farmer's outdoor

inhalation exposures. .

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 dgarettes) or iritentionally{by.·

_ I pica). Pica behavior is generally associated with young children (1 to 6 years old) and refers. to
~'an abnornlal ingestion of soil (from Ito 109 per day) additional to soil that all children
• inadvertently ingest as part of nonnal Jrlouthing behavior (about 0.2 gper day). Although
. studies are limited, EPA guidance indicates that the incidence of pica behavior ,in the· normal

population is extremely low, so this behavior is not explicitly addressed in a .risk assessment
(EPA 1989a)~ .

I

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

_following values: (1) 50 mgld fOf a worker at a commercla1 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 mgld for all other ages (Le.; for the
." remaining years, with an average body weight of 70 kg).

.Considering the nature of a ranger's activities compared with those of a worker at a
. commercial or indUstrial setting, the rate of soil ingestion was increased to 126 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 theBA).A value of 180 mg/d was used for the farmer
: .because higher exposures would be expected from farming activities. This value was estimated

with the same general assumptions used for the ranger and recreational visitor. for this L
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
r resident was 2L/d, which is the standard default value recorrunended by the EPA (1991a). The

drinking water source was assumed to be an on-site 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 thefarmer are bounded by the location-specific resident analysis.
(The groundwater analysis 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 groundwateroperabIeuitit.)

•

. "

•

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 gld,
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 information is presented in Section 3.4.2.5 and Table 3.4

.of the BA. .
',,:

Body Weight. . The value for body weight w~ 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 3O-year exposure period (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 ~ exposure duration of ~ 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 3O-year period, averaged over a lifetime of 70 years (25,550 days). The lifetime
average was used to ca.lcWate 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.
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E.4.1.3. Exposure Point Concentrations and Estimates of Contaminant Intakes
. ,

As appropriate to the scenario and route of exposure, the exposure point concentrations
of cont:aminants 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 ~s> for all
surface measurements. The location-sPecific approach used the concentrations associated with
each bore~ole, assuming that a resident could live at any one of the sampling locations.. The
farmer-area approach consisted of two methods: fqr chemical contaminan~, the U4s values of

.the arithmetic average from borehole measurements in· the Ash Pond area (Figure E.t·) were
~used. 1his 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 23 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 thorium in this assessment were determined from the values for

•.uranium.),.- -
The sitewide approach was applied 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 boreJ:1ole locations, so au relevant exposure .
pathways were assessed for the ranger and the resident at each individual location: From the

. spatial distribution of the boreholes, these 10catiQns typically represent 0.1 to 0~2 ha (0.25 to .
0.5 acre)..

Because mo~ space is required for a family farm than for a typical residence, an area
approa~ rather. than a lotation-specific approach, was Used '-for the farmer analysis. An area
of 1 ha (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 (lo-acre) Ash Pond'area was evaluated for the family~ scenario because this
)ocation is' the most radioactively contaminate'd and also contains most of the. chemical
,contaminants of concern. The bases for the exposure poiht concentrations used for each,receptor
.and pathway are shown in Table E~l. . .

For the analyses of futuI'eland-use scenarios, contaIninant levels in soil were assumed
.:to be similar to those under current conditions. Because processing operations have long since
.,ceasedat the site, this is expected to be a reasonable butconservative asswnption for estimating
exposure point concentrations, with one exception. The concentrations of some radionuclides
could increase as a result of ingrowth over a fufure time period that ex.tends to thousands of

·For readability, all'figures are presented in sequence at the end of the text of this appendix.

I
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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. nus factor was considered in developing cleanup criteria
for site soil. In general, the le~els of other soil contaminants would be expected to decrease over
time as a result of natural .processes such as' erosion, abnospheric deposition hom
uncontaminated sources, and biodegradation (for orgariic 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
arid.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 contaIJ'liruition 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 B.3. The exposure point concentrationS, chemical
intakes, and risks and hat.ard quotients for the respective median locations for chemical
contaminants. are given in Tables E.4 and E.5. The exposure point concentrcltions, doses, and
intakes estimated for the' farmer from ingestion of homegrown food are presented in Tables E.6
and E.7. The results ofthe artalyses for all receptors considering all relevant locations - i.e., the
estimated carcinogenic ris~ 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 ~diation. 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. Airborne 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 originatU:'g from
contaminated soil. On the basis of these assumptions, the concentration of respirable particulates
from contaminated soil was estimated to be 0.025 mg/m3 (Section 3.3.4 of the BA). nus estimate
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was combined .with the~ontaminant 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 airbome•particulates other than those resulting from the radioactive decay of radon gas
(which were estimated separately) are derived from outdoor airborne particulates (Stem 1976;

·Ozkaynak 1991). . .

The sitewide~5 for each contaminant in. surface soil was used to calcUlate airborne
con~t 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 imalysis was based on the aSsumption that airborne contaminants originated

from the soil at each discrete sampling location as a result of dust-generatingactivities. The
methodology for deriving the soil concentrations uSed to estiIriate 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 indoor and outdoor air were esmnated with Equations 3.15 and 3.16, respectively, from 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 ~S>. in

surface soil, as described in Section 3.3.4 of the BA The exposure point concentrations for
radon-222 and i~ short-lived decay products iri. indoot' air were determined by estimating the'

. ;;amount of radon gas that ~ould 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 produe.ts in units of working

· level (WL) were estimated for the ranger, resident, and farmer with a conversion factor of
· 0.0041wL per pCi/g of radium-226in surrounding soil (Gilbert et al. 1983). The doses from
exposure to indoor and outdoor radon were estiIrulted 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 radoIt

. .

Sources other than subsurface soil could also 'contribute to indoor radon, such as
volatilization from well water used by a resident .. Water sources are estimated to contribute'
~approximately1 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 wate.r 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 ~. 1985).
Elevated concentrations of radium-226 have not been detected in gro~dwaterof 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 (Longtin 1990)~ .
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.• From this information, the contribution to" total indoor radon associated with"
yolatilization Jro~ 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 Ingesthm of SoU and Dust. For the ingestion of outdoor soU 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 ingestion 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 3O-year period, as described

"in Section E.4.1.2. "

Ingestion of Fish and Game. The methodology and assumptions for ingestion of fish
and game are describediri 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 Fnlits 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 contamiIlant 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 irigestion 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, assuming that all of the
homegrown food ingested would be from the contaminated Ash Pond area. "

Ingestion of Beef and Dairy Products. The methodology and assumptions used to
estimclte 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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. .

·concentratio~ (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.' '

Ingestion and Inhalation of Groundwat~rContaminants. 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 measmed ..concentrations from monitoring wells completed :in. the shallow..
(Burlington-Keokuk Lim~stone) aquifer. (Contaminants with a very low detection frequency.,
could not be appropriately contoured; the available averagesare discussed iri Appendix B of·the
BA.) The concentration contours were then correlated with appropriate soil boreholes to estimate, .....
concentrations for the 1000tlon-speeific analyses.

To evaluate exposures associated with potential groundwater contamination in the long-
:" term future, exPosure point concentrations were predicted by modeling the leaching of

contamiriants from soil to groundwater. This modeling approach was applied because current
contaminants would be transported away from ~e 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 leac:hiI\g would reduce contaminant concentrations

· in soil, for conservatism this,reduction was not considered in asse~~g the soil-related pathways
for the future land-use" scenarios.) The sitewide surface~5 values were evaluated for
inorganic contaminants to provid~ a general indication. for the site as a whole relative to
potential future groundwater contamination. Lea$ing predictions -were not determined on the

· basis of sitewide U~5 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 ~dication of potential impactS 'for organic compounds at the individual
contaminated 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 nlaximum meastued soil concentration
(surface or' substuface) .was used for each of the organic contaminants of concern. For'
comparison, leaching was also modeled for the 3O-ha (70-acre) off-site background location with
U~5 values for chemicals and average concentrations for radionudides in local soil.

•
\
i

]

•

, ..•Leaching of soil contaminants to groundwater was estimated by coupling calculations
for the unsaturated and saturated zones 'and accounting for a site-esti.truited infiltration rate, the .
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lateral extent of contaminated soil, horizontal and vertical flow rates, and an aquifer dilution
factor. Two different values were used for the rate of irifiltration through site soil. A value of
5 em/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 Oones 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 concentrations in
groundwater from soil leaching are as follows:·

(E.1) .

•
where:

<=Wi = concentration of contaminant i in groundwater (pCi/L for radio­
nuclides, mg/L for chemicals);

Csi . = soil concen~ationof contaminant i (pCiI g for radionuclides, mglg
for chemic:alS); .

Kd '= distribution coefficient for contaminant i (LIg); and

Of = dilution factor between the unsatUrated and saturated zones
(unitless).

The dilution factor is determined from the relationship:

(E.2)

•

where:

Vd = 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 (em/yr);·
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Xl = . length o( the .contaminated zone parallel to the direction of
groundwater flow (m); and.

«I»v' = effective porosity of the unsaturated zone (m3/m3).

The Darcy velocity in the saturated zone is determined from the ,relationship' Vd =K x Vb.'
where K =hydraulic conductivity of the saturated zone (em/s) and~ =hydraulic gradient of
the saturated zone (m/m). . I.

For these preliminary calculations, the ~ckne~s of the unconfined, saturated aquifer
was assumed to be 7.6 m (25 ft); a value of 3.8 mid (125 ft.1 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 in4ividual
boreholes for the off-site background location. The Kd values were estimated from site-specific
information and from the literature; these values are listed inTable E.l of the BA.

The groundwater concentrations estimated from these ~alculations are conservative
.. 'because the level of soil contamination was ncrtassumed to decrease over time and .the .

concentration in the aquifer was identified for a pomt 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 oi sorption. The concentration in the' saturated aquifer was approximated by

"assuming that the contaminated water would mix instantaneously and homogeneously with
"1'. uncontaminated groundwater. .

The leaching calculations are independent of time and simply indicate the concentration
in groundwater that mighteventualIy 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 hydiogeological 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 velocity occurring as a result of sorption

-¥ processes along the flow path. .

The predicted exposure pOint concentrations of radioactive and chemical contaminants
.in groundwater from soil'leachirig were used to calcuiate tritakes. from ingestion of drinking' .

':. water. The intakes were estimated with Equations .3.12 and 3.13 of the BA, and the risks and
hazard indexes estimated. from this intake are discussed in Section E.4.2

••

In conjunction with estimating the leaching of radionuclides from soil to groundwater,
the amount of radon in groundwater that could result' from leaching was also assessed. This .,'
groundwater con.~entration was calCulated by adding the estimated (leached) concentration of
radiwn-226 in groUndwater (assuming secular equilibrium) with the concentrationof radon-222
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• in groundwater produced from radiurn-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 concentra,tion of radium-226 in soil at the soil-water interface
would be equal to the concentration of radiuin-226 in the contaminated zone from which it had
leached. The equilibrium radon concentration in the pore space was calculated as follows:

where:

(C;Ra x p x E)
CRn = ,P

CRn = equilibrium concentration of radon-222 in the pore space
(pCi/cm3);

CRa = concentration of radium-226 in soil (pCi/g);

p = bulk density of soil (assumed to be 1.9 g/cm3);

(E.3)

•

•

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 ~,

equilibrium concentration of radon in the soil pore space by the dilution factor, used in
Equation E.1. nus methodology for cakula~g the amount of radon in groundwater is very
conservative and is intended as only a preliIDinary estimate. This estimate will be further
refined in the forthcoming documentation for the groundwater operable unit, after additional
information on sUbsurface characteristics and groundwater quality becomes available.

The predicted 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 E.4.21.

Other than radon gas, the preliminary assessment for groundwater does not address the
release of contaminants toindoor 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).

E.4.2 Characterization of Health Effects

Carcinogenic 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 ~r 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 tipper bound lifetime cancer
risk of between' 1 x 10~ (1 in 1 million) and 1 x~lO-4 (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. Identifyirig a risk as

'"being within this range does not exclude it from further consideration. relative to forthcoining
·"'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 arid 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 generiU, a lUizard quotient or an endpoint-specific

· hazard index greater than 1 indica,tes the potential. for noncarcinogenic health effects.
. Conversely, a level of i or less is considered 'to indicate a nonhazardouS situation.

.~, The methodology used to characterize @diologiCaI 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 radiological and chemical analyses in Sections E.4.2.1 andE.4.2.2 of this
·... appendix.

•E.Ut .Radiological Risks

. 'I'he . radiological .. risks from· exterrlaI 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.I0. Of the
three soil-related exposures, inhalation poses the greatest risk to each receptor; essentially all of
the inhalation risk comes from radon-222 decay products. The. incremental inhalation risks for
the recreational visitor and .farIner are 5 x 10-5 and 1 x 10-2• The incremental risk for the ranger
varies from 5 x 10-' to 1 x 10-2, with a median of 5 x 10-4; and that for the resident ranges from
6 x 10-7 to 8 x 10-2, with a median of ~ x 10-5. (Because outdoor exposures for the ranger are

'~ estimated on a sitewide basis and tend to be much higher than the location-specific risks at most
.. locations, the median value and the low end of the range are comparable.)
~ .

.Only the inhalation risk for the recreational visitor is within EPA's target range because
·an 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 arid 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

· rado~-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

I
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soil were either measured or derived from the radiological source term analysis. 11lese risks are
probably overestimated by at least a factor of 2 because the conservatively biased source term
arialysis was used to derive radium concentrations at about 70% of the borehole locations (see
Section 5.23.1 of the BA).

For the ranger, outdoor radon is the major contributor to the inhalation risk because
outdoor exposures were calculated from the sitewide ~s 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 10-4. This risk is alSo probably
overestimated by a factor of 2 or more as a result of the biased sampling 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 natui'ally occurring levels of radon. For example, the
EPA has estimated that the lifetime risk from inhaling background levels of radon-222.andits "

. short-lived decay products is about 1 x 10-2 (EPA 1989c). The risks estimated fqr the recreational
visitor~ ranger, resident, and farmer from radon inhalation can be compared with the risk fram
exposure to ambient levels by using the same exposure assumptions with the background value
of 1.2 pCiIg for radium-226; the risks associated with inhalation of radon· at a background
location are 5 x 1~ for the recreational visitor, 3 x 10"" for the ranger, and 2 x 10-3 for both the
resident and farmer. .

The total risks from inddental 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 10-4, respectively; these
values alSo re~resent the incremental risks for ~ose receptors. For the ranger, the total ingestion
risk is 9 x 10· , and the incremental risk is 8 x 10-5. The total risk for the resident ranges from
5 x 10-1 to 3 x 1003, with a median of 1 x 10-5; the incremental risk ranges from 0 (background)
to 3 x io·3. AltholJ.gh the total and incremental risks for the recreational visitor and ranger are
less than 1 x 10-4, the incremental risks exceed this level for the farmer at the Ash Pond area and
for the resident at 44 locations. TIle 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 ba~ground concentrations of the radionuclides (i.e., 1.2 pCiIg for radio­
nuclides in the uranium-238 and thorium-232 decay series and 0.055 pCiIg for radionuclides in
the uranium-235 decay series). The ingestion risks associated with background levels of these
radionuclides for the recreational visitor, ranger, resident, and farmer are 8 x 10-1, 8 x 10-6,
1 x 10-5, and 2 x 10-5, respectively.

The incremental risks from external gamma irradiation are relatively small for each
receptor compared with those from inhalation, and they exhibit the least variation of all soil­
related risks. The incremental risks for the recreational visitor and fanner are 4 x 10-6 and
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3 x 10·s, respectively. The 'ranger's risk's vary be~een 4 x to-5 and 6 x 104 , with a median of •
5 x to-5. For the resident, the incremental risk ranges from 0 (background) to 6 x 10·3,-with a
median of 2,.'.>< 10-4. These estimates foton-site exposures can be compared With, the risk from
background external gamma irradiation by using the same exposure assumptions with the local
background value of 10 }iR/h; the associated risk is 1 x 10-5 for the recreational visitor, 2 x 10-4

, for the ranger, and 1 x 1<r'3 for both the resident and farmer.

, The total risks from .external gamma irradiation, incidental ingestion, and .inhalation
"combined are summed in Table E.9. The total riSk is 6 x 10-5 for the recreational visitor and
~l x to-2 for the farmer. For the ranger,:this risk vanes from 6 x 10-4 to 1 x 10~2, with a median
:of 7 x 10-4. For the resident, the risk ranges from 1 x 10~ to 9 x to-2, with a median of 2 x 10-4
(Figure E.2). Because'the incrementcil risk· frOt,ll inhalation of radon-222 decay products
,dominates the total combined risk, this estimat!i! essentially represents those, results. For
comparison, the combined risk fOf external gahunairradiation, incidental ingestion,' and
inhalation at the background location is 2 x .10-5 for the recreational visitOf, 5 x to-4 for the
ranger, and 3 x 10-3 for both the,reSident and farmer. As indicated by Figure E.2, the
incremental risk for the resident from these combined exposures exceeds both the target range

'iand the background risk at many locations.

_ ' In addition to the exposUres' to soil and air common to all receptors, ingestion of
homegrown food (garden produce and beef and dairy products) was evaluated for the farIDer.

'Radionuclide-specific doses and risks estimated for this exposure are given in Table E.ll. The
:total radiological risk to the farmer from ingesting homegrown food is 7 x 10-4, and.lead-21O is
'the primary contributor. For compariSon, the radiological risk estimated for the farmer at the
off-site background location with the ~e exposure assumptions is 5 x 10-5• 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
~th 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

,!;included for each receptor, and those results are given in Sections 5.24.1 and 5.3.21 of theBA
~,(OOE 19913). The incremental risk estimated fot"ingesting fish and game would be within or
~ below EPA's target range.

Results for potential ground~terexposures in this rebaseline assessment are considered
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 firial 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 q)mbined acr9SS all reasonable pathways. For

I•
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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 ofthe 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 estiinated from leaching calculations for site soil. The results of these two analyses are
shown in Table E.l2. To put the results in perSpective, the total risk associated with EPA's
proposed drinkingwater 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 lea~ganalyses indicate that lead-210 is the major contributor to.the risk
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 Kd values greater than 100 (see Table. E.1
of the BA) would not be expected to reach the unconfined groundwate'r aquifer for more than
10,000 years as a result of nonpreferential leaching through the unconsolidated overburden
mater4U (Figure E.3). For those instances in which a preferential pathway might be established,
this transport time would be shorter. .

Conservative estimates of future radon-222 concentrations in grouitdwaterthat could.
result from radium-226 leaching through the soil column for an infiltration rate of 5 an/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_ an/yr -­
(5 in./yr) are 2,200 and 240 pCi/L. These estimates were calculated by applying Equation E.3
to determine the equilibriwrt '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 SQil infiltration
rate of 5 cm/yr (2 in./yr), the risk for the on-site resident from inhalation is estimated to be
2 x 10-4; the risk associated with an infiltration rate of 13 cm/yr (5 in/yr) would be 4 x 10-4.
These risks are largely due to inhalation; the radiological risk from ingestion ofradon 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 10.5 for an infiltration rate of 5an/yr
(2 in./yr), which is about 1% of the risk estimated for the resident from indoor radon-:222
emanating directly from soil. . - -

This initial analysis of drinkirig water ingestion is cons~dered very preliminary because
location-specific chemical and hydrogeological data are not available for the entire site.- The
assessment will be refined in forthcoming documentation for the groundwater operable unit after
additional data become available.
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Results of the location-specific; analysis for the soil redistribution scenario are similar.
to or less than' those' for surface soil because' the radioactive contamination is largely sUrfiqaI.
Therefore, mixing subsurface soil having little or no contamination with surficially contaminated
soil and redistributing this mixture on the surfafe would result in a lower c.oncentration of
radionuclides in the new surface soil to which the resident could be exposed. In addition, the

· risk assoc:ia,ted 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
-:'''locations, 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 radiologiccil 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

.-loCations,the relatively high concentration of uranium to depths of up to. 3 m (10 ft)is the
.,: primary ~ontributor to the higher risks.

. .~.

E.4.2.2 Chemical Health Effects

The chemical carcinogenic risks and hazard indexes from incidental ingestion of site soil ..
and 'inhalation of ·airborne contaminahts generated from soil are shown in·;Table E.13. ~e

pathway-specific risks ana hazard quotients for the individual contaminants are indicated in
'·,.Tables E.14 and E.15; respectively..

The to~ combinedrlsks from incidental ingestion and inhalation are 2 x 10-6 for the
· recreational visitor, 2 x 10-5 for the ranger, and 5 x 10.5 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 represen~ed by that from soil ingestion. For. the resident, the
coIribinedrisk ranges aom 3 x 10-6 to 6 x 10-4, With a median of 3 x 10-5: The risk ranges from

. 1 x 10.5 to 1 x 10-4 at most locations, and the incremental (and total) risk exceeds 1 x 10-4 at less
;,::than 5% of the soil areas (15 locations, Figure E.4). In general, arsenic is the primary contributor
I. to these estimates, although polychlorinated biphenyls (PCBs) contribute significantly at the few
:s: locations where they occur. The maximum risk is associated with the single location where

carcinogenic polycyclic aromatic hydr~ons (PAHs) were detected; these compounds account
·. for about 95% of that risk. .

•

I

•

The hazard index from incidental ingestion and inhalation combined is 0.02 for the
recreational visitor; for the ranger, it varies from Q.3 to 0,5, with a median of 0.4. Therefore, no .
noncarcinogenic effects are indicatedfor these .nvo 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 locations. 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 contributors are uraniuin, arsenic~ and thallium. The inhalation hazard index for
. the resident exceeds 1 at two locations, and chromium is a key contributor at both locations.

For those locationS where the combined hazard index from incidental ingestion and
inhalation exceeds 1, the contaminants contributing to this estimate were identified to determine
their major health end p~ints (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 combihed 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
additionallo<:ation. 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 shoWIl in
Figure E.S. The segregated hazard index for the farmer at the Ash Pond area is less than 1.

For lead, an oral reference dose (RID) is not availabie 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 l1g/dL from the various exposures is not considered to be iIldicative of lead poisoning;
levels ranging from 10 to 14 l1g/dL are considered to be in the border zone for potential health
effects; levels from 15 to 19 l1g/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 l1g/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 (lo-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 asa yard.) These six locations
were evaluated with EPA's model. The state level was also separately assessed, with an air
concentrationderived 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 (lO-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, concentratioIl contours for lead in
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groundwater beneath the site were generated from the limited data available for monitoring
wells in the Burlington"l<eokuk LinlestQneaquifer. The lead concentrations in groundwater

,estimated !?y this contouring method were. then linked with the appropriate soil borehole'
locations for this preliminary analysis~ .

The 'exposure assumptionS 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 ~sumed to spend 1 hour per day outdoors,
.i. averaged over the year. No contribution was assumed for paint becatise lead-based paint is no .
-, longer used in homes and .the hypothetical residence being evaluated would be constructed at

some tiJDe 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 childrel)
expeCted to have blood levels exceeding 10 J.lg/dL. The EPA has indicated that acceptable lead
levels in soil correspond to' those for ~hich less than 5% of the population would be expected
to exceed blood lead levels of 10J.lg/dt.

. ..--:

1:' The results of the model caIcWations indicate that the blood lead level of ·10 J.lg/dt
'. would be exceeded by greater than 5% C?f 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 J.lg/dL (geometric mean),
and less than 0.7% of the population would be expected to have a blood level above 10 J.lg/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.1S, respectively:
The total risk to the fariner from ingesting homegrown food is 2 x 10-4, 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, i.e.,
-: 1 x 10-4 and 3. (Although not obvioUs from th~se values because of rounding to one significant
: figure, the riSkestimated for ingestion of garden produce off"Site ~ 70% ofthat esronated for
'0 ingestionori"Site, and arsenic is. again the dominant contributor.) Thus, model predictions of

potential on"Site health 'effects are within a factor of 2 to 30f those for off-site background. This
small difference is well within the ~ge of uncertainty associated with the methodology
available for estimating these vaiues. The incremental risk from ingesting homegrown food is
less than 1 x 10-4. .

As previously indicated for radionuclide~, considerable uncertainty is associated 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 swnmed 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 radionuc1ides (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 additionaI 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 tQ the hazard index.

The contaminant-specific results for exposures to future groundwater concentrations
predicted hom 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 hazaI-d 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.
contaIitination (e.g., nitroaromaticcompounds) mdicate that future groundwater concentrations
could be associated with inC!emental health effects if a well were constructed at those locations.

The preliminary nature of this assessment cannot be overemphasized. Conservative
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 Kd 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
Kd 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 nonpreferentialleaching
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 Kd 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., Kd value of 5) could leach hom 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
infonnation was used to sUpport the development of cleanup criteria for site soil (Chapter 2).
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E.4.3 Multiple Exposure Pathways

The same recreational visitor q>Uld be exposed to contaminated media both on-site and
off-site if it were hypothetically assumed that institutioruil controls disappeared at some pornt

,in the future. The radiological risks 'fr~m exposures to sitewide soil and a.if are relatively low
"when directly compared with those for the Southeast Drainage, assuming that all of the time
5 spent in off-site areas ,over the 30 years' is spent at those specific locations in the drainage with
··elevated radioactivity~ Thus, the totaJ, ~diological risk fora future recreational visitor to the area
,'would range from the estimate of 6x 10-5 for the site to the preliminary estimate of 2 x 10-4 for
t'f'the drainage. (For comparison, the risk estimated for a recreationat visitor hom the same

"exposures at a background location is2 x 10-5.)

The total chemical risk from sitewfde 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 9x 10-7

and 4 x 10-0, respectively. ,Each of these risks is within or bel~w EPA's target levels. Results
for the noncarcinogenic health effects indicate that the hazard index from sitewide exposure to

i; 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 specific activities of the individual and the relative time spent at anyone
,location.

The recreational visitor, ranger, resident, or farmer might also fish at the off-site lakes
or hunt on-site. Potential health effects were estimated for fish taken from Lakes 34, 35, arid 36
(Section 5.3.2 of theBA) and game taken hom the,site (Section 5.2.4 of the BA). In addition to

;, the,eStimated ingestion exposure, an in~vidualfishing or hunting would incur exposures similar
, to those estimated for the recreational visitor at the lakes (exposure to surface water and

sediment/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 ~a by combining results for these varied exposure pathways. The total radiological and
chemical nsks estimated for this individual are 5 x-10.5 aJ,ld 3 )( 10~, and tl:le hazard index is 0.08
(Section 5.4.2 of the BA). , These es~tes 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 m.axiIrWiy exposed individual. Incremental risks associated with
': the sportsman's exposures would be within or below EPA's target range.

E.S UNCERTAINTY IN THE RISK ASSESSMENT PROCESS

_The evaluation of impacts to human health in this rebaseline assessment was based, by
. necessity, on a number of site-specific assumptions. In addition, many uncertainties are inherent

to the risk assessment process. 1be 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 iitgestion of garden produce, beef, and
dairy products was not specifically addressed in the BA, the uncertainties associated with these
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pathways are 'as described for plant upta.ke 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 single pathway that is specific to the rebaseline assessment, ingestion of groundwater.

Considerable unce~ty is assOciated with the health effects estimated 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. .MoI\itoring 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 ofmeasurements are available for certain contaminants and/or wells, and the variability
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 extended beneath the entire site so location-specific exposure point
concentrations could be interpolated. (For this effort, samples reported as nondetects fOf 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 essentially
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 penrrit 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 fora 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 initialleaching was
assumed to occur as an equilibrium process, with the rate of desorption from soil to water equal
to the rate of sorption;, vcu:i0us 'sorption studies have indicated that this is a conservative
assumption.
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A key parameter in these calculations is the contaInina.nt-specific distribution coefficient
or Kd, which is a measure of the amoWlt ,of a contaminant associated with soil compare!i to the
amoWlt in solution. This coefficient is strongly dependent on site-specific conditions, but data
froa\which to select appropriate Kd val~es for site contaminants are very limited. In the absence
of such information; data from the literature, induQing efi,lpirical equations; were used to derive

·preliminary estimates of these vciIues. Tbefraction of organic carbon in soil used for the
- . . I .

,equations was conservatively 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,~ ,of conservative assumptions for each
.,parameter in the calculations results in considerable ,uncertainty and a very conservative bias in
, the risk estimates.

, "

. .i . .1' . - .'

Finally, although a ~e 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

'Wlcertainty in the Kd values and the spatial variability in subsurface conditions across the site.
Therefore, it is difficult to address temporal ~d' spatial variability to appropriately sum

'.:individual risks and hazard quotients' and estimate ~the total, risk and hazard index for this
~pathway..In summary, the large 'uncertainty in the:preliminary groWldwater assesSment reflects
· the limitations in information currentlyavailable. The results will be applied to focUs additional
.characterization efforts, and the new data will be used to refine these estimates in documentation
, for the groWldwater operable unit to be prepared within the next several years.

,',

E.6 SUMMARY OF THE REBASELINE HEALTH ASSESSMENT

~ . . .

" 'E.6.1 Short~Te~Assessment of the Interim Sit~ Configuration

The ,short-term rebaselirie assessment ~ddresses impacts associated with new site
,conditions resulting from interim actions; it evaluates exposures over the next 10 years,aSsuining
, 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 SA (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
~ slightly lower than those presented in the SA for the routine maintenance worker. The risk for
.this new worker from exterrial 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 ~ew facilities would be less

"than that for routine maintenance activities. Iilcorporating 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 estirriated for the baseline maintenance worker.

,Potential impacts to the trespasser would decrease considerabiy under new site
conditions, to less than 2% of those estimated for baseline conditions. This estimate assumes that

•

•

•
1,
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exposures at the buildings and raffinate pits would no longer occur. For the off-site recreational
visitor, the incremental ~pa.ct 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 reaeational 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 1.5.1.4). 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.

£.6.2 Long-Term Assessment of the Interim Site Configuration

, For the long-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,raffinatepits, and
sitewide soil arid air. ExPosures 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 exp0S\fI'es'withinthe buildings would nQ 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.6.3 Long-Term Assessment of the Modified Site Configuration

The long-term assessment of the modified site configuration addresses possible
exposures in the extende'd 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 frOIl) exposures to soil and, air were estimated for a recreational
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. visitor, ranger, resident, and farmer. ~e results indicate that radiological risks for the ranger, •
resident, and faimer would exceed EPA's target risk range over about 50% of the site. Similarly,

. the cheinica1risk'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 I
from inhalation of radon-222' and its short-lived deCay products, whereas cheinical risks and . !
hazard indexes result primarily from incidental irigestion of arsenic and organic compo~ds
(PCBs and PAHs) iIi. soil. The results of the long-term asSessment are summarized in Table E.21.
The results for ingestion of homegrown food by the tanner are also included in this table~

The combined carcinogenic riSks from exposures 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 ;risks differ and theIr sum does not account

. for potential antagonistic or synergistic effucts. As 'a lesser factor, soil was sampled at different .
locations for the radioactive and chemical.con~ts, so the results, determined for the ranger
and the resident at individual boreholes are not at exactly the saIne' locations. To address this
isSue, a weighted inverse-distanee'squared approach was used to combine the radiological and
chemical risk estimates (as described in Section 3.3~1.2 of the SA).

.'. - " .

Exposures from drinldng water ingestion estimated for both current and predicted
future coilditions were also evaluated in a preliminary analysiS to indicate potential concerns and
focus upcoming characterization e.(fortS.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. .

.witmn the next several years as more data become aVaiJabl~. .

Excluding the food ingestion pathway, radiological risks are higher than chemical risks
. for each receptor at most locations~and radonis 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. 1bat is, although the leveis of radioactive contamination at non-souree 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 SA (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.

,'r
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TABLE E.1 Basis of Exposure Point Concentrations for the Exposure Pathways· ,

! : I • • •
, , I
, "j;: •

& This table presents information discussed in Sections E.4.1.i and E.4.1.3. Except for footnote g, ahyphen
indicates that the pathway does not apply to the scenario. Except as noted in footnotes b through f, the
following apply: l.,oazjiDn-speciftc means that the assessment was performed for each sampling location on
thebasls of surficialcontaminant coricentrations specific to that location {see text); 5itefvide UL,s 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 Ash Pond UL,s 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 krigmg and contouring the uranium data for the Ash Pond area, and incorporating results of the
radiological source term analysis; the weighted average estimated for the surface interVal was then used as
the exposure point concentration.

b The surface measurements, of external gamma exposure rates{~ to estiinate the siteWide ~5' location-
( Specific, and Ash Pond~s values) include ~tribution's from: subsurface ~dionuclides.

C For outdoor exposures, the sitewide~s for surficial radium-226 was used to derive the expos~ 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 (30m [10-ft» measurements
of radium-226 were used to derive the location-specific and Ash Pond U4s exposure point concentrations.

d 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).

e The basis shown is for the initial soil concentrations used to model the contaminant concentrations in
,gam~ animals, fruits and vegetables, and beef and dairy products;
Available groundwater data were contoured so that current concentrations ~ould 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 contributionfrom leaching of soil contaminants on the basis of sitewide U4s values..

g The farmer was represented by the resident for the preliminary analysis of drinking wat2r ingestion (see
text).

,External gamma iriadiationb

Indoor
Outdoor Sitewide'tJ4s

Exposure Pathway

Inhalation of radonc

Indoor
Outdoor

Inhalation of particulates
Indoor
Outdoor

Incidental ingestion
of soil/dust

.. Ingestion of food and drink
Fishd

Gamee

Fruits and vegetablese

Beef and dairy productse

Drinking water'

Reeieational
Visitor' ,

Sitewide U4s

Sitewide U4s

Sitewide U4s

Average ,
Sitewide U4s

Basis ~f ~posure Point Concentration

~ger Resident Farmer

Loca~on-specific Location-specific Ash Pond ~5
Sitewide ~5 Location-specific AshPond~5

,
Location-specific Location-specific AshPond~5

Sitewide U~5 Location-st'ecific Ash Pond ~5

Location-specific Location-specific AshPond~5

Sitewide ~5' Location-specific AshPond~5,

SiteWide~s Location-specific Ash Pond ~s

Average Average Average
Sitewic,1e~s Sitewide~ Sitewide~s

Ash Pond~s
Ash Pond~s

Location-specific ..I

! .

•

•
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• TABLE E.2 Exposure Scenario Assumptions and Intake Parameters&

yr 3D

4 23 20
4 1 4

250 350 350

2S 30 3D

1.0 0.8 0.8
2.5 1.6 2.5

0.8 0.8 0.8

120 100 (200)' 180

;'. 42
80
7S

~ 300

2 _h

0.7 0.7 0.7

d/yr 20

70

Farmer

70 (lS)C

Resident

70 70

Recreational
Visitor Ranger

kg

hId
hId 4

mgld 120,

gld
gld
gld
g/d

LId

Parameter ' Variable

Average body weight BW

Exposure time
Indoor ET
Outdoor ET

Exposure frequency EF

Exposure duration ED

Inhalation rate
Indoor IRa
Outdoor IRa

Filtration factotl FF

SoilI dust ingestion ratee IRs

Food ingestion rateS
Fruits ~

•• Vegetables IRt
Beef ~.

. Dairy products IRt
Drinking water ingestion rate IRw

Shielding factot SF

a This table presents information discussed in Section E.4.1.2; except for footnote h, a hyphen indicates that
the entry is not applicable.

b "Day" (d) is replaced by "eVent" for the recreational visitor.

C For incidental ingestion of soil and indoor dust, the average body weight is assumed to be IS kg over a
6-year period. and 70 kg over.a 24-year period (see footnote f).

d This factor accounts for the reduction in indoor concentrations of airborne dust from outdoor sOil as a
result of the filtration effect of the structure.

• This rate represents the amount of amtaminated soil and indoor dust assumed to be ingested per day.

f This receptor is assumed to incidentally ingest 200 mg/d for 6 years (15 kg average body weight) and
100 mgld for 24 years (70 kg. average body weight).

g For homegrown food; ingesti~ rates assumed for fish and game are presented in the SA (Table 3.4 and
Sections 2.4.5.2 and 3.4.2.5). . . .

h Represented by the resident for.the preliminary analysis 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.

•



£-44

TABLE E.3 Example Presentation of Radiological Data for Carcinogenic
Effects from External Gamma Irradiation,. Inhalation, and Incidental
Ingestion for the Median Residen~' . . •

. Exposure Route/
contaminanf

External gamma irradiation

Exposure POUlt
Concentrationc

12

Estimated Dosed
(mrem)

2,000

Risk

1 I( 10-3
..._ _ _.__._ n _ _ .. .

Inhalation
.Actinium-227 .
Lead-210
Protactinium-231
Raditim-226
Radium-228
Radon-222
Thorium-230
Thorium-232
Uranium-2$
Uranium-238

3.81( 10-'
2.8 I( 10"5
7.5 I( 10-'
28)( 10"5
1.5 I( 10"5
4.6 lC 10"3
3.0 I( 10"5 .
1.5 'lC 10"s '
9.0 lC 10-'
2.0 lC 10-4

53
0.12
2.0
0.045
0.98
4.4
2.0
5.1
0.24

10

· 3 I( 10-6
7 lC 10-8

. ·1 )( 10-6
,3 )( 10.8

·6 lC 10.7

· 2 lC 10"3
· 1 lC 10-6

3 lC 10-6
1 lC 10"7
.6 lC 10-6. . ............................................-.__._ __ - __ _ __ .

Ingestion
. ·1 lC 1()-6Actinium-227 ' 0.15 2.3

Lead-210 1.1 7.5 5 I( 10-6
Protactinium-231 030 3.3 2 I( 10-6
Radium-226 1.1 1.2 7lC 10.7 ,
Radium-22S 0.60 1.2 7 lC 10"7 •Thoritim-230 1.2 0.65 · 4 lC 10"7
Thorium-232 0.60 1.7 1 lC 1()-6
'Uranium-235 036 0.092 : 6 lC 10-8'
Uranium-238 79 4.1 2 lC 10-6

-------------------~---------------------~----------------- --------------
Totar

a This table presents information discussed in Section E.4.1.3. The locatiOn at
which the resident's radiological risk is the median value was selected for this
presentation.

It Information for those contaminants for which no analysis was cOnducted was
estimated from the radiological source. term ailalysis (Table 2.3 of the ~A).

C The unit for external gamma exposure is pi/h; the unit for inhalation exposure
ispCi/m3 in air, except for radon-222. for which the unit is working level (WL);
and the unit for incidental ingestion exposure is pC/g in soil. Incidental
ingestion addresses both outdoor exposure to soil and indoor exposure to dust;
the exposure point concentrations for ~ust were ci:nlserVatively 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 multiplying the listed value by the filtration factor, 6..8. The value
listed for radon-222 is for indoor expOsure; indoor exposure accounts for mOre
than 990/0 of the risk from radon inhalation for the resident.

d The comUtitted effective dose equivalent was calculated from dose cOnversion
facto~ given in Table 4.1 of the SA; the dose from radon-222 is in units of
working-level month (WLM).

e The oontributions 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 lC lo-t.. ..

)
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TABLE E.4 Example Presentation of Chemical Data for Carcinogenic
Effects &om Inhalation and Incidental Ingestion for the Median
Residen~

•

Exposure Route/
Contaminan~

Metals
Arsenic
Beryllium
Cadmium
Chromium VI
Nickel

Metals
Arsenic
Beryllium

PCBs

Nitroaromatic
compounds

Exposure Point
Concentrationc

2.01< Hr'
63)( 10-'
2.2 1<10-8
3.9 I< 10-8
2.7 I< lIT'

7.8
0.25

0.47

Average Daily Intake
(mg/kg-d)

1.9 I< 10-8
6.0 )( 1IT10

2.1 I< 1IT9

3.8 I< 10-9

2.6 I< 10-8

1.2 lC 1ITs
3.9 I< lIT'

Risk

3 I< lIT'
5 )( IIT9

1 )( IIT8

2 I< lIT'
4 )( 10-8

2 I< 10,5
2 )( 1()-6

6 )( 1()-6

----------------------------------------------------------------------
'Total risk 3 lC IITs

•

• This table p~ts information discussed in section E.4.1.3. The location at
which the resident's chemical risk is the median value was select2d for this
presentation; ahyphen indicates that the parameter was not detected in
surface soil at ~e median location.

b List2d are only those exposure routes and cOntaminants for which an EPA
slope factor is" available. The EPA slope factOrs used-to estimate the risks are
given in Tables 4.4 and 45 of the BA.

C The unit for incidental ingestion exposure is mg/kg in soil; the unit for
inhalation exposure is mg/m3 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 multiplYing the list2d value
by the filtration factor, 0.8.

d The carcinogenic PAHsare benz(a)anthracene, benz.o(b)f1uoranthene,
benzo(k)f1uoranthene,benzo(a)pyrene, duysene, and indeno(l,2)<d)pyrene.
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TABLE E.s Example Presentation 9f ~emicalData tor Noncarcinogenic
Effects from Inhalation and Inddental ~gestion for the Median Resident" •

Exposure Route!
COntaminan~

Exposure Point· Average. Daily Intake
Concentrationc (mg!kg-d)

Hazard
Quotient

Metals
Barium
Cadmium
Chromiumm
Chromium VI
Manganese
Mercury

Nitroaromatic
compounds

4.8 )( 10-'·
6.3 )( Hr9

4.7 )( 10'.7
52 )( 10-8;
2.1 )( lO-s
1.3 )( 10-9 .

1.1 )( 10'"
1.4 )( 10-9

1.1 )( 10-7

12 )( 10-8
4.7 )( 10'"
2.8 )( 10-10

1 )( 10-2

7)( 10-'
2 )( 10-1

2 )( 10-2

5 )( 10-2

3 )( 10-'

Nitroaromatic
compounds

l,.pstUm

Metals
Antimony 7.1 2.6 )( 10-5 6 )( 10-2

Arsenic 3.6 1.3)( 10-5 4)( 10-2

Barium , 1.9 )( 102 6.9 )( 10-4 1 )( 10-2

Beryllium . 5.1 )( 10-1 1.9 )( 10'" 4 )( 10-4 •Cadmium 25)( 10-1 9.1 )( 10-7 . 9 )( 10-4
Chromiumm 1.9 )( 101 6.8 )( 10-5 7)c 10-5

Chromium VI 2.1 7.6)( 10-' 2 )( 10-3

Copper 9.3 3.4 )( 10-5 8 )( 10-4
Lithium 25 9.1 )( 10-' 5 )( 10-4
Manganese 8.4 )( 102 3.1 ')( 10-7 3 )( 10-2

Mercury 5.0 )( 10-2 1.8 )( 10-7 6 )( 10-4
Molybdenum 2.0 7.3 )( 10-0 2 )( 10-3

Nickel 3.0 )( 101 1.1 )( 10-4 5 )( 10-3

Selenium 2.5 )( 10-1 9.1 )( 10-1 2 )( 10-4
Silver 5.0 )(10-1 1.8 )( 10-' 4 )( 10-4
Thallium 5.0 )( 10-1 1:8 )( 10-' 3 )( 10-2

Uranium 7.7)( lot 2.8 )( 10-4 9 )( 10-2

Vanadium 35 )( lot 1.3 )( 1£t4 2 )( 10-2

Zinc 5.6 )(.lot 2.1 )( 10-4 1 )( 10-3

Inorganic anions ,
62)( 10-' 1)( 10-4Fluoride 1.7

Nitrate . 8.4 3.0 )( 10-5 2 )( 10-5
Nitrite 25 )( 10-1 9.1 )( 10-7 9 )( 10-6

PAHs

PCBs

. .--------------------------------------------------------------------------
Total hazard index

See next page for footnotes

0.6
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TABLE E.5 (Cont.)

• '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 exposwe routes and contaminants for which an EPA
reference dose is available. The EPA reference doses used to estimate the hazard.
quotients are given in Tables 4.2 and 4.3 of the SA.

C The unit for incidental ingestion exposwe is ing/kg in soil; the unit for inhalation
exposwe is mg/m3 in air. InCidental ingestion addresses both outdoor exposwe
to soil and mdoor exposwe to dust; the exposwe 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 calculated. by
multiplying the listed. value by the filtration factor, 0.8.



TABLE Eo6 Estimated Exposure Point Concentrations and Doses for the Farmer from Ingestion
of Homegrown Foodll

b The area-weighted averages fr~m contoured surface'measurements of uranium in the Ash Pond area, combined with information
from the radiological source term analysis, were used to model the contaminant concentrations in food. '

C The committed effeCtive' dose eq~ivalent was calculat~ from dose conversio~ f~ctors given in Table 4.1 of the BA.

• • •
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TABLE E.7 Estimated Exposure Point Concentrati~nsand Average Daily Intake of Chemicals
for the Farmer from Ingestion of Homegrown Fooda

Estimated Daily Intake Averaged
Estimated Concentration in Food (mg/kg) over Exposure Period (mg/kg-<l)

Ash Pond Soil
ConcentrationC . FNits and Dairy FNits and Dairy.

Contaminantb (mg/kg) Vegetables Beef Products Vegetables Beef Products

Metals
Antimony 8:9 2.7 )( 10'1 1.5)( 10-3 1.6)( to'" 4.5 )( 10'" 1.5 )( 10-' 6.4 )( 10-1 '
Arsenic 1.9 )( 101 1.2 )( 10"- 8.3)( io'" 1.8 )( 10.5 '1.9 )( 10-4 8.5 )( JO.1 7.6 )(10-8
Barium 9.6 )( 102 1.4 )( 101 7.7)( to·3 2.7 )( 10.2 2.4 )( 10-2 7.9 )( 10-' -1.1 )( 10'"
Beryllium 9.0 )( )0.1 1.4 )( 10-' 7.4 )( 10-' 6.5 I( to·9 2.3 )( 10-' 7.6 )( 10.9 2:7 )( 10.11

Cadmium 2.1 3.2 )( 10.1 3.0 )( 10'" 2.2 I( 10-' - 5.41( 10-4 3.1 )( 10.7 9.1 )( 10"
ChromiumDI 4.2 )( 101 1.9 )( 10-1 2.0 )( 10-3 1.4 )( 10.5 3.2 Ie 10'" 2.0)( 10-' 5.8 )( lo-l1
Chromium VI 4.7 2.1 )( JO·2 -2.2 I( 10-4 ].6 )( ]0-' 3.S )( ]0-5 2.3 )( 10.7 6.4 )( 10.9

Copper 3.9 I( 101 _ 9.8 4.9 I( 10-1 8.9 I( )0.2 1.6 l( 10.2 . 5.0 )( 10-4 3.6 I( ]0'"
Lithium 8.8 3.5 )( 10-2 1.9 I( 10.3 . 3.9 )( )0,3 5.9 )( 10.5 2.0 )( 10-' 1.6 I( 10-5

Manganese 6.1 I( ]02 3.0)( 101 - 6.7 I( 10.2 5.3 I( 10.2 5.1 )( to·2 6.9 I( ]0.5 2.2 )( ]0-4 ~

Mercury 4.2 )( 10.1 8.3 )( 10.2 1.6 )( 10-4 4.9 )( 10-' 1.4 )( JO'" ].6 )( 10.7 2.0 )( 10.8 J..
<.0

Molybdenum 2.7 )( 101 1.6 6.0 )( JO·2 1.2 )( 10-2 2.7)( JO·3 6.1 )( 10.5 4.9 x 10.5
Nickel 5.9 )( 10

'
3.5 3.9 )( JO.2 5.1 )( 10'" 5.9 )( JO.3 4.0 I( to·5 2.1 )( 10"'

Selenium 1.0 )( 101 2.5 )( 10.1 2.1 )( 10.2 5.4 )( 10.3 4.3 )( 10-4 2.2 x 10.5 2.2 )( 10.5
Silver 2.8 2.8 x 10" 3.0 )( JO'] 2.8 Ie to·2 4.6 )( 10.4 3.1 Ie 10-' 1.1 x 10-4
Thallium 3.4 1.3 )( 10.3 3.0 x 10-4 1.4 )( 10.5 2.2 )( 10-' 3.0 )( 10.1 5.6 x 10.8

Uranium 3.9 )( 102 3.0 8.2 )( 10.1 -' 9.4 I( 10.2 5.0 Ie -10'3 8.4 x 10-4 3.9 x 10'"
Vanadium 3.7 Ie 101 1.1 )( 10.1 1.5)( JO.3 ].2 Ie 10.5 1.9)( 10-4 1.6 x 10-' 4.9)( )0-8
Zinc 1.8 )(,102 . 1.6 )( 102 8.6)( 101 _8.5 2.7 )( JO·l 8.8 x JO.2 3.5 )( 10-2

Inorganic: anions
4.4 )( 10.2 3.7 )( 10.2 3.8 Ie JO.5Fluoride 7.4 2.6 Ie 10'" 7.4 Ie JO.5 1.1)( 10-'

PAHs

PCBs 4.9 )( 10-4 3.6 Ie 10.6 5.5 )( JO.7 1.7 Ie JO·1 6.0 Ie 10.9 5.6 Ie 10.10 7.1 Ie 10.10

Nitroaromatic
compounds

----------------------------------------------------------------------------------------------------------
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TABLB 11.7 (Coot.)

Estimated Daily Intake Averaged
Estimated Concentration in FoOd (mg/kg) over Lifetime (mg/kg~)

Ash Pond Soil
Concentrationc Fruits and Dairy Fruits and Dairy

Contaminantd (mg/kg) Vegetables Beef Products Vegetables Beef Products

Metals
8'.3 )( 10-4 3.2 )( 10"Arsenic 1.9 )( 10' 1.2 Ie 10-1 1.8 Ie 10-5 8.3 )( 10-5 3.6 K 10'7

Beryllium 9.0 Ie 10,1 1.4 )( 10-3 7.4 )( 10-6 6.5 )( 10,9 9.7)( 10:7 3.3 )( 10-9. 1.2 )( 10"11

, PAHse .
PCBs 4.9 )( 10-4 . 3.6)( 10" 5.5)( 10,7 1.7 )( 1O~7 2.9 Ie 10-10 , 2.4 Ie 10-'0 3.0 Ie 10:10

. _... ' .."-"-- ..._ .. --_._ .. . .-.--- ._. ..' _... - _ . - .. --_ ... . .. ._ .. -
Nitroaromatic
compounds

• This table presents information discussed in Section E.4.I3. A hyphen indicates that the parameter was not detected in surface
soil at the Ash Pond area.

b Listed are only th~ cOntaminants for which an EPA oral reference dose is available.

c The U4s values for surface measurements in the Ash Pond area were used to model the contaminant concentrations in food,
except for PCBs; for PCBs, an area.weighted aver~ge was used. . ,

d Listed are only those contaminants for which an EPA oral slope factor is available.

• The carcinogenic PAHs are benz(a)anthracene, benzo(b)f1uoranthene, benzo(k)f1uoranthene; benzo(a)pyrene, chrysene, and
indeno(l,2,3-<:d)pyrene. .

~~---~-•.., .. •__ .. ,~._ ..__ .-
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• TABLE E.8 'Estimated Milk Bioconcenlration Factorsa

Contaminanf Milk Biotransfer FactorC So~d

.Radionuclides
Actinium 25 )( 1~ Napier et al. (1980)
Protactinium 25 ~ 1~ Napier et aI. (1980)
Radium 2.0 )( 10"" Napier et. aI. (1980)
Thorium 25)( 1~ Napier et al. (1980)
Uramum 6.0 )( 10"" Napier et a1. (1980)

Metals
, Antimony 1.1 )( 10"" Ng et al. (1979)
Arsenic 3.0 )( to·5 Stevens (1991)
Barium 3.5 )( 10"" Ng et al. (1979)
Beryllium 9.1 )( 10-7 Ng et al. (1979)
Cadmium 1.3)( 1~ Stevens (1991)
Chromium 1.4 )( 10-5 Stevens (1991)
Cobalt 1.8 )( 10-3 Ng et al. (1979)
Copper 1.7 )( 10-3 Ng et al. (1979)
Lead 4.9 lC 10-5 Stevens (1991)
Lithium 2.0 lC 10-2 Baes et al. (1984)
Manganese .3.3 )( 10"" Ng et a1. (1979)
Mercury 1.1 )( 10-5 Stevens (1991)
Molybdenum 1.4 )( 10-3 Ng et a1. (1979)• Nickel 2.7)( 10-5 Stevens (1991)
Selenium 4.0 )( IlT3 Ng et a1.(1979)
Silver 1.9)( 10-2 Ng et al. (1979) .
Thallium 1.9 )( 10-3 Ng et a1. (1979)
Vanadium 2.0)( to-5 Ng et al. (1979)
Zinc 1.0 )( 10-2 Ng et al. (1979)

Inorganic anions
1.1 )( 10-3Fluoride Ng et al. (1979)

PeBse 8.7 )( 10-3 Mabey et al. (1982)

•

a This table presents information discussed in Section E.4.l.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.

C The milk biotransfer factor represents the fraction of the rontaininant ingested
daily with dietary plant tissue that is transferri!d 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 ~verted ted/kg by dividing by 1.035 kg/L, which is the upper end of
the range identified in Baes et a1. (1984) for the density of milk.

d Values from Baes et a1. (1984), Ng et al. (1979), and Stevens (1991) assume dry
weight fo~ plant tissue; values from Napier et al. (1980) aS5ume wet weight for
plant tissl.le. The value for PCBs was calculated from the octanol-water
partition coefficient (1<.-) given in Mabey et al. (1982) with the following
empiricalle1ationship from Travis and Arms (1988) for estimating the
bioconceniration factor (BCF) in milk, assuming dry weight for plant tissue:

log BCF = -8.056 + 0.922 log Kow.



TABLE E.9 Estimated P~thway..Spedfk R~dJo)ogJcil)RJ.ksa . ,"I'.

Exposure Pathway

Extemal gamma Irradiation

Inhalatlond

Incidental ingestion of
soil/dust '

Recreational
Visltorb

4 x 10-6

5)( 10.5

8 )( 10-6

,Radiological' Risk

Ranger Resident

Range Median Range Median Fannerc

4 )( 10.5 • 6x 10-4 5 )( 10.5 0.6)(10.3 2 )( 10-4 j)( 10.5

5)( 10-4'. I )( 10.2 5 )( 10-4 6 )( 10.1 • 8 )( 10.2 2)(10.5 , 1)( 10.2

NAe 9 )( 10.5 5 )( 10.1 • 3 )( 10;3 I )( 10.5 4 x 10-4
, , ,------------------------------------------ --------------------------- - - ---------------------------- - ----------

Total '1)( 10-6 .. 9)( 10.2 2)( 10-4 I ~ 10.2 ,

a' This table presentS Information discussed in Section E.4.2.1. The estimated risks fromextemal gamma irradiation and inhalation of
radon decay products are the incremental risks above background; total risk (including background) is given for all other pathways.

b A range Is not applicable for the recreational visitor because the rislcs for each pathway were estimated from sltewide exposures.

,C A range is not appllcabl~ for the farmer because the risk for each pathway was estimated from exposures at a single a~. ,',

d The estimated risks Include the contribution from contaminated airborne dust and the incremental contribution from'radon-222 and Its
short~lIved decay products. ,

e NAlndicates that a range is not applicable for this receptor and pathway because the risk was evaluated from sitewlde exposures, so it
is represented by a single value (listed as median). ..

.,

• •
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TABLE £.10 Estimated Contaminant-Specific Radiological Risks from External Gamma Irradiation, Inhalation, .
and Incidental Ingestiona

• This table presents information discussed in Section E.4.2.L 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 rontributlon
from background.

b 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).
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7)( 10-4 6 )( 10-5 1 )( 10-5

•
I

•j

, .

• This tablepn!5eI\tsinformation discussed in Section E.4.2.l.

b For comparison,. the risks estimated for ingestion of fruits and
vegetables, beef, an~ dairy products at the off-site
background location are 5 )( 10-5, 4 x 1<r6, and 5 )( 10-7,
respectiveiy. j

!

· :.

· I

· i

•

1

1

.'



•
E-SS

TABLE E.U Preliminary Estimates of Radiological Risks for the Resident
from Ingestion of Drinking Wate~ .

On-Site Resideri~

Contaminant

Actinium-227
Lead-210
Protactinium-231
Radium-226
Radium-228
Radon-222d

Thorium-230
Thorium-232
Uranium-23S
Uranium-238

Current

Range

4 )( 10-' - 2 )( 10"'
2 )( 10"' - 1 )( 10-4

Median

1 )( 10-7
5 )( 10~

Predicted

1 )( 10-5

3 )( 1lr'
5 )( 10-5

5 )( 10.5

5 )( 10-5
4 )( lO-s
1 )( 10~
7)( 10~

1 )( 10"'
7)( 10-5

Background
Resident

Predictedc

7)( 10-7

4 )( 10-5
1 )( 10~
5 )( 10~
9 )( 10"'
4 )( 10'"
3 )( 10-'
1 )( 10'"
3 )( 10-'
1 )( 10'"

•

•

• 'This table presents information discUssed in Section 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 migration. .

II For current conditions, estimated for each location from contours of data available
for groundwater beneath the site. Usled 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 estimaled from leaching calculations
that used the sitewide ULgs values for soil.

C Estimated from leaching calculations that used the average radionuclide
concentrations in local background soil.

d The estimated radiological 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 predicted future conditions from
inhalation of radon volatilized· from groundwater is 2 )( 1lr'; the corresponding
.risk at the off-site background location is 2 )( 10-5. The risk from ingestion of
radon-222 in drinking water was assumed to be 200/0 of that from inhalation
(Mills 1990).
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TABlEi13 Estimated Pathway-Specific Chemical Carcinogenic Risks and Hazard Indexesl

Receptor

Recreational visitor

Ranger
Range
Median

Resident
Range

... .. :.. _._-, .Median ..

Inhalation Incidental Ingestion Total

Hazard Hazard Hazard l:

Risk Indexb Risk Iridexb Risk Indexb .

2 lC 10.8 0.008 2 lC 10"' 0.02 2 lC 10"' 0.02

3 lC 10-1 - 7 Ie 10.1 0.1- 0.3 NAci NA 2 lC 10.5 0.3·0.5
. 4 lC 10.1 0.2 2 lC 10-5 0.2 2 lC 10-5 0.4

4 lC io'S . 3lC 10"' . 0.005 - 1 3 lC 10"' - 6 lC 10'" 0.08 - 9 3 lC 10"' - 6 lC 1~ 0.09 -9 .
.6.l;C_IO-1. .... lL.2 ._ .. . 3_~.llrs. .- - . -. _.. ..(P.- 3!Cllrs~ .. -- ----_._-.. 0.6.. ..- ------ --_. .. - - _. -. -- -

0.9 5 ~IO-s 0.8 2

• This table presents information discussed in section E.4.2.2.

b The listed hazard indexes rep'resentthe totals for all critical effects, i.e., they have not been segregated according to the target organ
and mechanism of action; for the farmer, the segregated hazard index is less than 1.

C A range;s not applicable. for the recreational visitor because the risks and hazard indexes for each pathway were estimated from
sitewide exposures. .

d NA indicates that a range is not applicable because incidental ingestion was evaluated from sitewide exposures for this receptor, so
the risk and h'azard 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 estimated from exposures ala'
~~~. .

._._--- --._: ._-- .•._- --~-_._-_.
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TABLE E.14 Estimated Contaminant-Specific Chemical Carcinogenic Risks from Inhalation
and Incidental Ingestiori.1 ' '

Chemical Carcinogenic Riskb

Resident
Exposure Route/

ContaminantC

Recreational
Visitor Ranger Range Median Fanner

Metals
Arsenic
Beryllium
Cadmium:
Chromium VI '
Nickel

1)( 10-8 5 )( 10-7 2)( 10-8 - 3 )( 10-6 2 )( 10-7 1 )( 10-6
5 )( IIT10 2 )( IIT8 5 )( 10-9 - 1 )( IIT7 2)( 10-8 3 )( lo-S
4 )( 10-10 2 )( 10-8 , 4)( 10-9 - 1 )( 10-7 4)( 10-9 5)( 10-8
7)( IIT9 2 )( 10-7 5 )( 10-9 - 1 )( 10-6 2)( Hr7 7)( 10-7
3 )( 1IT9 4)( 10-8 8 )( 10-9 • 7 )( 10-7 7)( 10-9 4 )( 10-7

3 )( 1IT1O 6 )( 10-8 t )( to-S - 5 )( tIT7 5 )( 1IT7
• __ _ : •••_ U! _ _ ..__•

IJl~stiml

Metals
Arsenic 8 )( 1IT7 9 )( 10-6 1 )( 10-6 - 2 )( to4 2 )( iITS

~ryllium I )( IIT7 1 )( 10-6 2 )( 10-6 - 4 x 10-s 5 x 10-6

• PAHsd 3 )( 10-7 4 x 10-6 1 )( tITs - 6 )( 104 6 )(l~

PCBse 6 x 10-7 6'x 10-6 3 x 10-6 - 2 x 10-4' 1 )( l(rs

NitrOaromatic
compounds

3 )( 10-10 3 )( 10-9 9)( 10-72,4-DNT NA
2,6-DNT 6 )( tITtO 6 )( 10-9 NA 2 x 10-6
TNT 2 x tITll 2 )( to-1O NA 6 x 10-8

a This table presents infonnation discussed in section E.4.2.2.

4 x 10-5
,4xl0-6

7)( 10-6

•

b A range is not applicable for the recreational visitor or 'the fanner because risks were estimated for each
pathway from sitewide <md single-area exposUres, respectively. For the ranger, incidental ingestion was
evaluated from sitewideeXposure5 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 r;mge 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. '

C Listed are only those exposure routes and contaminants for which an EPA slope factor is available.

d The carcinogenic .pAHs are benz(a)anthracene, benzo(b)fhioranthene, benzo(k)tluoranthene,
benzo(a)pyrene, chrysene, and indeno(l,2.3<d)pyrene. For the resident" the range and median of
detected values are listed because these compounds were detected at only two locations (thus, the
median and upper end o( the range are the same), so the median and the lower end of the range would
both be zero if all measurements were considered.

e 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.
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TABLE E.15 Estimated Contamin.ant-~pecificHazar4 Quotients &om Inhalation an4 Incidental •Ingestiona ' '

Hazard Quotienr>

Residentd
I

,

Exposwe Route/ Recreational :
Contaminan~ VISitor i Ranger Range Median Farmer

In/udatiDfl

Metals
Barium 4)( '10" 4 )( 10-2 6 )( 10-4 • 2 )( 10-1 9 )( 10-3 9 )( 10-2
Cadmium 8)( 10-7 4)( 10-5 7 )( 1()"6 - 2 )( 10"" 7)( 10-6 1 )( 10""
Chromium ill 6)( 10-3 . ! 2 )( 1()":1 , 4 )( 10-3 -1 2 )( 10-1 6 )( 10-1
Chromium VI 7)( 10" 3 >< 10-2 5 )( 10"" -1 )( 10-1 2 )( 10-1 7,)( 10-2
Manganese 1 )( 10-3 4 )( 10-2 4 )( 10-5 - 2 )( 10-1 3 )( 10~2 6 )( 10-2
Mercury 2 )( 10-7 , 1 )( 10-5 3 )( 1()"6 - 6 )( 10-5 3 )( 10-6 4 )(10-5

Nitroaromatic
compounds

6 )( 1()"'9 2 )( 1()"6 1 )( 10-5NB I NA
.•_......................................................____•••._......._n...._ .......~.........h ••••••••••••• _ ......................................._ ...............................~ ................................,;•••••

171grstiDfl

Metals •Antimony 1 )( 10-3 1 )( 10-2, 3 )( 10-2 • 4 )( 10-2 3 )( 10-2 6 x 10-2

Arsenic '4 )( 10-3 ' S )( 10-2 6 )( 10-3 -1 8)( 10-2 2 )( 10-1

Barium 3 )( 10-4 4 )( 10-3 S )( 10" - 2 )( 10-1 9 )( 10-3 3 )( 10-2

Beryllium 1 )( 10-5 2' )( 10"" 2 )( 10-4 - 4 )( 10-3 5 )(10-4 4 )( 10""
Cadmium: 9 )( 10-5 ; 1 )( 10-3 9 )( 10-4 • 2 )( 10-2 9 )( 10-4 5 )( 10-3

Chromium ill 2 )( 1()"6 3 )( 1O-s . 2 )( 10-6 - 4 )( 10"" 7)( 100s 1 )( 10""
Chromium VI 5 )( 10-5 6 )( 10" 4 )( 10-5 - 9 )( 10-3 2 )( 10-3 2 x10-3

Copper 4 )( 10-5 5 )( 10-4 1 )( 10" • 9 )( 10-3 1 )( 10-3 2 )( 10-3

Lithium 4)( 10-s S Ie 10-4 5 )( 10-4 -,I Ie 10-2 1 )( 10-3 1 )( 10-3

'Manganese 6 )( 10"" 8 Ie 10-3 3 )( 10-5 - 1 )( 10-1 2 )( 10-2 2 )(10-2

.Mercury 3 )( 10-5 , I 4 )( 10" 6 )( 10-4 - 1 )( 10-2 6 )( 10"" 3 )( 10-3

Molybdenum 4 )( 10'" I 6 )( 10-3 2 )( 10.3 - 3 x 10-2 2 )( 10-2 2 )( 10-2

Nickel 1 )( 10"" 1 )( 10-3 4 )( 10"" - 3 x 10-2 3 )( 10-3 7)( 10-3

Selenium 5 )( 10-5 7)( 10" , 2)( 10-4 -,2 )( 10-2 2 )( 10-4. 5 )( 10-3

Silver 2 )( 100s 3 )( 10'" 4 )( 10'" -Ix 10-2 4 )( 10"" 1 )( 10-3
f~.

Thallium 1 )( 10-3 2)( ,10-2 3 )( 10-2 - 6 )( 10-1 3 )( 10-2 1 )( 10-1

\
Uranium 6 )( 10-3 8 )( 10-2 1 )( 10-3 - 8 2 ic 10-~ 3 )( 10-1

Vanadium 5 )( 10-4 , 6 )( 10-3 1 )( 10-3 - 4 )( 10-2 2 )(1002 1 )( 10-2 ,
. ",' Zinc 3 )( 100s 4)( 10'" 2 )( 10-s -9 )( 10-3 7 )( 10"" 2 )( 10-3

,
Inorganic anions i

Fluoride 9 )( 1()"6
.,

1 )(10"" 4 )( 10-s - 1 )( 10-3 3 )( 10"" 3 )( 10""
Nitrate 4 )( 10~' , 3 )( 100s 6 )( 10-' - 7 )( 10-3 4 )( 10-6 9 )( 10-6
Nitrite 4)( ur7 4 )( 10-' 9 )( 10-6 - 2 )( 10"" 9 x 10-' 6)( 1(T6

PARs
1Acenaphthene 7)( 10-8 8 )( 10-7 NA 1 )( 10-4

Anthracene 2 )( 10-8 3 )( 10-' NA 4 )( 10-s ,
i

Benz(a)anthracene 6 )( 10-' 7)( to-6 5 )( 10-5 - 1 )( 10-3 1 )(10-3 .;
Benzo(b)fluoranthene 3 )( 10-' , 4)( 10-6 NA 6)( 10'" . I
Benzo(k)f1uoranthene 3 )( 10.7 3 )( 10-6 NA S )( 10" :
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TABLE E.1S .(ConL)

Hazard Quotientb

. Residentd

Exposure Route!
Contaminant'

lfl~stilm (eont.)

Recreational
Visitor Ranger Range Median Farmer

•

PAHs (conl)
Benzo(g.h,i)perylerte
Benzo(a)pyr:ene
Chrysene
Fluoranthene
Fluorene
Indeno(l,2,3-cd)pyrene
2-Methylnaphthalene
Naphthalene
Phenanthrene
Pyrene

PCBs

NitrOaromatic
compounds

DNB
2,4-DNT
2,6-DNT
NB
TNB
TNT

1 )( to-7 2 lC 10-6 NA 3 lC 10-4
4 ~ 10.7 4 lC 10-6 NA 6 )( 10-4
6 )( 10.7 7 )( 10-6 5 lC. 10-5 - 1 x 10-3 1 lC 10-3
6 lC to-7 7 lC 10-' 5 x 10-5 - 1 x 10-3 1 x 10-3
8 lC 10-8 1 )( 10-6 NA 1 x io-4
2 )( 10-7 3 x 10-6 NA 4)( 10-'
3 )( 10-' 3 )( 10-5 5 )( 10-5 • 4 )( 10-3 8 )( 10-'
9 )( 10-7 1 )( 10-5 NA 2 )( 10-3
9 )( 10"7 1 )( 10-5 5 )( 10-5 • 1 x 10"3 4 )( 10-'
1 )( 10-' 2 )( 10-5 4 )( 10-5 • 2 )( 10-3 ·8 )( 10-5 -
2 )( 10"3 2 )( 10-2 1 x 10"3 - 4 x 10-1 3 x 10-2 2)( 10-2

5)( 10-5 7)( 10-4 4 )( 1Q"2 - 1 )( 10-1 1 )( 100l
5 )( 10-6 7)( 10-5 NA 2 )( 10"2
5 lC 10-7 6 )( 10-' NA 1 x 10-3

4 :Ie 10-' 5 )( Ilts NA 1 x 10-2
7)( 10"5 8 x 10-' 5 )( 10-2 • 2 x 10-1 2 x 10-1.

4 lC 10-6 4 lC 10"5 NA 1 )( "10-2

•

a lhis table presents information discussed in Section E.42.2.

b A range is not applicable for the recreational visitor or the farmer because hazaro 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 rangeis 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.

C Listed are only those expoSure routes and contaminants for which an EPA reference dose is available.

d For the organic contalIlirtan.ts (PAHs, PCBs, and nitroaromatic compounds), 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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TABLEE.16 Estimated Blood Lead Le~els in Childrena
1 "

Lead;concentration in ,
EnVironmental Mediumb

e
Ground-

Soil Air water
Site Area , (mg/kg) i (pg/m;' .(pg/L)

East of Ash Pond 14,o<>od 0.36 29
East of Ash Pond . 1,900 0,048 3.5
Ash Pond drainage 1,100 0.028 12
North of Ash Pond 7SO 0.019 3.5
Southeast of North Dump 4sod 0.011 11
Between raffina~pits 260 ' 0.0064 3.8
Unspecifi~ 240 0.0060 15

Estimated Lead
Level in Bloodc

(pg/dL)

130
18
11
7.8
5.8
3.7
4.3

Population 0/0
with Blood
Lead Level
>1~/dL

100
93
63
23
5.5
0.22
0.68

, a This table presents information for the ~d5 model analysis discussed in ~tion E.422.

b The value for air was derived from the sqil measurement,. and the value for groundwater was estimated
from contours of available da'ta,except as noted (see text)~

C , Listed ,is the geo~etriCmean for children !o..72 months. '

d Represents the 3-m (10-ft) average at this ~ocation because lead was elevated in the subsurface rather than
the surface. I

e Unspecified indicates that the listed val~was not measured at any specific location; it represents the lead
concentration recently proposed by the Missouri Department of Health (1992) for soil in residential settings.
This value waS assessed in mmbination with, the average concentration of measurements from all
groundwater monitoring wells at the site in which lead was detected: '

e,
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TABLE E.l1 Estimated Chemical Carcinogenic Risks
for the Farmer from Ingestion of Homegrown Food"

Chemical Carcinogenic Risk

Contaminan~

Metals
Arsenic
Beryllium

PARs

PCBs

Nitroaromatic
compounds

Fruits and
Vegetables .

1 )( 10""
1 )( 10'5

2 )( 10-3 .

2 I( 10""

Beef

7)( 10""

Dairy
Products

6 )( 10-3
5 I( 10-11

6 1(10-9

6 )( 10-&

'.

•

• Thfi table pn!5eI\ts information discussed in Section E.4.2.2.
A hyphen indicates that the parameter has not been

. detected in surface soil at the Ash Pond area.

b Listed. are only those contaminants for which an EPA oral
slope factor is available. .

C For comparison,. the risks estimated for ingestion of fruits
and vegetables, beef, and dairy products at the off-site
background location are 1 )( 1<r4, 5 )( 10"", and 4 )( 10-&,
respectively. . .
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TABLE E.19 Prelill'linary Clu!mic:al Carcinogenic: Risks for the Resident
from Ingestion I;)f Drinking Wate~

On-Site ResidentC

Contaminan~

Metals'
Arsenic
Beryllium

PAHs

PCBs

Current

R:ange Median

<2 )( 10-40. - 4 )( 10-40 <2 )( 10-40

Predicted

1 )( 10-3

3 )( 10-5

NP

NP

Background
Resident

Predictedd

NA

NA

a This table presents information discussed in Section E.4.2.2. Predicted risks were
calculated for ill]- infiltration rate of 5 cm/yr (2 in./yr). Possible reductions in
contaminant concentrations during transit to the aquifer for futUre conditions,
e.g., from the biodegradation of nitroaromatic mmpounds, were not considered.
No totals are presented because limited data are available to define curil!nt
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 af12r additional geological and hydrological data become available
to better define .potential migration. . .

b Listed are only those contaminants fur which an EPA oral slope factor is
available.

C For current conditions, estimated for each location from mntours'of data
available for groundwater beneath the site. Listed are the ranges and medians of
the mntaminant-speeific values associa~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 mnditions,
potential riskS were estimated from leaching calculations that used the sitewide
U45 values for soil. NP indicates that a sitewide estimate was not predicted
with leaching calculations because the mntaminant was detected in soil at only a
few locations, for which a location-speeific analysis was conducted (see text).

d Estimated from leaching calculations that used U45 values for soil at the oH-site
bacltground location. NA indicates that the entry is not applicable because
organic contaminants are not present at the background location. .

•

•

Nitroaromatic
compounds

2,4-DNT
2,6-DNT
TNT

<4 )( 10-' - 2 " to-4o
<9 " 10~ - 1 )( 10-3

2 )( 10-7 • 6 )( 10-5

<4 )( to-'
<9 )( 10-'
3 )( 10-'

NP
NP
NP

NA
NA
NA



~ I, £-64, '

I., •TABLE E.2O Preliminary thz~d Quotients for the Resident from Ingestion
of Drinking Wat~ I

, On-Site Residenf'

Cummt Background
Resid'ent

Contaminantb Ran~ Median Predicted ~ictedd

Metals
Antimony ~ <4 ' 1 x 10-1 7,x 10-2'( <.
Arsenic <9 x 10'"1 - 2 <9 ~ 10-1 6 6
Barium <8 x 10-2 - 4 x 1<r1 8 x 10-2 9 x 10'"2 1 x 10-1

Beryllium 'N~ NQ 3 x 10'"3 5 x 10-3

Cadmium NQ NQ 2 x 10-1 7 x 10-2

Chromium ill 3 x 10-2 -i3 x 10'"1 2 x 10-1 1 x 10-5 1 x 10-5

Chromium VI NQ NQ 2 x 10-2 2 x 10-2

Copper N~ NQ 4)( 10-3 4 )( 10'"3
Lithium NQ NQ 6 )( ,10-2 9 x 10-2

Manganese 7 x 10-3 - 2 xU}"1 2 x 10-2 7 x 10-2 7 x 10-2

Mercury <2 10;1 - 1 <2)( 10-2 5 x 10-3 3)( 10-3

-, Molybdenum <3 x '1<)-1 - 6 ,<3)( 10-1 2)( 10-1 2 x 10-1

~ Nickel <5 x 10'"2 15 x 10'"1 <5 x 10-2 1 x 10'"2 2 x 10'"2
'I' Selenium NQ NQ 7 x 10-3 3 x 10-2

, Silver NQ NQ 3)( 10-3 1 x 10-3

,Thallium <2 ~ 2 i< 101 4 2 x 10-1 1
Uranium <1 'x 10-1 ~ 4 )(10'"1 <1 x 10-1 3)( 10-1 5 x 10-3 •Vanadium NQ NQ 1 )( 10-1 2 x10-1

Zinc NQ NQ 8 x 10-4' 6x 10-3

Inorganic anions i
<1 x 1<}"1 1 x 10-2 1 x ler2Fluoride <1 x 10'"1 - 1

Nitrate <4 x 10"3 i 2 x 102 1 )( 101 8 )( ler3 3 x 10-2

Nitrite NQ NQ NQ NQ

PAHs I NP NA-:
I

PCBs NP NA

Nitroaromatic , .
\compounds

<1 x 10'"1 _1 6 X 10-1 <1 X 10-1
I

ONB NP NA
2,,~ONT' <6 x 1&.2 - 1 <6x 10'"2 NP' NA

, 2,,6-DNT d x 10'"1 _is x ler1 <1,)( 10-1 NP NA
NB <3 x 10'"2 -:1 x 10-1 <3 x 10-2 NP NA
1NB <3 )( 1<i1 - 9 <3 x '10-1 NP NA
TNT <5 x l<i2 - 4 <5 x 10-2 NP NA



•

•

•

£-65

TABLE E.20 (ConL)

a This table presents information discussed in Section E.4.2.2. 'Predict2d risks were
calcUlated for an infiltration rate of 5 cm/yr (2 in./yr). Possible reductions in
contaminant concentrations during transit to the aquifer for future conditions; e.g., &om
biodegradation of the nitroaromatic CDmpounds, were not CDnsidered. No hazard index
is presented because limited data are available to define current conditions and. for
predicted (futwe)c:onditions, 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.

C For current CDnditions, estimated for each location from CDnlours of data available for
groundwater beneath the site. List2d are the ranges and medians of the contaminant­
specific values a~atedwith borehole locations across the site; a hyphen indicateS that
the parameter has not been detect2d 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 CDntaminant was not contOured
because maximum CDncentrations 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~5
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.

d Estimated from leaching calculations with~s values for soil at the off-site background,
location. NA indiCates that the entry is not applicable because organic CDntaininants are
not present in soil, at the background location.
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TABLE E.2i''''Estfmated Total Cardnog;~c Risks and' Hazard ."Indexes·

Health Hazard
Carcinogenic Riskb Index for

Noncarcinogenic

Receptor Radiological Otemical Combined Effectsc

Recreational visitor 6 l( 10-5 2 l( 10'" 6 l( 10-5 0.02

Rangerd

6)( 10-4 -I l( 10-2 2 l( 10-5 6 l( 10~ • 1 )( 10-2 0.3 ·O.SRange
Median 7 x10" 2 )( 10-5 8)( 10~ 0.4

Resident
Range 1 )( 10-6 - 9 )( 10-2 3 l( 10-6 - 6' )(10~ 4 l( 10-6 - 9 )( 10-2 0.09 -9
Median 2 )( 1<)" 3 )( 10-5 2 l( 10~ 0.6

Farmer· 1 )( 10-2 2)( 10" 1 )( io-2. 11

• This table presents information ,discussed in !?ection E.6.2. Potential contributions from drinking water
ingestion are shown separately (Tables E.t2, E.t9, 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).

b Values shown represent total risks (i.e., including background). for all exposure pathways except radon
inhalation and external gamma irradiation, for which incrementa! risks were calculated. The combined risk
represents the approximated sum of radiological and chemical risks, considering the differences in borehole
locations and estimation methods (see text). '

C Represents the totals for all critical effects, i.e., the listed hazard indexes have not been segregated according to
th'e target organ and mechanism of action; for the farmer at the Ash Pond area and for the resident at several
locations, the segregated hazard index also exceeds 1.

d For chemical risks. because the variation is small and the results are rounded to one significant figure, the range
and median are represented by the same value in this table. .

e Results for the farmer include the contributic:>r; from Ingesting homegrown food. The estimated radiological and
chemical risks for this pathway are 7 )( 10"·and·2 )( 10", and the respective background .risks are 5 )( '10-5 and
1 )( 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 )( to-5 (Table E.13).

• •



•

•

•

E-67

E.7 REFERENCES

Baes, C.F., et aI., 1984, A Review and Analysis of Parameters for Assessing Transport of Environ­
mentally Released Radionudides through Agriculture, ORNL-5786, prepared by Oak Ridge National
Laboratory, Oak Ridge, Tenn;, for U.S. Department of Energy, Oak Ridge Operations, Oak JUdge,
Tenn.

. Centers for Dise~ Control, 1991 Preventing Lead Poisoning in Young Children, prepared by the
Centers for Disease Control~ U.S. Department of ~ealthand.Human_ Services, Public Health
Service, Atlanta, Ga., Oct. .

Cross, F.T., N.H..Harley, and W. Hofmann, 1985, Health Effects and Risks from 222Rn in Drinking
Water, Health Physics, 48(5):649-670. .

Dinan. J., 1991, personal communication from J. Dinan (U.S. Environmental Protection Agency, .
Toxies Integration Branch, Washington, D.C.) to L. Haroun (Argonne National Laboratory, .
Environmental Assessment and Information Sciences Division, Argonne, ill.), Sept. 21.

DOE: see U.S. Department of Energy.

EPA: see U.S. Environmental Protection Agency.

Freeze, R.A., and J.A. Cherry, 1979, Groundwater, Prentice-Hall, Inc., Englewood Cliffs, N.J.

Gilbert, T.L., et aI., 1983, Pathways Analysis and RJuliation Dose Estimates for RJulioactive Residues at
( ., ,

Formerly Utilized MED/AEC Sites, ORo-832 (Rev.), prepared by Argonne National Lab~ratory,
Division of Environmental Impact Studies, Argonne, m., for U.s. Department of Energy, Oak
Ridge Operations, Oak Ridge, Tenn., March 1983 (reprinted With corrections: January 1984)..

Gilbert, T.L., et aI., 1989, A Manual for Implementing Residual Radioactive Material Guidelines,
ANL/ES-160 (DOE/CH/8901), prepared by Argonne· National Laboratory, Energy and
Environmental Systems Division, Argonne, m., for U.s. Department of Energy, Assistant
Secretary for Nuclear Energy, June.

Jones, c., 1990, MemorandUm from C. Jones (MK-Ferguson Company, Boise, Idaho) to K. Meyer
Oacobs Engineering Group, St. Charles, Mo.), Sept. 7.

Longtin, J., 1990, Occurrence of Radionudides in Drinking Water, A National Study, in Radon,
Radium, and Uranium in Drinking Water, c.R. Cothern and P.A. Rebers (editors), Lewis
Publishers, Chelsea, Mich.

Mabey, W.R., et aI., 1982, Aquatic Fate Process Data for Organic Priority Pollutants, EPA 440/
4-81-014 (PB87-169090), Final Report, prepared by SRI International, Menlo Park, Calif., for
U.S. Environmental Protection Agency, Office of Water Regulations and Standards, Washington,

·D.C. .



£-68

,MacDonell, M.M., et al., 1990, Engineering Evaluation/Cost Analysis for the Proposed Management~f

Contaminated Water Impounded at the Weldon Spring Chemical Plant Area~ DOE/OR/21548-106,
prepared by.Argonne National Laboratory, Environmental Assessment and Information Sciences

,Division, Argonne, m., for U.S. Department of Energy, Oak'Ridge Operations Office, Weldon'
Spring Site Remedial Action Project, St. Charles, Mo., July. ' ,

.Mills, W.A., 1990, Risk Assessment and Control Management ofRJulon in Drinking Water, in Radon,
; Radilim, and Uranium in Drinking Water, C.R. Cothern and P.A. Rebers (editors), Lewis
-:Publishers, Chelsea,Mich.'.,
Fr

Milvy, P., and c.R. Cothern. 1990, SctentiJU Background fOr the Development of Regulations for
RJulionuclides in Drinking Water, in· Radon, Radium" ~d Uraniu#\' in Drinking Water,
C.R. Cothern and P.A. Rebers (editors), Lewis Publishers, Chelsea, Mich.

Missouri Department of Health, 1992, Any-Use Soil Levels for Residential Settings; Proposed Rule
(19 CSR 20-9.020), Missouri Register, 17(17):1299-1304, Sept. 1.

fr-Napier,~.A., et al., 1980, Assessment of Effectiveness ofGeologic Isolation Systems, ARRRG and Food
,- CompUter Programs for Calculating Radiation Dose to Man from Radionudides in the Environment,
, PNL-3180, prepared by Pacific Northwest Laboratory, Richland, Wash., ·for U.S. Department of
,Energy, Office of Nuclear Waste Isolation.

'Ng, Y.c.; C.S. Colsher, and S.E. ThompsoIt 1979, TranSfer Factors fur ASsessing the Dose from
Radionuclides in Agricultural Products, in International Symposium on Biological Implications of
Radionuclides Released from Nuclear Industries, IAEA-SM-237/54, International Atomic Energy

t. Agency, Vienna, Austria.

.. Ozkaynak, H., et al., 1991, 'Relationship Between Indoor, Outdoor,'and PersOnal PMlCi Preliminary
Results from the Particle TEAMS Pilot Study, Conference on Measuring, Understanding, and
Predicting Exposures in the 21st Century, Atlanta, Ga., Nov. 18-21. '

Seiler, H.G., and H. Sigel (editors), 1988, Handbook on Toxicity of Inorgan.ic Compounds, Marcel
Dekker, Inc., New York.

,'~ Stem, A.c. (editor), 1976, Air Pollution - Volume I, Air Pollutants, ~r Transformation and
Transport, 3rd ed., Academic Press, New York.

Stevens, J.B., 1991, Disposition ofTori!: Metals in the Agricultural Food Chain; 1, Steady-State Bovine
, Milk BiotransJer Factors, Environmental Science andTechnology,2S(7):12.89-:l294.

, Travis, c.c., and A.D. Arms, 1988, Bioconcentration of Organics in Beef, Milk, and Vegetation,
Environmental Science and Technology, 22(3):271-2~4.

','

•'
"

"I

•



£-69

• U.S. Department of Energy, 1990a, Baseline Risk EvalUlltion for Exposure to Bulk Wa;t~ at the
. ·WeIdon Spring .Quarry, Weldon Spring, .Missouri, OOE/OR/21~65, prepared by Argonne

Nationall..aboratory, Environmental Assessment and Information Sciences Division, ArgoIUle,
.m., for U.S. Department of Energy, Oak Ridge Operations Office, Weldon Spring Site Remedi81.
Action Project, St. Charles, Mo., Jan. .

U.S. Department of Energy, 1990b,Feasibility Studyfor Management ofthe BuIIc Wastes at the Weldon
Spring Qaulrry, Weldon Spring, Missouri, DOE/OR/21548-104, prepared by Argonne National
·Laboratory, Environmental' Assessment and Information Sciences Division, ArgoIUle, m., for
U.S. Department of Energy, Oak Ridge Operations Office, Weldon Spring Site Remedial Action
ProjeCt, St. Charles, Mo., Feb. .

•

•

U.S. Department of Energy, 1992a, Baseline Assessment for the ChemiC/l1 Plant Area of the Weldon
Spring Site, DOE/OR/21548-091, prepared by ArgoIUle National Laboratory, Environmental
Assessment and·Information Sciences Division, ArgoIUle, m., for U.S. Department of Energy, Oak
Ridge Field Office, Weldon Spring Site Remedial Action Project, St. Charles, Mo" Nov.

U.S. Department of Energy; 1992b, RemedW InvestigatiOn fur the Chemical Plant Area of the Weldon
Spring Site, OOE/OR/21548-074, Rev. 0, Vols. I-U, prepared by MK-Fergusort Company and
Jacobs Engineering Group, Weldon Spring, Mo., for U.S. Department of Energy, Oak Ridge Field.
Office, Weldon Spring Site Remedial Action Project, St. Charles, Mo., Nov..

U.s. Environmental Protection Agency, 1989a, Exposure Fadors Handbook, 'EPA/600/8-89/043,:
Office of Health and Environmental Assessment, Washington, D.C., July..

U.S. Environmental Protection Agency, 1989b, Determining Soil 'Response Action Levels Based on.
Potential Contaminant Migration to Ground Water: A Compendium ofExamples, EPA/540/2-89/057,
Office of Emergency and Remedial Response, Washington~ D.C., Oct.

u.s. Environmental Protection Agency, 1989c, National Emissions Standards for Hazardous Air
Pollutants; Radionudides, Final Rule (40 CFR Part 61), Federal Register, 54(240):51654-51715;
Dec. 15.

U.s. Environmental Protection Agency, 1990, National Oil and HJlzar,dous Substances Pollution
Contingency Plan; Final Rule (40 CFR Part 300), Federal Register, 55(46):8666-8,865, March 8.

U.S. Environmental Protec.tion Agency, 1991a, Human Health EvalUlltion ManUllI, SUpplemental
Guidance: "Standard Default Exposure factors, " memorandum from T. Fields, Jr. (Acting Director,
Office of Emergency and Remedial Response) and B. Diamond. (Office of Waste Programs
Enforcement), to Director, Various Divisions, Regions I through IX, OSWER Directive 9285.6-03,
Office of Solid Waste and Emergency Response, Washington, D.C., March 25. .



E-70

u.s. Enviro~ental Prot~on Agency,l991b, National Primary Drinking Water Regulations; e,
Rildionuclides; Proposed Rule (40 CFR Parts 141 and 142), Federal Register, 56(138),:33050-33127,
July 18.

I.. t·#l ',' . . . ' ." ",
U.S. Environmental Protection Agency~.1992,A Citizen's Guide to Radon, 2nd ed., Office of Air
and Radiation, Washington, D.C., May. . .

e

.•:



•

•

•

F-l .

APPENDIXF:

POTENTIAL HEALTH IMPACTS OF REMEDIAL ACTION



~' .

~-.

f-2··

'~.'"

•

•

•



•

•

•

F-3

APPENDIX F:

POTENTIAL HEALTH IMPAcrS OF REMEDIAL AcrION

Potential health impacts of remedial action at the Weldon Spring site were assessed by ,
estimating the radiological~d chemical risks to workerS and the general public that could result
from exposure to site releases. Such releases could occur during the excavation, t:reabnent,
transportation, and disposal activities associated with implementing anyone 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 evaluatedwere noncarcinogenic impacts for cheJIiical contaminants
and the potential for occupational injuries and fatalities.

The U.5. Environmental Protection Agency (EPA) has develOped guidance for assessirig
risks associated with cleanup activities at a,National Priorities List (NPL) site (EPA 1991b). The
methodology in this guidance generally parallels that for assessing health impacts associated
with baseline conditions at ~ site (EPA 1988b, 1989a). The scope of the assessment presented in
this appendix is limited to impacts resulting from remedial action activities. Other components
of the risk assessment process for the site are presented in the baseline assessment (BA)
(U.5. Department of Energy [OOE] 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 SA; thus, the' following discusSion references the SA 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 SA (DOE 1992a) and in the rebaseline
assessment presented in Appendix E.

Alternative 6a cOIl,Sists of removing the contamirtated matenal;chemically treating the
sludge, soil, and sediment from the raffinate pits and the quarry (the quarry material would be
in storage at the temporary': storage area as a result of implementing a previous remedial action);
and disposing of ali contaminated material in an on-site cell. Alternative 7 consists of removing
the contaminated qlaterial; ~trifying 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.lthrough F.'6, and the risks from transporting the waste to an off~ite facility
(Alternatives 7b and 7c) are assessed in Section F.7. A summary comparison of potential health
impactsfor the action alternatives 'is prese~ted in Section F.8.
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e
Both radioactive and chemical' contaminants are present in waste residues and soil at.

. ' the Weldon Spring site; the nature and ~xtent of site contamination is presented in detail in the
remedial investigation (RI)(OOE 1992b) and SUIlUIl3rized 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 ror. site
, operations and an evaluation of the characterization <J.ata with respect to (1) the distribution and .
.~. conc~ntrations ofcontaminants in environmental media and (2) the potential contribution Qf con­
: taminants 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 remedial action period. All but two of the contaminants were retained for
. . this assessment; radon-220 and asbestos. were eliminated because the primary sources ofelevated

concentrations of these two contaminants - the ~emical plant buildings - are scheduled to
.be dismantled as part of ~terim response actions for the site prior to the remedial action
addressed in thisFS (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-231 decay series that were included in the BA (except radon-220) were conside~d. For
. chemical contaminants, risks were assessed for metals, inorganic anions, polycyclic aromatic
'. hydrocarbons (PAHs), pOlychlorinated biphenyls (PCBs), ~d nitfoaromatic compounds.' e:
F.2 EXPOSURE PATHWAYS

~; . . A complete exposure pathway consists· of four components: (1) a source and
, mechanism of contaminant release t'othe ,environment (e.g., excavation of contaminat~ soil),

(2) an'environmental tranSport medium' (e.g., air) for the release'd 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., inhalation) at the exposure point.
, ,.

The primary sources ofcontamination at the sIte are the raffinatepits, Frog Pond, Ash
r; Pond, SouthDump, North Dump, coal storage area, temporary storage area (l'SA), and material

... staging area (MSA) (Section 1.3.3).. Iri addition to these source areas, Soil at scattered locations
on-site and at several locations off-site has been con~ted as a resuit of contaminant

: transport and/or past releases. ,The off-site lqcations .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 docuinentation. Rein~ action activitlessuch 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:

• Emission ofradon-222 from radium-contaminated material to the.
atmosphere,

,,

! '

•



•

•

F-S

• Emission of gamma radiation from radioactively contaminated material
to the atmosphere, and

• Emission of fugitive dust from radioactively and chemically contami­
nated material to the atmosphere.

ExposUre can alSo occur through direct contact with radioactively and chemically contaminated
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, andiwaste 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 modeling is summarized in Section F.4.1.2. Because ~gitive 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 potential worker exposure
from incidental ingestion of contaminated soil was assessed as well.

The fence surrounding the site and the presence' of workers and guards preclude
unauthorized entry by a member of the public for any significant amount o( 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 ~e. 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:

• Inhalation of radon-222 and its short-lived decay products,

• External gamma irradiation,
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• Inhalation of radioactively and chemically contaminated airborne dust,'

• ,Incidental ingestion,ofradi<;>actively and chemically contaminated soil,
and '

• Ingestion of garden produce grown on contaminated soil.

F.3 POTENTIAL RECEPTORS AND EXPOSURE SCENARIOS

F.3.1 General Public

The general public could pQtentially be exposed to radioactive and chemical contami­
nants from the site viaairbome dust and gaseous emiSsions generated during the esfunated
7 years that contaminatedmatenaJ. 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
.receptors 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 iJ;ldivid~,workiilg at the nearby highway maintenance facility; the • ,:
Army Reserve Training Mea, and the Busch Wi,ldlife Area headquarters. These off-sitereceptors
'and the scenario descriptions are given in Table F.(; the receptor locations are shown, in ,
Figure F.l.

t·;,

The assumptions and intake parameters used to estiIrlitte 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
- ' fot the four nearby residential receptors - the ingestion of fruits and vegetables grown in
home gardens. Although other potenQal receptors could be identified for the general public
(e.g., individuals driving by the site on State Route '94 or visitors to the Weldon SpiingWildlife

;:z Area), risks to these receptors were not explicitly evaluated because their exposures would be
~ less~ those estimated for the specific receptors considered in this analysis.

In addition to assessing the potential health risks to these individual receptors, the
.potential health risksassOctated 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 SO-km (50-nu) radius of the site. In the second analysis, the estimated risk was

·For readability, aU, tables in this appendix are presented in sequence at the end of the text of the
appendix.

!

e\
1



calculated for all individuals within a reasonable radius of impact, which was deternlined to be
5 kID (3 mi) from the center of the site. This smaller'radius 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 bOWldary (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 backgroWld, which corresponds to the negligible individual risk level defined
by the National COWlcil on Radiation Protection and Measurements (NCRP 1987b).
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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 E.6). Thus, the potential health risks to
members of the potentially impacted population are represented by those estimated for exposure
to radioactive contaminants.

•

The probability of accidents involVing the release of large quantities of contaminated
material is low for several reaSOils~ 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 wo~ld 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 pennitted 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 ciirbome releases. Operations wotild be monitored to ensure that all systems were
operating ~. 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, afrbome releases resultirig from accidents occurring on-site would be small
compared with releases from routUt.e remedial action activities. For example, a probable accident
could involve a spill from it trock transporting material on-site; if all the truck contents were
spilled, such an accident .. would involve about 15 $3.<20 yd3) of material, whiCh is small
compared with the volume of contaminated material that wouldbe handled on a daily basis, Le.,

: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. ASses'sment of the 'potential
impacts associated with transportation of the waste off-site (including acCidents) is presented in
Section F.7. . .

AsseSsment of potential worker exposures included both on-site office workers and
~~remedial action· workers directly involved in handling contaminated material. The principal
~_~asstimptionsassociated with estimating these exposures are given in Table F.i The population

risks to on-site office workers and remedial action 'workers were also assessed.

Remedial action workers and, on-site office workers could be exposed to site
contaminants while the various activities required to implement the selected alternative were
being conducted. The potential 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 keep·ing 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 supplied with protective clothing and equipment
(such as respiratory protective equipment), as required. For this assessmerit, itwas 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 airborne'.

Accidents that might occur during the various activities associated 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 (If an accident. Because potential worker exposures .
resulting from an accident irivolving contaminated material would be similar to those occurring

••

I
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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~ONCENTRAnONS

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 anddeposited particulate concentrations at nearby receptor locations (Appendix C, ~-.
tion C.l.3.l) to estimate exposure point concentrations in the air and on the ground at these
locations. . -

Exposure point concentrations were estimated separately for ~ on-site disposal
alternatives, Alternatives ~ (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 contamiilants in air and soil for Alternatives 6a and 7a are discussed in
SectionsF.4.1 and F.4.2, respectively.

F.4.1 Air

F.4.1.1 Airborne Particulate~-

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 me various media ,bemg remediated and the estimated air concentrations of respirable (i.e.,



. F-lO

. PM-lO·) partiClilates r~ulting from excavation; treatment, loading/unloadirig, and·gtadplg ~d" .....
compacting activities. The methodology used to estimate PM-tO particulate concentrationS at
the exposure points beyond the site perimeter and at the on-site office building is described in
detail in Appendix C. Orily the PM·lO estimates for fugitive dust originating from contaminated

.areas were used in this assessment; PM-lO 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 arepresente4 in'Table F.7 forradionuclides 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.

•••
. . "

i
I

j

. . ,

The models used to es~te airborne particulate concentrations cannot be applied to
an area close toa source, such as at the working face during excavation Thus, the average

.' concentration of total airborne particulates to which aremedial act!~nworker (receptor K) would .
be exposed was assumed to be 5.0mg/m3, which is 33% of that allowed for worker exposure

,.to nuisance particulates without requiring respiratory protection (see Appendix G,'Table G.2).
.:,Dwing remedial' action activities, dust control measures would be implemented to contr.ol air
.: particulate concentrations to this level, or respiratory protective equipment would be worn by
the workers. The PM-lO particulate concentration was assumed, to be one-fifth of the total

..airborne particulate concentration, i.e., 1.0 mg/m3• 1his assumption is consistent with
information provided in EPA (l989c). Because the worker would be involved in cleanup .•
activities across the site, the airborne contaminant ,concentrations' used to estimate inhalation
exposures for this receptorwere derived from~5 (95% upper confidence liinit of the arithmetic, .• ~

"average) con~t concentrations in sitewide soil.·

I,
I,

. I,

-The term PM-to refers to th~ respirable fraction of particulates, i.e., particulates with an aerodynamic
diameter of SlO JIm.
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radius of 80 kIn (50 mil around a ~dlity. The airborne contaminant release rate from the site
was modeled ~y 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 additional information regarding the radiological
population dose assessment).

F.4.1.2 Radon

In addition to radioactive particulate 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 ~ 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 perioti for
Alternatives 6a and 7a..·Th~ annual average release rates are 35 and 50 Ci/yr for Altemati';'es 6a .
and 7a, respectively. The amount of radon released would be higher for Alternative 7a because
of releases associated with the vitrification process.

. The risk associated with radon-222 is due primarily to the inhalation of its ·short-lived
decay products. Thus, the concentration of radon-222 alone is not a. good measure of the hazard
associated with this radionudide. 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 iU1Y combination of short-lived radon decay
products in I liter of air, without regard to degree of equilibrium, that will result in the emission
of 1.3 x loS 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 withradon-222.
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The WLRs for 'the ~arious exposure points ~ere caIculated with the algorithm incorporated in, '.,
the CAP88-PC' computer, code..The estimated exposure point concentrations of radon-222 (in '
pCi/L) and.itsshort:-lived decay products (in WL) associated with remedial action activities at
the Weldon Spring site are given in Table E7. '

The average conceritrationof radon-222 decay products to which remedial action
workers would "e expose4 is estimated to be 0.001 wt (DOE 1987). This value is based on past

.. experience at uranium 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
exposures. Therefore, this average value is used to estimate radon-222 exposures for remedial
action activities at the site.' "

, F.4.2 Soil

Radioactive and chemical contaminants could be deposited in-the soil at the off-site
- receptor ~ocations 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 cOrisidered'. . The methodology and assumptions used to .
·estimate the amount of deposited airborne partlculat,es are given in Appendix C,Section C.1.3.1.

The exposure point concet:\trations of radioactive and chemical contaminants 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 contaririnants in soil at each receptor location'are

. given in Table F.lO for Alternatives 6a and 7a. Chemical concentrations in soil are given in
", Table F.Il for Alternative 6a and Tabie F.12 for Alternative 7a.For the on-site office worker and '
: an off-site receptor locations, the soil concentrations represent the contaminant concentrations
.. ' accumulated over the 7-yeM cleanup period. "

The external gamma exposure ~te to which relI\edial 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.
e 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 beO.012mrem/h, including the background contribution of 0.0095 mrem/h. The
latter values are based on the sitewide~5 gainma exposure rate of 0.013mR/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

il '
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activities would not occur in proximity to the more highly contaInirulted material, an average
dose rate of 0.05.mrem/h above background was used to estimate the doses to workers from
exposure to external gamma radiation.

F.4.3 Comparison with Standards and Criteria

PreVious EPA guidance for baseline risk assessments at NPL sites (EPA 1986) reqUired
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 (ACGlli), and the
National Institute for OccuPiitional Safety and Health (NIOSH).

F.4.3.1 Radioactive Contaminants

- Forradioaetive con~ts,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 ai! concentrations (DACs) for protection of
members of the general public and workers, respectively, from airborne radioactive contaminants
are provided 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 equivalent of
100 mrem under conditions ·ofcontinuous inhalation exposure for 1 year. Thesevalues 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 m3 of air per year (i.e.,
1.2 m3/h during a 2,()OO-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
radionudides at on-site receptor locations (receptors J and K) are considerably below the
corresponding DACs.
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F.4.3.2 ,Chemical Contaminants

. Standards and guidelines, tfuit are availabie' fOI-occupational exposures to, .chemicals
include the permissible exposure fu:rtits (PEls) of Q$ijA; the thiesholcilimitvalues (TLVs) of the

, ,ACGIH; and the recommended exposure limits (RELs) ofNIOSH~nu~PELs are promulgated
·standards and are pertinent to worker exposure during implementation of the selected remedial
action alternative. In addition, DOE Order 548().4 reqUifes that worker exposures not exceed the
TLVs established by the ACGIH. Site workers would not be exposed to airborne contaminant

. ,.concentrations in excess of the. more restrictive of·these values. The estimated exposure point
concentrations for Alternatives 6a and 7aare 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 1<)'. are considerably below the .
recommended.occupational exposure limits. '

F.S ESTIMATED DOSES AND INTAKES OF CONTAMINANTS

Estimates of exposure are based on the, contaminant concentrations at the exposure
..,points (section F.4) and scenario-specific assumptiOns and intake parameters. Scenario-specific

<:assumptions include factors such as the age and weight Of a 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 assumptions used to esmnate radiological and •
chemical exposures for the general public and workers are disCUssed in Section F.3. and
,summarized in Table F.2.

For radioactive contaminants, exposure. is expreSSed in terms of (1) the 50-year
, . committed effective dose equivalent for all exposure pathways except inhalation of radon-222

and its short-lived decay p~oductsand (2) the working-levelmonth for inhalation of radon decay
products .(see Section 3.4.1' of the SA [DOE 19913] for additional 'discussion of these concepts).
For chemical contaminants, exposUre i.$ expressed in terms of intake, which is the amount of
contamiriant taken into the body per unit body weight per unit time. Exposures were estimated
for the radioactive and chemical containinants'for each ofth~rE!Ceptorsidentified in Section F.3

·for both Alternative 6a and·Alternative7a. '. .

· F.S.IGeneral Public

F.S.l.l Radioactive Contaminants

Radiological exposures were calcuJ.ated for each individual receptor with pathway­
, specific 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 dw:ing the cleanup period could deposit
on the ground, resulting in three additiorial pathwaysotexposure~ external gamma irradiation,

I
, ,
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incidental ingestion of contaminated soil, and ingestion of homegrown produce. Although these
three potentia!' exposure pathways are not expected to be significant, the radiation doses
associated with these pathways were evaluated for completeness.

The SpeCific 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 ingestio,n of
soil, Equation 3.10; and inge\stion 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 groWld would' be

. insignificant (i.e., less than 0.1% of the total dose). Therefore, the radiological doses associated
with these three exposure routes were not considered further ~ 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 accoWlt 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 p*blic 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 the~ radiologieai
exposures are discussed in Sections F.6 and F.7. All doses to members of the genefal public are
well below the limit of 100 mrem/yt specified in DOE Order 5400.5.

In addition to estimating doses' to individual receptors, the off-site population doses
from radioactive contaminants were calculated for all persons residing within an 80-km (SO-mi)
radius of the site (about 3 million persons). The CAP8S-PC computer code was used to estimate
populationdoses for exposures from inhalation, ingestion. and external gamma irradiation from
air immersion and radionuclides deposited on the groWld. 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 persolis are estimated to reside
(Section F.3.1). (This estiII'iate is based on 1990 census data and the .average population density
of St. Charles COWlty. The number of people actually residing withiri this radius is significantly
lower. Hence, the population doses calculated for the potentially iIripacted population are
overestimated.) The estimated doses to the population residing within 5 and 80 km (3 and
50 mil of the site over the entire remedial acti()n period are 5.5 and 34 person-rem, respectively,
for Alternative 6a and 4.6 ~d 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.n
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, ,
, F.5.1~2 Chemical'Contaminants,

· EXp'os~s to chemical con~ts in tenns of intake were estimated for each
individual receptor with roure-specific equatiorl$ ~ and receptor-specific intake variables
(Table F.2). In general, to estiIriate 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
variOlis 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.S.2 Workers , "

•

'l\,

... During the remedial action period, 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.lS;
.~ these values were used to estimate the collective impacts to workers for each alternative. The, ".'
';esnmated remedial action worker requirementS range from 560 to 1,100 person-years for
,Alternative 6a and Alternatives 7b and 7c, respectively. In addition, about 20Pindividuals
·would be working on-site~ 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
" (receptor nare given inTable 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
f' releases. H respiratory protective equipment were used, ,the only significant exposure pathway
· for workers would be external gamma irradiation.

Cleanup activities are expected to occur during 7 years of the lo-year remedial action'
. period., Because of the variety of activities involved, it is unlikely that any individual would

work continuously qn site cleanup activities for the entire 7 years. However, for this analysis,
, 'it was as~ that a worker would be exposed to site contaminants· for 7 years. This

~' calculation prOvides a cor\servative estimate ~f the health risk for any iridividual remedial action
" worker.

Following completion of remedial action activities, exposures of workers would be' •.
negligible because only monitoring and maintenance activities wouid be conducted and few
workers would be' involved. These activities would be similar for all of the alternatives becaiJse
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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, ifmajor
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 Radioactive Contaminants

Radiological exposures to workers were generally calculated in the same manner as
exposures to members of the public (Section F.S.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 O.34rem/yr
from all pathways except inhalation of tadon-222 decay products, which is estimated to be
0.025 WLM/yr. On the basis of the dose conversion factor of 1 rem/WLM giyen in P~blica­
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 Alternative 7a, 7b, or 7c (based on the worker projections
given in Table F.1S). .

The 9ccupational doses associated with transportation for Alternatives 7b and 7c are
presented in Section F.7.3~1. These doses would be due exclusively to extemalgarnma
irradiation because the waste material would be pa~ged 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.Sperson-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 estinlated for remedial action-workers, i.e., 150 person-rem for Altemative.6a and
260 person-rem for Alternative 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 occurring radon-222 decay products arid a dose of about 140 person-rem from natural e,
sources of radiation other than radon. The doses incurred by on-site office workers as a result
of remedial ,action activities would Qe very low compared with those resulting from natural
sources of radiation ' "

F.S.2.2 Chemical Contiminants

. Cherrucalkttakes fOr the office worker, (recePtor J) and the re~edial action worker
, ~ (receptor I<) were estimated in the same manner as for members of the general' public
"(Section F.5.1.2). 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 ca1cWate 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 ",~ntedfor 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

" The potential health risks to the general public and workers fro~ site cleanup activities • '
were estimated for both radionuclides and chemicals; these risks are diScUssed,in SectionsF.6.1,
and F.6.2, respectively. Potential risks were alsO estimatedfor nonexposure-~latedoccupational
acddents that could occur during remedial action, and these risks are discussed in Section F.6.3.

F.6.1 Radiological Risks

Radiological risks to the general public and workers were estimated on the 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 10-7/mrem for all expoSure pathways except
inhalation of radon-222 and its short-lived decay product:$ used by the BPA (~989b) and (2) a risk
factor of 3.5 x 10-4/WLM for inhalation of radon-222 decay products recommended in the
BEIR IV study (National Research Coundl1988). 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 are~given 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 remedial action alternatives. ,For purpoSes of comparison, the dose from background
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radiation is abciut 300 mrem/yr (NCRP 1987a). This dose corresponds to an annWl risk of about
2 x 10-4/yr for cancer induction or about 1 x lO-3 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 10~2 and 3 x 10-3, respectively, for· either Alternative 6a or 7a. (The actual radius of
impact is probably less than 5 kmon the basis·of the very low radiological risk estimated for off­
site individuals within 3 -Ian of the site.) It is unlikely 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 extremeJY low on the basis of the distance to the nearest re.sidences from the
likely disposal 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 io-3• 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 10-4. The collective risk to the entire work force is estimated to
be 9 x 10-2 for Alternative 6a and 2 x 10-1 for Alternative 7a, 7b, or 7c. Th~ risk to an office··
worker at the Weldon Spring site is estimated to be 6 x lO-1 for Alternative ~a and 8 x lO-7 for
Alternative 7a, 7b, or 7c; the corresponding collective risks to all on-site office workers are
estimated to be 1 x 10-4 and 2 x· 10-4, 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 radioactivecontaminailts.

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 kilogram of
body weight, assuming 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;, irihalation or .
ingestion. The slope £actors 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 0 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 10-10 to 3 x 10-8 for
Alternative 6a and from 5 x to-10to 3 x 10-8 for Alternative 7a. Because these risks are very low,

: no adverse effects to the general public are expected to result from exposures to chemical
-carcinogens during remedial action activities.
~t

+ The chemical carcinogenic risk estimated for·the on-site office worker is '5 x 10-8 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 10-5. This value
represents the risk from handling contaminated material each work day over the entire 7-year
cleanup period.. For~ assessment, it was assumed that workers would wear respiratory
protective equipment only when handlir\g the raffinate pit sludge and contaminated material at
the TSA susceptible to becoming airborne. However, r~spiratory 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 pl1!vent the incidental ingestion of soil.
·'Thus, the actual risk to a reInedia1action 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.6.2.2 Noncarcmogeni( Risks

Potential adverse health effects resulting from exposures to noncarcinogens are assessed
by comparing estimated intakes toEPA-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 cmd 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 wou1~ have been more appropriate for this receptor. However,

chronic reference doses are the same or lower thansubchronic reference doses, so the use' of
chronic reference doses ~ults in potentiauy overestimating the .likelihood 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

individualchenu.'cal; 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 potential e;
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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swn may be greater than 1. In this case, the major toxicological effects and mechanisms of action
of the individUa1 chemicals are examined to determine the· potential impact associated with
exposure to multiple qmtaminartts. 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; this 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 and7a, 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 concernEor noncarcinogenic effects (i.e.,
a hazard index of greater than 1). Although the lack of reference doses for some contaminants
resplts in underestimating·· the potential for adverse health effects based on the. overall hazard
index, 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 oil.-site office worker for either Alternative 6a or Alternative 7a
is 0.Og1, which is well below the level of concern. 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 ~th effects to.
this individual. (The method for segregating the hazard index is described in Section 5.1.2.2 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,
~ practice, workers would be provided with respiratory protective equipment during many of
the remedial action activities (which would also prevent incidental ingestion of soil). lienee, 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 Occupational Accidents

Occupational accidents could occur during the various activities associated with
implemennng anyone of the final· action alternatives. The estimated numbers of potential
occupational fatalities· and· injuries are summarized in Table F.ll; these impacts would be
expected to occur during any construction project of simi.IM 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 anyone 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 inddencerate 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$ Department of Labor 1988, 1990), which is much less than twice the .
average rate for construction (namely, 25.2 perlOO,ooo full-time workers). The estimated number
of accidents and fatalities for Alternative7b or 7c includes accidents associated with off-site
transportation of material to the Envirocare or Hanford facility. Transportation-related acciden~

, are considered ill more detail in Section F.7.2

~ Long-term monitoring and maintenance' for the four final action alternatives were
, assumed to require 2 workers. Over 30 years, 60 person-years of effort would be reqUired, and

the. estimated total number of occupational fatalities is 0.02. The estimated total cases' of
occupational injury is 9, of which ~ cases would resultin about 85 lost workdays.

F.'i' TRANSPORTATION RISK ASSESSMENT

All four action 'alternatives would require the movement of contaminated and
. , uncontaminated material to and from the Weldon Spring site. Potential impacts from transpor­
~~ tation activities are associated with both the miture 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 contamiriated i:U\d uncontaminated material during implementation of anyone
. of the tmaI' action alternatives. The assessment used state-of-the-art computational tools, with

conservative assumptions when warranted.

The assessment of potential health impacts associated with exposure to contaminants ,
during transportation was limited to radioactive contamitlants 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~ fatalities resulting from truck and rail accidents;

these impacts are discussed in Section F.7.2.

F.'i'.1 Summary of Transportation Requirements

•

••

The transportation requirements for the final remedial action alternatives are
summarized inTable F.23. 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 dean (uncontaminated) soil would be moved in dwnptrucks 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 kIn (2.5 mi) to the site..
In addition, Wlder Alternative 6a, uncontaminated fly ash and cement would be trucked to the
site from local suppliers within 40 to 160 kIn (25 to 100 mi).

Movement of mat~rial 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 ill 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
EnvirocMe or Hanford facility for final disposal: vitrified material (soil and sludge), loose soilI
sediment, and .volume-reduced building debris. The· approximate volumes and radioaqivity
concentrations of each waste type are given in Table F.24. .

The vitrified material would be shipped in compliance with all appropriate radioactive
control limits specified in Title 49, Code of Federal ~egulations, Part 173 (49 CPR 173): The
remainirig (nonvitrified) material would have radioactivity levels of less than 2,~ pCiIg and
couId 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 b~ similar to those used to haul waste from Grand JWlction,
Colorado, under the Urani~Mill Tailings Remedial Action Program, except they would· be
sealed to preventpartieulate emissions during transportation. The containers measure
2.4 m x 2.4 m x 3.0 m (8 ft x 8 ft x 10 ft) and can contain about 18 m3 (24 yd3) of Il)aterial.

For the off-site disposal alternatives, the waste materials (i.e., vitrified product, soilI
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 (loo-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 sidiIlg, at which the contaiJlers 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 transpoited back to the Wentzville siding for
unloading and placement ~n trucks for return to the Weldon Spring site for reuse.

. The federal gross vehicle weight limit for truck transportation is 36,000 kg (BO,ooo lb)
(Pub~c Law 97-424, Highway Improvement Act of 1982). A typical tractor-trailer combination
weighs approximately 10,900 kg (24,000 lb), so the net freight allowance per truck is limited to
25,100 kg (56,000 lb). The densities of vitrified material, soil/sediment, and volume-reduced
building debris would prqbably llinit the volume loading of the containers to 12 m3 (17 yd3

) for
vitrified material and building debris and 14 m3 (18 yd3) for soil/sediment.·
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The' total number of truck- and railcar· shipments required and the one-way haul •
distances 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 19$4). The code is based
on a shortest path algorithm. modified to reflect the nature ofUS. railroad company operations

·and ro~tingpractices and is updated periodically to reflect current track conditions and railroad
..ownership. The code can be used· to calculate shipment routes, distances traveled in each state
:en route, and fractional distances in urban, suburban, and I'W'iil population zones. .
•
.~

)F.7.2 Nonexposure-Related Impacts. of Transportation

.Transportation ,of any material involves a potential for transportation 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 contribution from' the ret1im of empty vehicles to their point
'of origin.,
'~

,All of the final action, alternatives are likely to involve some transportation accidents.
',The estimated transportation-related accidents and fatalities are given in Table F.2S.. The •
estimated number of accidents ranges from about 2 for Alternative?a .to about 8 for '

··Alternative 7c, and the estimated number of fatalities is much less than 1 for all of these
alternatives.

F.7.3 Radiological Impacts 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 acddent, exposing persons extemilly (to gamma radiation) as

,well as interruilly through inhalation of airborne contamination and ingestion of potentially..
·contaIrU.nated food gro~' 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. '

I
I.:
I
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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 shipment 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 risk from external exposure to penetrating radiation depends
primarily on the external dose rate of the shipping container. Package external radiation field

. strengths for various dassiijcations 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 (11). For this analysis, the external dose rate surrounding a loaded
container was calculated frpm information in Chen et ale (1981), and it was based on the
radioactive and physical characteristics of the waste material. The TI \Vas calculated as
0;3.mrem/h for vitrified Il)aterial. For soil/sediment and building debris, which are exempt
from the packaging and labeling requirements of 49 CFR 173, an equivalent TIof 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 ~sessmentmodel
was developed by Sandia National Laboratories to calculate radiologicaI risks associated with
transportation of, radioactive material by ~ variety of modes, including truck, rail, and barge.
Specific parameters used in this analysis of inddent-free impacts are presented· in Table F.26.
Parameter values are based on operational experience and scenario-specific assumptions.

Radiological imp"cts were determined separately for truCk and rail crews, handlers at
the Wentzville transfer stati()n, 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 It) 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 maximally exposed individuals is highly 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 lIlaXiJhaJly exposed individuals therefore represent upper bounds for the
expected values. Furthen:nore, 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 shipments per year, based on an 8-day train cycle. Each handler was
assumed to operate a trarcilift and transfer 33 containers per day from trucks to waiting railcars
at a distance of 4 m {12 ft)from each container. The collective 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 general public

.are considerably below the limits specified in OOE 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 OOE
Order 5400.5. The dose to the nuiximally 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
.':ireceived 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 installing area
shielding, as indicated by monitoring results during implementation.

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

·tpopulati,?ndoses are 4.4 and 5.8 person-rem for transportation to Envirocare and Hanford,
~respectively. The collective worker dose is estimated to be 1.5 person-rem for either
Alternative 7b or Al.temative 7c. In all cases, the collective risk to the impacted population of
about 600,000 from incident-free transportation is much less than 1 for the entire shipment

\:ampaign. '. . .

F.7.3.2 Risks from Tnnsporlation Accidents
~,

,. The radiological doses and subsequent health risks associated with transportation
.acddents 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 involviitg 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 GENU computer code (Napier etal. 1988) for the maximally
-exposed individual. Radiological doses were calculated for the following pathways:

• Inhalation of airborne contamirtants,

• 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
contaminaItts had deposited.

•

•

.:
I
I
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To analyze the maximum possible consequences of an accident, it was assumed ~t 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 ~ction 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 it). The fraction of spilled material
that would become respirab,le was calculated to be 5 x 10-6. 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 fIactions for
these materials are several orders of magnitude less than the values for soil and sediment.

Potential impacts from truck transport of material to the Wentzville rail siding were .
based on an· accident rate of 1.36 x 10-6 per vehicle-km for U.s.-numbered routes in Missouri .
(Bracksmith 1991). Poten~ 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 1<r" per rail<:ar-km... This rail accident rate is the national average mainijne 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).

The dispersion of contamiruints 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 dWing transport were taken from stability array (SfAR) data
available from the National Climatic Data Center. EaCh stability array contains frequencies of
the wind blowing from a particular direction at a particular stability and particular speed.. For
each route, the STAR data for each state traversed were weighted by the distance traveled in that
state, and a composite "rotite average" meteorological file was created.

The as~essment of risks for the affected population and for the maximally exposed
individual differed with regard to tJ:le radionuclide content of shipment containers. To assess ..
the population risk, an average radioactivity 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 anyone
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.2S. The resulting radiological impacts from accidents involving transportation of radioactive
material to the Wentzville siding by truck and to the Enviroeare and Hanford facilities by rail
are preSented in TableF.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 following an accident. Ingestion of contaminated food would •
contribute most of the remainder.: The risk of cancer induction from these exposures is .
approximat~ly 4 x 10-7 for shipment to Wentzville and 3 x 10·s for shipment to either Clive or

. Hanford.

The population risk estimated from average meteorologi~and accident data ranges
from 0.0030 to 0.41 person-rem,· and the associated risk ranges from 2 x 10-6 to 2 x 10-4
(Table F.29). T:heradiological risks from transportation aCcidents are small compared with those

,: from incident-free operations (due to the low probability of an accident occurring) and the
:~.nonexposure-relatedconsequences of accidents (i.e., fatalities). These accident risk calculations
· are conservative because (1) shielding and au- filtration afforded by housing were not included;
(2) post-accident remedial activities anat 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 site for an entire year arid consume only
locally grown food. .

F.B COMPARISON OF POTENTIAL H~LTH IMPAcrS FOR THE FINAL
REMEDIAL AcrION ALTERNATIVES

The potential health iIDpacts for the four final action alternatives are~d in
Table F.30; impacts associated with the no-action alternative are discussed in detail in the BA
(DOE 1992a) and in the rebasellne assessment presented in Appendix E. The resUlts indicate that
all exposures to reme~action workers and members of the general public would remain signi­
ficantly below pertinent regulatory limits for anyone 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 fqur final action alternatives, the general public could be exposed to radioactive
· and chemical contaminants released from the site via airborne dust and gaseous emissions.
Routineclean~p activities that could result in the generation of fugitive dUst and gases iIlclude
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 rQutine activities and thus have not been explidtly qUantified in this analysis.

. I
I,.';

. .

Inhalation of airborne containinants is the most probable route of exposure' to site
releases for the geneial public during the remedial action period. Although the major treatment
facilities -i.e., the chemical stabilization/solidification facility for Alternative 6a or the

, vitrification facility for Alternatives 7a, 7b, and 7c - differ fundamentally in design, atmospheric
. particulate releases would not differ significantly for the four action alternatives. In general, the

same waste would be treated under the respective treatment processes for each alternative, the .
treatulent 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 public 'for the four action altem:atives would be comparable; no incremental iIripacts 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 10.7 and 9 x 10-8
for radioactive and chemicalcontaminants, respectively. These estimates are below EPA's target
range of 1 x 10-0 to 1 x 10"". For comparison, the risk of developing cancer from e10sure to
naturally occurring background radiation is about 2 x 10"" annually, or about 1 x 10' 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 treabnent 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 10-3 and 8 x to-5 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 anyone 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,
Altem,atives 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. Th~ 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
public from transportation activities is estimated to be 7)( 10-8. 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
transportation worker is estimated to be 2 x to"".

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 committed 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 ~dioactive 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.
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TABLE F.1 Potential Receptors near the Weldon Spring Site

Receptor

A Nearby resident Oanitor at Francis Howell High School)

B N~rby resident (Department of Conservation employee) .

C Nearby resident (adjacent to U.S. Route 40/61)

o Nearby resident (Weldon Spring Heights)

E Student (Franc~s Howell High School)

F Child (daycare facility at the former Weldon spring
Elementary Schoolt

G Worker (highway maintenance facility)

H Worker (Army Reserve Training.Area)

Worker (employee at BUsCh Wildlife Area headquarters)

Worker (on-site office building)

K Remedial action worker

Location
Rerativeto the

Site Center

1.4 kIn ENE

1.5 kmWNW

2.7km NE

3.7km ENE

1.2km ENE

3.2 kin NE

0.6 kin E

1.0 kIn SSW

1.2 kIn NW

0.4 kmSE

Variabled

• I

Scenario Description' ~

An individual is present at the residence 100% of the time during
the 7-year cleanup period. . '

Same as receptor A.

Same as receptor A.

Same as receptor A.

A student is present at Francis Howell High School 8 hours per day,
180 days per year, during 4 years of the cleanup period."

A child is present at the daycare facility 8 hours per day, 60 days
per year, during the 7-year cleanup period.

A worker is present at the highway maintenance facility 8 hours per
day, 250 days per year, during the 7-year cleanup period.

Same as receptor G.

Same as receptor G.

A worker is present at the Weldon Spring site 8 hours per day,
250 days per year, during the 7-yearcleanup period.

Same as receptor J.

• The cleanup period is projected to comprise 7 years of the 10-year remedial action period (which includes remedial action planning, ~esign, and
start-up). .

b A teacher at Francis Howell High &hool wC?u1d have an exposure scenario similar to other nearby workers - e.g., receptors G, H, I, and J- except
that the exposure time would probably be less than 250 ~ays per year. .

C Although the daycare facility was recently destroyed by fire, this receptor location was retained for this assessment to address" the Possibility that the
facility might be rebuilt for a similar use. . .

d The worker would be present at various on'-site locations during the remedial action period.

• • J •
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TABLE F.2· Exposure Scenario Assumptions and Intake Parametersa

Parameter

. Average body we!gh~
(kg)

Exposure timec (hId)
Indoor
Outdoor

Exposure frequencY'
(d/yr)

Exposure durationc

(yr)

Off-Site Remedial
'ReSidents High School Workers On-Site Action
(ReceptOrs A Student Child (Receptors C, Worker Worker

,B, C~ D) (Receptor E) (Rec:eptorF) H,I) (ReceptorJ) (Rec:eptorK)

70 60 30 70 70 70

23 7 6 " 8 0
1 1 2 4 0 8

350 180 60 250 250 250

7 4 7 7 7 7

•

Inhalation rated
(m3/h)

Indoor
Outdoor

Indoor air filtration

Soil ingestion ratee
(mg/d)

.Food ingestion rate'
(g/d)

0.8
1.6

0.8

100

U2

1.1
2.5

0.8

50

NA

U
1.9

0.8

100

NA

1.0
2.5

0.8

no

NA

1.0
NA

0.8

50

NA

NA
2.S

NA

300

NA

••

• NA means that the entry is not·applicable.

b 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). .

C Estimates of exposure time. exposure 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 IO:year remedial action period..

d 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 &om assumed activity levels and infonnation provided in EPA
(1989d). .

e 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 U. the total daily intake of
100 mgld (EPA 1991a) was assumed to occur while at the dayc:are center. Ingestion rates for the off-site workers
(receptors C. H, and I) and remedial action worker (receptor K) are based on the same asswnpti0n5_as those presented
for the ranger in Appendix E (Sectiari £.3.12); a hip rate was derived for the remedial action worker because of
longer expo5W'll 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.

, The food ingestion rate represents ingestion of 42 g/d offruits and 80 g/d of vegetables, which are the standard values
given in EPA (1991a). .



.TABLE F.3 Estimated Concentrations of Radionuclides in Material
Targeted for Treatment" •

----------------------------------------------------------------------,

Concentration~ (pCilg)

Raffinate Pit· Soil wtder QuanySoil
Contaminant SludgeC Raffinate PitsC in TSAd

Actinium-227 1,300 130 0.58

Lead-210 1,400 140 340

Protactinium-231 1.700 170 1.2

Radium-226 1,400 . 140 110

.Radium-228 S60 56 96

.Thorium-230 58-000 5.800 330

Thorium-232 60 6.0 26

Uranium-235 110 11 9.2

Uranium-238 2.300 230 200

. Estimated. volume (ytP) 220,000 50,000 50-000

I. ,

••• The mntam~ted.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.

b 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. .

C The U4s amcentrations (i.e., the 95% upper mnfidencelimits 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"10 of those in the raffUtate pit sludge.

d The average concentrations were used for measured'radionuclides (DOE
1989); the ~diologicalsource term analysis for the quany soil (Table i.3 of the
SA) was used to estimate the cc;mcentrations of radionuClldes not measured.
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, TABLE F.4 EstimatedConc:enti'atiolls of Radionudides in Areas Targeted for Excavationl

Concentration" (pCi/g)

Sediment/ Sediment/ Soil around Soil around . Sediment! Soil at
Soil at Soil at Soil at Raffinate Chemical Plant Shoreline Soil. . Vicinity

Contaminant Ash Pondc,d North Dumpc Frog Ponde Pitsl Buildingsg at Busch Lakesh Properties' .

Actinium-227 3.6 2.5 . 1.2 . 0.63 0.42 0.57 2.0

Lead·210 26 18 11 4.6 3.1 4.2 44

Protactiniu'm-231 7.2 5.0 2.5 1.3 0.83 1.1 U

Radium-226 26 18 11 4.6 3.1 4.2 43

Radium-228 ·}4 9.9 5.9 2.5 1.7 2.3 7.9

Thorium-230 29 20 5.2 5.0 '3.3 4.5 24
il

Thorium-232 14 9.9 5.9 2.5 1.7 2.3 7.9 ~

Uranium-235 8.6 6.0 3.0 1.5 1.0 1.4 4.8

Uranium-238 190 130 65 33 22 30 110
-----------------'---------------------------------------------------------------------------------------------

Estimated
volume (yd3) 25,100 7,600 7,000 103,500 87,10oi 20,000 3,600

See next page for footnotes.



TABLE F.4 (Cont.)

a 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 former are
presented in Table F.3. This table does not include material assum"ed 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 altem~tives.

b. All values were calculated on a dry weight basis and are given to two significant figures. Because not all radio"nuclides 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.

C 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 estimate the roncentrationsof other radionuclides.

d 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..

e Only the drainage from Frog Pond has been sampled to date; the average concentration of uranium-238 in this draiiuge is about
30 pCi/g.. For this reason, the sitewide soil U4s radionuclide concentrations were used Jor this area.

The kriging results indicate that only thorium-230concentrations are above the preliminary c1~nup criterion (i.e., 2,400 m3 (3,loo yd3J
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
radionuclides.

g The kriging results indicate that 6,200 m3 (8,100 yd3) of soil is contaminated with urani~m-238at an average concentration ·of
220 pCi/g. This concentration was adjusted to reflect the volume estimate for actual field excavation provided in MK-Ferguso'n "
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.

h Determined from the estimated concentration of uranium-238 in the lake sediment; the radiological source term"analysis for soil at the
chemical plant area was used to estimate the concentrations of other radionuclides. .

I Determined from the con~ntrations for the vicinity pro~rties given in TableF.24.

lricludes soil around the chemical plant buildings, soil beneath the buildings, soil around piPes and sewers, and soil in the site water
treatment plant area. .

• • •
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.TABLE F.S Estimated Concentrations of Chemicals in Material
Targeted for Treatment" .

Concentrationb (mg/kg)

. Raffinate Pit Soil under Quarry Soil
Contaminant SludgeC Raffinate PitsC . in TSAd .

Metals
Antimony 110 11 _e

Arsenic· 1,600 160 100 .

Barium 1,400 140
. Beryllium 33 33 ·0.62
Cadmium S4 . 5.4 19
Chromium 87 8.7 30
Cobalt 34 3.4
Copper 740 74 100
Lead 530 53 280
Lithium . 65 65
Manganese . 3,660 360
Mercury 6.6 0.66 2.0
Molybdenum 2,800 280
Nickel 1,100 110 43
Selenium 77 7.7 23

• Silver 3.5 035 7.0
Thallium 26 2.6 4.7
Uranium' 6,900 690 600
Vanadium 12,000 1,200
Zinc 700 70 340

Inorganic anions
Fluoride 73 7.3

• Nitrate 120,000 12,000 .
Nitrite 1,200 120

PAHsg 180

PCBsh 2,700 270 32

Nitroaromatic
compoundsl ·

DNB
2,4-DNT 8.1
2,6-DNT 9.5
NB 78
TNB 140
TNT 260

-----------------------------------------------------------------

•
Estimated volume (yeti

See next page for footnotes.

220,000 50,000 50,000
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. TABLE 'F.5 (ConL)

• .The contamiriated 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 latter are presented in
Table F.6.

b All values were calculated.on a dry weight basis and are given to two
significant figures.

C The UL,s cnncentrations were used for chemicals in the raffinate pit
sludge. The contaminant concentrations in soil under the raffinate pits
were assuined to be 1~o of those in the raffina~ pit sludge.

d The average concentrations from available data were used for the
chemical contaminants in the quarry soil (OOE 1989).

e A hyphen indicates that the contaminant was not deteCted above the
detection limil

The concentrations of uranium are based on the uranium-238
concentrations presented in Table F.3.

I Includes acenaphthene, anthracene, beM(a)anthracene, benm(b)fluo­
ranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(a)pyrene,
chrysene, fluoranthene, fluorene, indeno(1,2,3<d)pyrene, naphthalene,
phenanthrene, and pyrene..

h. Includes :Aroclor1248, 1254, and 1260.

I ONB =l,3-dinitrobenzene; 2,4-0NT =2,4-dinitrotoluene; 2,6-DNT =
2,6-dinitrotoluene; NB. = nitrobenzene; INB = 1,3,5-trinitrobenzene;
TNT =trinitrotoluene. .

•
II

•
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TABLE F.6 Estimated Concentrations of Chemicals in Areas Targeted for Excavation.a
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TABLE F.6 (ConL)

a The contaminated areas were dividedinto 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 expec:lecl; the estimated concentrations for the former are presented in Table F.5.

b All values were calculated on a chy weight basis and are given to two significant figures.

C The Ash Pond concentrations and volume include the contribution from the South Dump; these
areas were treated as asingle sourCe area because they are located in proximity and are part of
the same drainage system.

d The concentriitions of uranium are based on the uranium-238 concentrations presented in
Table F.4.

e Includes acenaphthene, anthracene, benz(a)anthracene, benzo(b)fluoranthene,benZo(k)fluo- ..
ranthene, benzo(g,h,i)perylene, benzo(a)pyrene, chrysene, fluoranthene, fluorene,
indeno(l,2,3<d)pyreru~, naphthalene, phenanthrene, and flyrene....

f A hyphen indicates that the contaminant was not detected above the detection limit.

e Includes Aroclor 1248, 1254, and 1260. .

h The kriging method was used to estimate the area~weighted average concentration of
Wanium-238; the radiological so~ term analySis for soil at the chemical plant area was used to
estimate the concentrations of other radionuclides.

-e,

"
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TABLE F.7 Estimated Average Airborne Concentrations of Radionudidts at Receptor Locations during the 7-Year Cleanup Period
for Alternative 6a, Chemical StabilizationlSolidlfic:ation, and Alternative 7a, Vitrific:ation .

Concentrallon
Eatlmated ConCftltralfon of Rl!Splrable Particulatl!S In Air at Receptor Locatl(lna' (pCi/m', except .. noted) L1mltlb '(pCiI m3l

A1ternativel

Contaminant A B C 0 E P C H K DeC' DAC

Chnttlul SlAfrlHtldiOIlISolid/ftc.llon

Atlinlum-227 1.1.10,7 1.3.10-7 4.5.\0" 1.8.10" 1.3.10,7 4.3.10" 3.6.10-7 5.4><10-7 3.bl0-7 9.6.10-7 1.2.10-3 7.10" 7.10.1

lead-210 4.7.10,7 5.9.\0,7 , 1.5.10,7 7.6.10" 5.4.10-7 1,5.10-7 1.5.10"' 3.b 10"' 1.1"lit' 3.9.10"' 1.1.10-2 9.10,1 1,,102

Protactinlum-231 1.5,,10-7 1.8><10,7 6.3,,10" 2:5.10" ' 1.8,,10,7 5.9,,10" 5.2,,10-7 '7.3.10-7' 4.5.10-7 i.4.10"' 2.5.10-) 9,,10'; 7"10,1

Radium-226 3.0.1lt7 3.5,,10-7 1.1"10,7 4.9.10" 3,5"10.7 1.0.10-7 1.1.10"' 1.5,,10"' 6.7.10-7 3.bl0"' 1.1"10'2 3 5.102

Radium-228 '1.8"10-7 2.bl0,7 5.9.10" 2.9010" 2,0,,10,7 5.7,,10-1 6.2,,10.7 i.o.l0"' 3.7,,10-7 1.7"10"' 5,9.10-3 1 3,,102
Thorium-nO 4.5"10"' 5.7.10"' 1.9.10"' 7.2.10-7 5.3,,10"' 1.8.10"' U"lo-S 2.5.10-S 1.5"10-5 3.4"10.5 5.2,,10-), 7.10') 5,,10.1

Thoflum-232 8.9.10" 8.7.10" 3.0"10.1 1.5"10.1 1. 1x 10-7 2.6><10" 3.9,,10-7 3.3.10,7 1.3,,10-7 1.2"10"' 5.9,,10') 4><10.2 3
Uranium-235 5.4><10-' 5.3.10,1 1.9.10,1 8.9.10.9 6.4,,10'" 1.6,,10-- 2.3.10,7 1.9"10-7 8.6,,10" 7.2"10,7 3,0,,10:' bl0,1 2"101

Uranium-238 1.2"10"' 1.1" 10"' 4: bl0·7 1.9.10,7 1.4.10"' 3.6,,10-7 . 5.bl0"' 4.0.10"' 1.9,,10"' 1.6.\o'S 6,5.10'2 1,,10,1 2,,101

Radon-222' 8.4><10-4 2.0.10') 3.5.10-4 2.3.10'· 9.1,,10-· 2.1.10-· 2.bl0') 3.blo-) 2.0,,10.3 8,bl0·3 NA 3,,10' 3"10·
Radon-222d 2.8,,10"' 6,3.10.6 1.4.10"' 9.1.10,7 3.0,,10"' 1.1"10"' ' 6.7,,10"' 9.SdO"' 6.0,,10"' 2.3"10'S 1.0,,10,3 NA 0.33..............................................................................................................................................................................................................................................................................................................,; ..................
VI~flcallotl

."
I

W
(0

Actinlum-227 7.3"10" 1.6.to-7 3.0.10" 1.1,,10" 9.0.10" 2.8,,10" 2.bl0-7 5.txl0-7 2.9.10,7 6.8.to-7 1.2.10-) 7.10-' 7.10'1

Lead-210 8. txl0"' 9.3.10"' 3.0.10"' 2.6,,10"' 8.5.10"' 3.0,,10"' 1.2.10-5 ' 1.3"IO-S 1.0,,10'S' 2.2"10'S I.txl0-2 9,,10-1 1.102
PrOlactinluDl-231 1.1"10.7 2.2dO,7 4,3dO" 1.6"10" 1.3.10-7 3.9.10" ' 3.6,,10-7 6.9><10.7 4.0.10-7 1.1"10" ' , 2.5,,10') 9"10-) 7,,10,1

Radium-226 2.5"10,7 3.8><10.7 9.6.10" 4.6.10" 2.9.10~7 1.7,,10-' 9.3"10,7 1.6"10"' 6.3,,10.7 3.2.10"' 1.1.10.2 3 5.102
Radlum-228 1.5"10.7 2.2,,10,7 5.1.10.1 3.0,,10" 1.7.10,7 4.5.10-1 5.bl0,7 1.1" 10"' 3.6"10,7 1.8.10-' 5.9.10') 1 3,,102
Thorium-nO 2.8"10"' 6.9.10,6 1.2,,10"' 4.6"10.7 3.5.10"' 1.1,,10"' 8.2,,10"' 2.4"10,5 1.3,,10-S 2.0.10'S 5.2,,10') 7"10.3 5"10'1
Thorium-232 8.5,,10" 9.5,,10" J.0.l0" 1.5"10" 9.9.10,8 2.3.10" 3,6.10-7 3.8.10,7 1.4.10.7 1.4.10,6 5.9"10') 4,,10.2 3'
Uranium-23S 5.0,,10" 5.9.10.1 1.8.10" 8.4-10,9 5.9"to" 1.4.10-t 2:2,,10.7 2,0"io·7 8.9,,10" 8.4-10-7 3.0.to') 1,,10,1 2.101

Uranium-238 1.1,,10"' ,1.3"10.6 3.9010,7 1.8.10.7 1.3.10"' 3.1,,10,7 4.8.10"' 404.10"' .1.9"10" 1.8"10'S 6.5.\0,2 1"10,1 2,,101

Radon-222c 1.2,,10,3 2.8.10') 5.0.10'· 3.3.10'· 1.3,,10,3 3.9.10"' 3.0,,10,3 4.5"10,3 2.8.10-3 1.2.10.2 NA 3,,10) 3,,10~

Radon-222d 4.1.10"' 9,0.10.6 2.0.10"' 1.3,,10.6 0"10"' 1.6"10"" 9.5.10"'. 1.4.10,5 8.5.10"' 3.4-10.5 1.0.10') NA 0.33

I The potential receptor6 are de&Cribed In Table' F.l, and their locallons are 6hown In Figure P,l. Except Eoi receptor K. the airborne wncentration& of radionudides were calculated from the
..llmilled annual average re&plrable particulate concenlrallons originating from contaminated 60urces and the contaminant concentration6 in those 6Ources.' The concentrations or radon gas are
based on tOlal estimated releasel of radon gas during remedial actlon activllle& (aee text). Poe receptor K.·the airborne concentrations of radionuclidl!S are based on a respirable parliculale

,concentration of I mg/m3 and the U~ radlonuclide concentrallons In sitewlde solI. '. ' .

b limi" (or prolectlon (rom airborne radioactive contaminants; DCG = derived concentration flUlde «(or protection or the seneraJ public); DAC = derived air cOncentration «(or prot«llon 01
worke,.). The DeC. and DACa given In this table are for the most conservallvelung clearance c1ase elthe spedfic radlonuclldea (see Appendix C, Table C.2). Because the radiation dose Indudl!S
the conuibullons from varlQUI decay products of these radionucltdea, cOmpliance with dose standards cannot be determined on the basis of the data in this table.

c Reported' in pel/l; NA for receptor K mellN not applicable because the rad~n concentratlon. In WL units, was used for the expoaure estimate.

d Reported In Wl.; NA lor DeC means nOl applicable because no DeC Is currently aVailable In Wl units.



TABLE FA Estimated Average Airborne Concentrations of Chemicals at Receptor Locations during the 7-Year Oeanup
Period for Alternative 6a, Chemical StabUizationiSoUdlffcitJon

Estimated Concentration of Respirable Particulates In AJr at Receptor Locations· (mg/m3)

Contaminant A B C 0 E P G H K

Metals
·1.2x1oo4Antimony 1.9xUr1O 4.1x10-10 2.3x10-10 1.1 x10-10 9.1xlo-IO 2.Jxlo-IO 4.7xlo-' J.9lC1IT' .6.8lC1ITIO 1.7xllT'

Anenic 5.5xlo-10 5.5x10-10 2.0xlo-10 8.6xlo-" 6.5x10-10 1.8xlo-I0
J 2.4lC1o-' 2.4xllT' 1.Ix1IT'. 7.3xlO-' 1.9x10-5

Barium 5.lxllT' 3.8x1IT' 1.1xlO-' . 7.9xlo-10 6.2xlO-' Ux1o-' 2.SlC11T' 1.3xl0·8 5.9xlo-' UxtlT' 1.9xl0-4
Beryllium 2.4xlO-" 1.7xlo-" 7.5xl0-12 3.5xlo-12 2.91C10-11 6.9lCIo-12 l.3xlO'I0 7.bI0-" 3.txI0'" 4.4lC1o-I0 I.OxI~
Cadmium 3.0xto-lI 3:4lC10-" 9.6xlo-12 4.7x10-12 3.6xlo-ll 9.6xl0-12 l.3xl0-1O 1.8lC10-10 5.9lC10-11 3.4lC1IT10 1.2xlo-'
Chromium IIIb S.lxl0-1O ·3.6xl0-1O 1.6xlo-10 7.6lCIo-11 6.2xlo-10 1.4x10-1O 2.8xlo-' . 1.5xlO" 5.9lCI0-1O 9.7lC1o-' 2.4xl0-5
Chromium Vlb 5.6xlO-" 4.0xlo-" t.8lClo-" 8.3x10-12 6.8xlo-ll 1.6lCIo-" 3.1xlo-I0 1.6xlo-10 6.6lC10-11 1.1xlO-' 2.7xl~
Cobalt 2.3xl0-1O t.6lC10-10 7.3xlo-" 3.4xto-11 .2.8xl0-1O UlCtO'Il 1.3xlO" 6.0.10'10 2.6lCl0-10 Uleta-' l.bl0'5
Copper 6.6x10'10 5.1xtO'I0 2.o.io-I0 9.8lCIO'" . 7.9xlO'10 . 1.9lC10'10 3.4xlo-' 2.3xlO" 8.5lC10'10 1.2lelO" ·2.bl0'5
Lead 1.1xlO" 1.2lC10" 4.lxl0-10 1.9lCl0-10 1.3xlo-' 3.1lC10-1O 4.2xlo-' 3.7xlo-' 1.7lC1O" 1.2lC1a8 5.8lCl0-5
UUUum 2.0x10'10 1.3xl0-10 6.2x10-" 2.9xUr11 2.4~10-10 5.SlCIo-" 1.2lC1o-' 5.1~10'10 ·2.b10-10 4.Oxlo-' 1:OlCl0-5
Manganese 1.7xl0-8 1.41C10-' 6.0xlo-' 2. 71C 11)" 2.b]0-' 4.9x]o-' 8.61C10-8 404xlo-' 2.3xlo-' 2.9xl0-7 6.6xl0-4

Mercury 3.3xl0-12 3.9xto-12 l.bl0-12 5.21C10-13 3.9xlO'12 1.bl0-12 1.3ICIo-11 2.0xlo-11 . 7.0x10-12 3.5lCtO'l1 9.0x10-'
Molybdenum 6.2lClo-l0 5.2lCI0-1O 2.1xto-10 9.3,(10-" 7.51C10-10 1.9lCi0-10 3.1xlO" 2.Jx10" 1.IxlO" l.o.la8 2.4x10-5 '"Nickel 7.9lC10-10 5.9lC10-10 2.5x10-10 1.2x]0-10 9.5xlo-10 2.31C10-10 4.21CIO" 2.4xl0·' 1.01C10" . I.4ICI0-8 2.9xl0'5 J:..

c"
Selenium S.2lClo-11 5.3xlo-lI · 1.7xlo-lI 8.0xlo-12 6.2xlo- l1 1.6lC10-11 2.3lC10-1O 2.6xl0-1O 8.9lCIO'II 7.2lC10-10 404xl0-6
silver 2.3xlo-11 2.o.Ur" 7.3xlO·12 3.5xl0-12 2.9xlO'II 6.7lC10-12 . 1.31C10-1O 9.1xlo-11 3.0lClo-11 3.9xlo-10 1.0xlo-'
ThalUum 1.8lCIo-11 1.9lClo-11 6.7xl0-12 3.0xl0-12 2.1xlo-l1 5.7lCl0-12 . 7.4lC10-11 7.3x10-1I 3.3lClo-11 2.2lC10-10 3.6xlo-'
Uranium 3.7x10-' 3.7lC1o-' 1.4xlO-' 6.1x10-10 404xl0-9 1.1)110-' 1.6lClo-' 1.3x1O·8 6. tx10-9 4.9xl0-8 1.2xl0-4

Vanadium . 1.7lC1o-' 1.7lC10-9 6.3lClo-10 2.7xlo-10 2.1)110-' 6.0)110-10 7.51c10-' 6.9lClo-' 3.9lCIo-' . 2.4xlo-' 3.8lCl0-5
Zinc 2.0xto-' l.3xlO-' 6.3xlo-10 2.8)110-10 2.5xlo-' 5.5)110-10 1.3xl0-8 4.9xto-' 2.0)110-' 4.0xl0-8 9.9xI0-5

Inorganic anions ,
Ruoride 1.6xto-I0 1.1lC10-10 5.1xto-11 2.4xlo-11 1.9xlo-10 404x10-11 8.3xlo-l0 4.0lClo-10 1.8x10'1O 2.8xl0-9 6.7)110-'
Nitrate 9.1lC10-' 1.2lel0·8 3.9xl0·' 1.SxllT' 1.bllT' 3.8lelo-' 2.8xlo-' 5.0xlO·8 3.2x10·8 6.9x10-' 1.2xl0-4
Nibite 9. tx10-11 1.1xlo-I0 3.8xlo-l1 1.5xlo-11 1.1xlo-I0 3.7lelo-11 2.9!Clo-I0 4.8xl0·10 3.0leU)'10 7.4xlo-I0 6.71C10-7

• • •



•
TABLE F.8 (ConI.)

•
Estimated Concentration of Respirable ParticJiates In Air at Receptor Locations- (mg/mJ)

•
Contaminant A B C D B P C H K

PAHs 6.9lC1lr8 4.411]()"· 2.011]lr8 J:OlllO'8 8.4x]lr8 ].911]lr8 3.7x]0-' 1.8,,]0-7 7.011]0-' l.311]0-6 1.3x]0-6

PCBs . 2.],.]lr 10 2.81l10-10 8.8lC]0-1I 3.51110-11 2.Sll1lr10 8.8lC]0-1I . 6.411]0-10 l.3x1lr9 7.211UrI0 1.61110-9 . 7.2x10-
'

Nilroaromatic
compounds

4.4x]lrll 2.61110-11 1.31110-11 6.411]lrI2 S.41l1lrll 1.2lCllrll 2.61110-10 l.111llr10 3.811]()"1I 9.Sxlo-10DNB . 1.61110-7

2.4-ONT 5.8111lr12 8.7lCIO'12 1.6lC]0'12 9.SlCllr1J 6.5111lr12 1.911llrI2 1.5I1U}"1I 5.4x]0'1I 1.41l10'1\ 2.91l10'1I NAc

2,6-DNT 6.811]0'12 ].01l10'1I . ].9lC]0'12 . 1.1lClO'I2 7.71110'12 2.2x10-12 1.8,,]0-11 6.4xlO'II 1.6xlO'1I 3.41110'11 NA
NO 5.611]0'11 '8.41110'11 ].6x1O'1\ 9.2 lC llr12 6.3x1lrll 1.81110'11 1.51110'10 S.2xlO'10 1.3xlO'10 2.8xlO'10 NA
lNB ].01110-10 1.51110'10 2.8lCIO"II . 1.6xllrll 1.b10'10 3.21110-11 2.6lCI0-1O 9.411iO'I0 2.4xl0-1O 5.011UrI0 NA
lNT 1.91110'10 2.8lC1lr1O 5.3lC10·11 3.1lCllrll 2.11110.10 6.0lCIO'I1 4.9xllr10 1.7xl0'9 Uxl0·10 9.31110'10 9.]"]0-

'_

The potential receptors are desaibed In Table P.1, and their locations are shown in Pigure P.1. Except for receptor K, .the airborne concentrations of
chemicals were calculated from the estimated annual average respirable particulate concentrations originating from contaminated sources and the contami-
nant concentratioils In those sources. For receptor K, the airborne concentrations of chemicals are based on a respirable particulate concentration of "T1

1 mg/mJ and the U\.gs chemical concentrations In slti!wlde soU. . . ~....
I> The concentrations of chromium III and chromlum VI were estimated assuming that these two cOntaminants represent 90% and 10%, respectively, of the

total chromium concentration. .

c NA means the entry 15 not applicable. (The worker Is assumed to be wearing respiratory protective equipment when handling material at the TSA; this
nltroaromatic compound has not been detected in other, sltewide soU that would be handled.)



TABLE F.9 Estimated Average Airborne Concentrations of Chemfcahi at Receptor Locations during the 1·¥ear Oeanup Period
for Alternative 7a, Vftrification . .

Estimated Concentration of Respirable PartlqLIales in'AJr at Receptor Locations· (mg/m3)

Contaminant A B C 0 E P C H J K

Melals
Antimony 1.8dO·10 5.3dO·10 · 2.lxlO·10 1.0)(10.10 9.4lCI0·\0 1.9lCllT1O UlCllT' .2.1lClO·' 7.8iclO'10 2.1lC10·' 1.2lCI0·'
Arsenic 5.3lClO·1O 7.5lCI0·10 1.9lC10·\O 8.8lClO·\1 6.3lCI0·10 1.6lClO'10 2.2iclO" 2.8lCI0·' 1.2dO·' 8.6lC10·9 1.9)(10.5

. Barium 5.bl0·9 4.1lCI0·' 1.6)(10.9 7.3lClO· IO 6.2lClO·9 1.4lCI0'9 2.7lC1lr' 1.5lClO·' 7.1)(10.9 1.21(10'7 1.9xl0·4

BeryWum 2.3)(10·\1 2.2)(10·\1 6.9xl0·\2 3.2lCI0·\2 2.8lC10·\1 6.2lCI0·12 .1.2dO'I0 1.9lClO·\1 3.4lClO·1\ 5.41C10-10 1.0lCIO"
Cadmium 2.8)(10'11 .3.8)(10·\1 l.OlClO·11 . 5.5)(IO~j2 3.3)(10·1\ . 8.1)(10·u 1.2lCIO'\0 .2.lxl0·\0 6.2lCI0·11 4.2x10·\0 1.2xl0"
Clvomium mb 5.0)(10'10 4.3)(10.10 t.5lClO·IO · 1.0lClO·1\ 6.0lCI0·10 1.3)(10·\0 .. 2.7lCl0'9 . . 1.6lCI0·9 6.7lClO·1O 1.2x1lr' 2.4lCI0-5
Clvoml~.Vlb 5.5xl0·11 4.8)(10.11 1.7xlO·1I ' 1.7lC10'U 6.6)(10·\1 . , t.5x10·11 3.OxlO'\0 1.8)(10·\0 7.bl0·\1 1.3lCI0" 2.7xlo"
Coball 2.3lClO· IO 2.0dO·10 6.9lClO·1\ 3.1xl0·\1 2.7lC10'\0 6.0)(10·1\ 1.2lCl0'9 6.6~10·\0 3.blO·\0 5.3)(10-9 1.bl0'5
Copper ·6.4)(lO·10 6.0lCI0~\0 1.9lClO·\0 9.5lCI0·1I 7.6lClO·\0 1.7lCl0·10 3.3lCl0'9 2.6lCllT9 9.bl0·\0 .1.blD:' 2.1xlo-S .
Lead UxlO·9 1.5)(10.9 4.bl0·10 2.1xlO'I0 1.3)(10" 3.2)(10-\0 4.bl0'9 U)(10·9 2.2lClO·9 1.4xIlr' 5.8)(10'5
Ulhlum 1.9)(10'10 1.5)(10'10 5.8lClO·\1 2.6lCio·\1 2.41(10.10 5.1xl0·1\ . 1.2lCl0-9 5.6lCl0·\0 '. 2.4dO·\0 4.9x10-9 1.0xlO·5
Manganese 1.7)(10" 1.8)(10-' 5.8)(10.9 2.6)(10.9 2.hllr' 4.8x10·9 8.3lCl0'8 5.0)(10.8 2.8)(10.8 3.5x10·7 6.6)(10-4

Mercwy 3.1xl0·12 4.5)(10.12 ' 1.1lClO·12 6.1lClO·13 3.6lClO·12 9.4xlo-13 1.2lC1lT\1 2.3)(10·\1 1.4lClO·12 4.2)(10·1\ 9.0"10.8
MolybdenUm 6.hcJO· IO 7.2)(10'10 1.9)(10.10 9.0)(10'11 7.3lCl0·10 1.7)(10-\0 2.9lC10'9 2.4)(10.9 1.2)(10" 1.2lC10-8 2.4lCI0'5 rNickel 1.7)(10.10 ' .7.2)(10'10 2.3)(10.10 1.1)(10.10 9.2)(10·\0 2.1lc10'10 4.bl0-9 2.1)(10.9 UlClO·9 1.8lCI0-8 2.9)(10.5 N

'Selenium . 5.0)(10.11 5.9x10·\1 1.7)(10·\1 8.8lCI0·12 5.8)(10·\1 1.4xlo-11 2.2lC10'\0 3.0)(10.10 9.4lClO·11 8.8)(10·\0 Uxlo"
Silver 2,3)(10.11 2.1xl0·\1 7.4)(10·\2 3.6)(10.12 2.7lC10·11 6.1)(10.12 1.3)(10-10 1.0lCI0·10 3.3)(10'11 4.8lC10-IO 1.0lClO-6
Thallium 1.8)(10·\1 2.4)(10'11 6.7)(10·\2 3.2)(10.12 2.bl0·\1 5.4lC10'12 7.0)(10'\1 8.6)(10.11 3.8lCI0·11 2.6x10·IO 3.6)(10"
Uranium 3.8)(10.9 4.7)(10.9 1.4lCI0·' . 6.4lClO·10 4.4xlO·9 1.1)(10.9 1.5lClO'8 1.5)(10.8 7.3)(10.9 S.9x10·8 1.2)(10.4
Vanadium 1.7)(10" 2.5x10·' 5.6xlO·10 2.6)(10'10 2.0xlO·' 5.1)(10-10 1.blO'9 8.bI0" 4.2lCI0·9 2.8)(10" . 3.8)(10'5
Zinc 1.9)(10" 1.5x10·9 5.9)(10.10 2.5"10.10 2.4lC10·9 5.0.10.10 1.2x1lr' 5.3)(10" 2.2lC10·9 4.9)(10-8 9.9lCl0-5

Inorganic anions
1.5)(10'10 1.4)(10.10 4.8lCio·11 1.9lCIO'I0 .4.1xlo-ltAuorlde 2.2,,10.11 8.0lCIO'10 UxlO· IO 2.2lil0·10 3.5x10-9 6.1lClo"

Nitrale 8.1)(10.9 2.0)(10" 3.3)(10.9 1.6,,10.9 1.0lCI0·' 3.h<10·' 2.5xlO" 6.0lClO·8 3.4)(10.8 1.2lClO-8 1.2)(10.4
Nitrile 8.8)(10.11 1.9)(10.10 '3.2)(10. 11 1.6lCI0·11 1.0lClO'I.O 3.1lClo-lI 2.6)(10-10 . 5.8lClO· 10 3.3)(10.10. 8.0)(10-\0 6.7)(10'7

"
\," .. . ;.
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•
TABLE F.9 (Cont.)

•
Estimated Concentration of Respirable Particulates in AIr at R~tor LocationsA (mg/m3)

•
Contaminant A B C D B F C H K

PAHs 6.9x10-8 5.6xl0-8 18x10-8 10xl0-8 8.1x1o-B 1.1lC1o-B 3.6..10-7 2.0..10.7 8.0..10-8 11..10-' 1.3xlo-'

PCBs 2.0xlO'"10 4.5xlO'"I~ 1.7x10-11 3.9le10-11 2.4x10-10 7.1lC10-11 5.7..10'"10 1.5le10·9 1;7x10-10 1.1le10-9 1.2lel0-7

Nitroaromatlc
compo,\U\ds

4.3xl0·\1 2.9x10~11 1.2xl0·11 5.6xl0·12 5;2le10'"1I ' '1:1le11rll 2.5xlO'"10 1.2le10~10 4.4xl0·11 1.2..10.9 1.6x10'"7DNB
2.4-'DNT 5.1..10.12 8.5x10·12 2.1xl0·12 ].4..10.12 5.5x10·12 1.5xl0·\2 1.3lC10-t1 6.5..10~1I ].4xl0·11 3.6xl0~tt NAc

2,6-DNT 6.0xl0·12 1.0lel0·11 2.4x10·12 1.6..10.12 6.4xl0·12 1.8x10·12 16x10-11 7.6lC10·1I 1.6..10.11 4.2..10.11 NA
NB 4.9xl0·11 8.2x10·11 2.0xl0,11 , 13x10·11 5.3x10·11 ].4..10.11 13x10-10 6.2lel0·10 1.3x10:10 3.5..10.10 NA
TNB 8.8xI0·11 1.5lel0·10 3.6le1O·11 2.3x10·11 '9.5..10-11 2.6..10'"11 2.3xlo-10 1.1 le 10.9 2.4x10·10 6.2..10.10 NA
TNT 1.6le1O·IO 2.7..10.10 6.7"10'11 UleJO·II 1.8x10·10 UlC10·11 4.3x10'"10 2.1xl0·9 4.4..10.10 1.2le10·9 9.1le10·7

• ' The potential receptors are desaibed in Table P.l. and their loCations' are shown In Figure F.1. Except for receptor K. the airborne concentrations of chemfcals
were calculated &om 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 chemlcals are, based on a respirable particulate concentration of 1 mg/m3 and~ ."

J..
U~ chemical concentrations In sltewide soil u.>

b The concentrations of chromium III and clvomlum VI were estimated asswnlng that these two contaminants represent 90% and 10%. respectively, of the total
chromium concentralfon.

C NA means the entry 15 not applicable. (The worker 15 assumed to be wearing respiratory protective equipment when handling material at the TSA; this
nitroaromatic compound has not been deteCted in other, sHewlde soU that would be handled.)



TABLE F.IO Estimated Co~~entrations of RadiomicUdes in Soil at Receptor Locations for Alternative 6a~ CheDiical
StabilizationiSolidific~tiori, and Alternative 7a, Vitrification .

Estimated Concentration in Soil at Receptor Locations· (pCi/g)

Alternative/
JContaminant A B C 0 E F G H K

Chemic,,, StllbilizationlSoll4l/ication

Actinium-227 1.4lCI0·5 1.4lCI0·5 1.11<10.5 4.7lCI0-6 1.6lCI0·5 9.5lClo-' 3.2lCI0·5 5.9lC10·5 3.3lCI0·5 . 1.0lCI0" 1.2
Lead~210 4.4lCI0·5 4.7lCI0·5 2.9lCI0·5 1.3lCI0·5 5.0,(10.5 2.5lCI0·5 1.2lC10" 1.9lCI0" 8.4lCI0-5 3.bl0" 11
Protactinium-231 2.0~10·5 1.9lCI0·5. 1.5lCI0·5 6.4lCI0~6 2.2lCI0~5 1.3lCI0·5 4.6lCI0·5 8.0icl0·5 . 4.4lCI0·5 1.5lCl0" 2.5
Radium-226 3.2lClO·5 3.4lCI0·5 2.2lCI0·5 9.8lCI0"' 3.6lClO·5 1.9lCl0.5 9.1d0-5 1.3lCI0" 5.8lCI0-5 2.7lClO" 11
Radium;228 1.7lCI0·5 . 1.9lCI0·5 1.bl0·5 5.1lClo-' 2.0lCI0·5 9.8lCI0"' 4.9lCI0·5 . 7.0lClO'5 3.bl0·5 1.4lC10" 5.9
Thori~-230 5.8)(10" 5.5lCI0'" 4.7lCI0'" 1.9lCI0" 6.4le10'" 4.0lel0-4 1.2lcl0·3 2.5lel0-3 1.4lCI0·3 . 3.7lel0~3 5.2
Thorium-232 . 9.1lCI0"' 1.1lCI0·s 5.2lCI0"' 2.7lCI0"' 1.0lel0·5 4.5lelO"' 3.2lCI0·5. 3.0lel0·5 1.1 lC10-5 1.0dO" 5;9
Uranium-235 5.9 lC10"' 6.~lCI0-6 3.51<10"' 1.8lClo-' 6.7)(10-6 3.0lC)O"' 2.0lCI0'5 2.0lel0·5 7.4leI0-6 6.3lCI0·5 3.0
Uraniuin-238 1.3lCI0" 1.4leI0" 7.6lel0·5 . 3.9lCI0·5 1.5lel0" 6.5lCI0-5 4.3lClO" 4:3lCl0-4 1.6lCI0" 1.4lCI0-3 65·..........................................................................................................................................................................................................,.................................................................................................. .".. .
Vitrlflcation t
Actinium-227 1.0lCI0·5 1.9lCl 0.5 8.1 lClO"' . 4.1 lClo-' 1.1dO·5 7.4lCI0"' 2.1lCI0·5 7.7lCI0·5 3.3lCl0-5 5.8lCl0-5 1.2
Lead-210 4.6lCI0·5 6.3lel0·5 2.7lCI0·5 1.7lC10.5 4.9lel0·5 2.4lCl0-5 1.1KI0" 3.2lCI0" 1.0lCI0" 3.3lCI0" 1l
Protactinium·231 1.4lel0·5 2.6lCI0·5 lbl0·5 5.7lCI0"' 1.6lel0·5 lOlCI0·5 3.2lCI0·5 . 1.1 le10" 4.4lCI0,5 9.5lClO,5 2.5

. Radium-226 2.9lClO,5 4.5lClO,5 1.8leUrs 1.bl0·5 . 3.3)(10.5 1.7lCI0·5 7.9><10.5 1.9lCI0" 6.5lCI0·5 27x10" 11
Radium,228 1.7lCI0·5 2.51<10.5 1.0lCI0·5 6.bl0"' 1.9KI0·5 9.1xl0"' 4.6lCl0-5 1.1lCI0" 3,7lCI0·5 . 1.5lel0" 5.9
Thorium-230 . 4.1lC10" 7.8icl0" 3.4lel0" 1.7KI0" 4.5lCI0" 3.1 lCI0'" ·7.4lC10" 3.3lel0·3 1:4lClO·3 . l6lCI0·3 5.2
Thorium-232 9.0lC1I;-6 1.3lCI0·5 4.9lel0·6 iOlCI0"' 1.0lCI0·5 4.3lClo"' 3.0lCl0;5 4.8lel0·5 1.3lCI0·5 l2lCI0" 5.9
Uranium-235 .5.bl0"' 8.2lClO-6 3.1 leI0"' 1.8le10"' 6.1lCI0-6 2.8lCI0·6 1.8lCI0-5 2.9lel0·5 8.6lCI0"' 7.2lCI0·5 3.0
Uranium-238 1.2lCI0" 1.8lClO" 6.8lCI0-5 4.0lCI0·5 1.31<10" 6.01<10.5 3.9lCl0-4 6.3lCI0" 1.9lCI0" 1.61<10'3 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 represent cumulative soil concentrations for
the 7-year Cleanup period. The U~5 concentrations in sitewide soil were used for receptor K. .

• e .e
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TABLE F.l1 Estimated Concentrations of Chemicals in Soil at Receptor Locations for Alternative 6a, Chemical StabUizationl
Solidificalion

Estimated Concentration In Soil at Receptor Locati~ns· (mg/kg)

Contaminant A B C D E F G H J K

Metals
Antimony 8.9/(10-5 8.4/(10.5 4.3xlO·5 2.5x1O·5 lJ xl0'" 4.1)(10'5 4.1)(10-4 2.9)(10'" 7.5)(10-5 1.5)(10.3 7.2
Arsenic 6.4/(10.5 6.3le10·5 4.2le1O..5 2.0)(10"5 7.2)(10-5 3.6)(10..5 2.0xl0-4 2.4le10'" 9.8)(10.5 6.5)(10'" 1.9)(101

Barium 5.9)(10'" 5.9/(10'" 3.2lel0-4 1.7le10'" 6.8le10-4 2.9)(10-4 2.4)(10-3 1.8)(10.3 5.5le10'" 8.4)(10-3 1.9><102
Beryllium 2.7)()0"' .. 2.6)(10" LSx10" . ··8.0)(10'7 3.2)(10" 1.4)(10" 1.1 )(10-5,. 9.4><10" 3.0><10"' 4.0le10..5 1.0
Cadmium 2.9)(10" 3.0le10" 1.8le10·6 8.2le10-7 3.3)(10"' 1.6)(10" 1.0><10'5 1.2le10,5 4.8leI0" 2.8xlO..5 ' 1.2
Chromium mb 5.7)(10-5 5.6le](y5 3.b10'5 1.7)(10.5 6.71<10-5 2.8)(10-$ 2.4)(10'" 1.9)(10'" 5.6)(10-5 8.6)(10'" 2.4)(101

Chromium VJb. 6.3)(10" 6.2x10" 3.41<10"' 1.8)(10" 7.51<10" 3.b10" 2.7)(10.5 2.b10·5 6.2)(10" 9.5xlO'5 2.7
Cobalt 2.6)(10-$ 2.6)(10-5 1.41<10.5 7.7)(10" 3.11<10'5 1.3><10..5 1.1 )(10'" 8.5)(10..5 2.5)(10'$ . 3.9xlO'" ],4)(101

Copper 7.2)(10-5 ,7.0)(10.5 3.9)(10"5 2.1)(10·$ 8.41<10-5 3.6)(10-5 2.9)(10'" 2.51<10'" 8.01<10..5 1.0)(10-3 2.1)(101

Le.1d l.b10'" 1.3)(10'" 7.1)(10..5 3.5)(1(J'"5 }.2)(10'" 5.4)(10..5 3.4)(10'" 3.2)(10'" 1.2)(10'" 9.9)(10-4 5.8)(101

Lithium 2.2)(10-5 2.2)(10,5 1.2)(10.5 6.4)(10" 2.7)(10.5 1.l>c10,5 1.0)(10'" 7.4)(10-5 2.2)(10.5 3.5)(10-4 1.0)(10' .
Manganese 2.0)(10.3 2.0)(10-3 1.2)(10..3 6.1)(10'" 2.3)(10'3 9.9)(10'" 7.4)(10~3 6.1)(10'3 1.9)(10..3 2.5lel0..2 6.6><102 :LMercury 3.2lel0..7 3.4le)0..7 2.1 leI0.7 9.9le10·8 3.7)(10..7 J.9le]()'"7 9.8~lo-7 1.4le10"' 5.6)(10.7 2.9)(10" 9.0le10..2 \II
Molybdenum 7.3le1(J'"5 7.11<10-5 4.5le10"5 2.2><10..5 .8.5)(1(J'"5 4.0le10..5 2.7)(10-4 2.6le10'" 1.0le10'" 9.4)(10'" 2.4)(101

.Nickel 8.8)(1(J'"5 8.6)(1(J'"5 4.9)(10.5 2.6le10-5 1.0)(10-4 4.5le10·5 3.6)(10'" 3.0)(10'" 9.8le10"5 1.3)(10-3 2.9><101

Selenium 5.1 )(10" 5.4)(10"' '3.0x10·6 1.6)(10-6 6.010"' 2.8le10" 1.8><10,5 2.1 leI0,5 7.4x10·6 6.2)(10..5 4.4
Silver 2.4lelo"' 2.5)(10"' 1.3le10" 6.8><10'7 2.8)(10"' 1.2x10"' . ]JlelO,$ 8.5le10"' 2.7)(10"' 3.3)(10.5 1.0
Thallium .2.0)(10" 2.1x10" ].3x10"' 6.3le10..7 2.2)(10" 1.1 )(10" 6.1x10"' 6.9x10"' 2.6)(10" 1.9x10·5 3.6
Uranium 4.0x10-4 4.41<10-4 2.5x10'" 1:3xl0'" 4.5)(10'" 2.1 leI0'" 1.3x10'3 1.3 leI0..3 . 4.9x10'" 4.3xl0"3 1.2x102
Vanadium 2.1 leI0'" 2.0lel0'" 1.5lel0'" 6.7xl0"$ 2.4x10'" 1.3)(10'" 6.6lel0'" 8.1 x10'" 3.8x10'" 2.3lel0·3 3.8x101

Zinc 2.2 leI0'" 2.3)(10'" 1.1x10'" 6.2 le10"5 2.6xl0'" 1.1)(10'" 1.1 leI0,3 7.2xl0'" 2.0x10'" 3.5x10-3 9.9le101

Inorganic anions
1.8x10..5 1.8le10·5 9.7le10" 5.2x10"' 2.1)(10,5 8.7lel0" 7.1lel0·5 5.6x10-5 1.7x10·5 2.5leI0'"Fluoride 6.7

Nitrate 1.2le1O·3 . 1.2x10"3 1.0)(10-3 4.1 leI0'" 1.4xI0.3 8.7le10'" 2.5le10"3 . 5.3x1O-3 3.1le10·3 7.7le10·3 i .2x102
Nitrile 1.2)(10·$ 1.2le10·$ 9.8><10.6 4.0le)0" ·1:3)(10·$ 8:4)(10" .. 2.5x1(J'"$ . 5.2xlO·5 3.0)(10'5 8.2x10·5 6.7)(10-'



TABLE F.l1 (ConI.)
',:

Estimated Concentration in Soil at Receptor Locations· (mg/kg)

Contaminant

PAHs

PCBs

ABC

7.hel0·9 6.8)(10.9 3.7)(10.9

2.81<10-' . 2.6)(10" 2.2)(10"

D

1.9)(]0·9

E F G

8.5)(1O·9 3.4)(]0·9· 3.2)(10"

3.0)(Ur5 1.9)(10.5. 5.51<10.5

H

2.5)(10-&

I

9.1 )(10-9

6.9)(10'5

J

1.21<10"

1.7)(10'"

'. K

1:3

7.2)(10'1 .

Nitroaromatic
compounds

DNB
2,4-DNT
2,6-DNT
NB
TNB
TNT

5.01<10-6 4.6)(10"' 2.4x10-6 1.4)(10.6 6.0)(10-6 2.3)(10-6 . 2.21<10~' 1.61<10" 4.21<10-6 8.51<10'5
4.2)(10" 4.5)(10-7 2.7)(10-7 1.0)(10" 4.6)(]o-' 2.31<]0-7 . 9.2)(10.7 2.hel0-6 9.3)(10.1 1.4)(10-6
4.9)(10-' 5.2)(10" 3.1)(]0·' 1.2)(]0" 5.5)(]0" 2.71<10" 1.hel0-6 2.5)(10-6 1.11<10-6 1.6K10-6·
4.0ic]0"' 4.3)(]0·6 2.6)(10.6 9.6)(10-' 4.5)(10-6 2.2)(10"' 8.81<10"' 2.1)(10" 9.0)(10-6 1.3)(10-5
7.2)(10"' 7.7)(10-6 4.6)(10-6 1.7)(10'.6 8.0)(10-6 4.0)(10-6 1.6)(10-' 3.7)(]O" 1.61<10" 2.4KI0'~
1.3)(10" 1.4)(]0·5 8.5)(10'6 3.2)(10-6 1.5)(10.5 . 7.4)(10-6 . t9)(10,5 6.9)(10.5 3.0)(10.5 4.5)(10,5 9.1 )(10.1 .

• 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-yearcleanup period. The U~5
concentrations in sitewide soil were used for receptor K. .

b The concentrations of chromium DI and chromium VI .wereestimated assuming that these two contaminants represent 90% and 10%, 'respectively, of the
total chromium concentration. .

C A hyphen indicates that the entry is not applicable.

• •_.. -- •



.' • •
TABLE F.12 Estimated Conc:entrations of CheminIs in Soil at Rec:eptor LontioN for Alternative 7a, Vitrific:ation

Estimated Conc:entrationln Soi1'at Rec:eptor Locations' (mg/kg)

Contaminant A B C 0 H F G H J K

Metals
Antimony, 8.0xlO·5 J.Oxl0" 3.9xl0·5 2.4xlO·5 9.51(10'5 3.8xl0·5 3.7x10" f,O)(]0'" 8.f)(W·5 1.9)(10.3 i2
Arsenic 5.91<]0.5 9.2xl0·5 3.8)(]O·5 2.1 )(]O·5 6.7x]O·5 3,4x10'5 1.81(10" 3.8x]O'" 1.3xl0'" 7.71<10" 1.9x·101

Barium 5.4xl0" 7.61(10" 2.9x10'" 1.71<10" 6.3x10" 2.71<10" 2;1 ..10.3 2.7x10·3 , 6.8)(10" 1.01<10.2 1.9x102

Beryllium 2.51<10'" 3.4x10'" ].31<]0'" 7.9xl0·7 2.91<10'" 1.31<10'" 1.0lCI0-5 1.41<W·5 3.81<10'" 4.8Iel0·$ 1.0
Cadmium 3.1 1<10'" 4.2Ki(J'" 1.7x10·6 1.l1<10~ 3.5ldo'" 1.61<10'" 1.0le10·5 2.he10·5 6;7)(10.6 3.6)(10·~ 1.2
Chromium mil 5.21<]0.5 7.2x10·5 2.81<10·$ 1.7x10·5 6.21<10.5 2.6xl0·5 2.2)(10" 2.81<10'" 6.9x)O'5 l.he1O·3 2.4I(]01

Chromium Vlb 5.8x10'" ' 7.91<10'" 3.he10'" 1.8x10'" 6.8x10'" 2.91(10'" 2.41<10.5 3.1 xl0·5 7.7)(10'" 1.2)(10" 2.7
Cobalt 2.-41<10.5 3.3)(W·5 1.31<10.5 7.6)(] 0.6 2.81<10.5 1.2x10·5 9.9)(10~5 1.2xl0" 3.}I<10·5 4.7)(10" 1.4x101

Copper 6.71<10.5 9.0x10·5 3.61<10.5 2.2)(10.5 7.8)(10'5 3.4)(10.5 2.71<10" 3.81<10" 1.0x10" 1.3)(10.3 2.b101

Lead 1.2K10" . 1.8xl0" 7.1xl0·5 4.01<10·$ 1.3x10" 5.7xl0·5 3.4xl0" 5:7x]0" 1.7)(]0'" 1.21<]0.3 5.8xl01

Lithium 2.0K]0.5 2.8)(10·$ 1.1 xlO·5 6.3)(10'" 2.4x]O·$ 1.0KI0·5 9.5xl0·5 1.1)(10-4 2.6xl0·5 4.3)(]O" 1.0x101

Manganese 1.8xlO·3 2.7xl0·3
"

1.1 xl0·3 6.0xl0" 2.1 )(10.3 9.4x]O" 6.7xl0·3 9.3x1O·3 2.5)(10.3 3.1 )(10.2 6.6x102

Mef(ury 3.4xl0·7 4.8)(10'7 2.0)(10.7 ].3)(10.7 3.8)(] 0.7 1.9x]O·7 ·9.7x10·7 2.4xl0·6 7.8x10·7 3.61<]0'" 9.0)()O·2 rMolybdenum 6.51<]0·$ , 9.9x]O·$ 3.9)(10.5 2.2x10·5 7.6x]O·$ 3.61<]0.5 2.4xl0" 3.9x10·4 1.3)(10-4 1.he10.3 2.4)(101

"Nickel 8.bl0·5 1.1 1<10" 4.4)(10.5 2.61<10'5 9.5x1O·5 4.1xl0·5
' ...

4.51<10'" 1.21<10'" 1.61<10.3 2.9)(1013.31<10
Selenium 5.2)(10'6 7.1 xl0'" 2.9xl0'" 1.9)(10.6 5.9xl0-6 2.7x10'" 1.8x1O·$ 3.4)()O.5 9.8)(10'" 7.71<10.5 4.4
Silver 2.4)(10'" 3.2)(10'" 1.2xl0'" 7.6)(10.7 2.71<10'" 1.1 1<10'" 1.0x]O·5 1.3~)O·5 3.4)(10'" ' 4.21<]0.5 1.0
Thallium ].9)(10'" ' 3.0x10'" 1.2)()o'" 7.0x1O·7 2.1)(10'" 1.0)(10'" 5.8)(10'" 1.])(]O·5 3.6)(]0'" 2.3x10·5 3.6
Uranium 3.91<10'" 6.01<10'" 2.4x10" 1.4x)O'" 4.4)(10" 2.11<10'" 1.3x10'3 2.1xl0·3 6.6xl0" 5.2xl0·3 1.21<102

Vanadium 1.9xl0'" 3.1 xl0'" 1.3xl0'" 6.7)(10.5 2.1 1<10" 1.1xl0'" 5.8x10-4 1.2x)O·3 5.0xlO" 2.6x10·3 3.8xl01

Zinc 2.0)(10" 2.8xl0" 1.0xl0'" 6.1 xl0·5 2.4x10'" 9.71<10'5 1.0x10-3 ' 1.0x10.3 2.41<10'" 4.3xl0·3 9.9x10'

Inorganic: anions
1.6x10·5 2.3x10·5 ' 8.9xl0·6 5.2)(10'" 1.9)(10.5 8.1 )(10'" 6.4x10·5 8.31<10·$ 2.1 x10·5 3.1 )(10"Fluoride 6.7

Nitrate 1.0xl0·3 2.0)(10.3 8.5xlO-4 4.2)(10" 1.2)(10.3 , 7.6)(10" 2.1 1<]0.3 8.4x]O·3 4.2x10·3 ' 7.9)(10'3 1.2x102

Nitrite 1.0xlO·5 1.9)(10'5 8.2xl0·6 4.1 xl0'" 1.2x10·5 7.4)(10'" 2.21<10'5 8.1xl0·5 4.bl0·5 8.7)(]O·5 6.7)(10-1

'-



TABLE F.12 (Coni.)

Estimated Concentration in Soil at Receptor Locations· (mg/kg)
.' "

Contaminant A B C 0 E F G H J K

PAHs 6,6x10·9 8.5x10·9 3.2x10·9 1.9x10·9 7,8x10-9 3.0x10·9 2.9x10" 3.4x1O,8 I~Ox10" 1.6xlO·' 1.3

PCBs 2.4x10·5 4.4x10.5 1.9x10·5 9.6x10"' 2.7xl0·5 ).7x10-5 4.9x10·5 1.9x10'" 9.5)(10.5 1.8)(10-4. 1.2x10·1

Nitroaromatic
compounds

4.5xl0"' 5.7x10"' 2.2xlO-' , 1.3xl0·' 5.4xl0'" 2.11<10'"' 2.0xl0·5 2.3x10·5 4.1x10'"' 1.0xl0'" 1.6x10·1DNB
2,4·DNT . 5.9x10·' 6.5x10" 3,0)(10" 2.1 )C]O-' 6.1~10·' 2,6)(10" 1.2)(10"' 4.7x](j'"' 1.4x10"' 2.5xl0'"' .c

2,6·DNT 6.9xl0" 1.6)(10~' 3.5xl0·' 2.5)(10" 7.2xl0·' ·3.11(10" 1.4lCI0'" . 5.5lC]0'" 1.7lCI0·' 2.9lC10'"'
NO 5.7)(10"' 6.3)(10" 2,9)(10'"' 2.0)(10" 5.9lCI0'"' 2.5)(10'" 1.1lCI0·5 4.5lCI0·5 1.4x10·5 2.4x]0-5
TNB 1.0xl0·5 1.1 )(10.5 5.2x10"' 3.7)(]0.6 1.1>(10-5 4.6)(10'"' 2.1)(]0·5 . 8.hel0·5 2.5)(10.5 4.3icl0'S ,
TNT 1.9x10·5 , 2.1>(10.5 9.7x10·6 6.8)(10"' 2.0)(10-5 - 8.5)(10"' 3.8)(10-5 1.5)(10'" 4.6)(10.5 1.9)(10-5 9.1 )(10',1

• The potential recepton are described in Table F.1, a'nd 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 t"ose
sources, and the estimated deposition on the ground surface. Values represent cumulative soil concentrations for the 7-year cleanup period. The
U~5 concentrations in sitewide soil Were used for receptor K. . . .

b .The concentrations of ~hromium mand chromium VI were estimated assuming that these two contaminants represent 90% and 100/0, respectively, of
the total chromium concentration. . ,

C A hyphen indicates t~t the entry is not applicable.

• •
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TABLEF.13 (ConL) •
Occu~tional Stane:lard/Cuideline"

(mglm3, except as noted)

OSHA ACCIH . NlOSH CllD\D\I!IltS
Contaminant PELb n.ve REI.d

Metals (conl) I

IlSelenium 0.2 0.2 0.2 Selenium compounds, as seleriiwn.
;1

Silver . 0.01 . 0.01 0.01 PEL and REI.: metal, dust. and fume, as silver. n.V:
I

Soluble compounds, as silver; TtV for.silver metal·is
0.1 mg/m3. . .

ThaI1ium 0.1 0.1 0.1 Soluble compounds, as thalliwn. Skin designation;
refers to a potential contribution of the overall exposure
by the cutaneous route. including mucous membranes .
ande~-~~~~m~mm~

particularly, ~gh direct COI\mct.

Uranium 0.05 0.2 0.05 PEL and REI.: soluble compounds, as uranium; PEL
and REI. for imoluble compounds is 0.2 mg/m3, ..
uranium. n.V: soluble and imoluble compounds. as
uranium.

Vanadium 0.05 0.05 O.OS- PEL: respirable dust. as vanadium oxide rt20s>..TtV:
respirable dust and fume. •:zmc 5 10 5 REI. and PEL: zinc oxide fume; l~minute ceiling is
10 mg/m3. TtV: zinc oxide dust; TtV for fume is
5 mg/m3.

Inorganic anions

Fluoride 2.S 2.S 2.S Fluorides, as fluorine; TtV for fluorine is 1.6 mg/m3.

Nitrate NA NA NA

Nitrite NA NA NA

PAHsf 0.2 0.2 O.le PEL and n.V: for coal tar.pitch volatiles, meaosured as
the benzene-soluble fraction of total particulate matter. i
REI. for coal tar pitch volatiles, measured as the
cydohexane-soluble &action of total particulate matter.

. ;;.

PCBs8 0.5 0.5 0.001 PEL and TtV: for chlorodiphenyl (54% chlorine), skin
designation; refers to a potential ~tributionof the
overall exposure by the cutaneous route, includinB
mucous membranes and eyes - through aiIbome
~Qct, or more particularly, through direct ~Qct.

,.,

•
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• TABLEF.13 (Canl.)

Occupatioilal Standard/Guidellnf!A
(mglmJ, except as noted)

OSHA ACeD-! MOSH' Comments
Contaminant PELb nve RELd

Nitroaromatic
cam~

DNB 1 1 1 For all DNB isomers. Skin designation; refers to a
potential co~tnbutionof the overall exposure by the
cutaneous route, including mucous meu\branes and
eyes - through aUbome contact, or more particularly,
through direct coritact.

2.4-DNT 1.5 1.S 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.

2.~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, including
mucous membranes and eyes - through aiJbome .
contact, or more particularly, through direct contact.

TNB 0.5 NA NA Skin designation; refers to a potential contribution of
the overall exposure by the cutaneous route, including
mucous memmnes and eyes - through airborne
contact, or more partic:Warly, through direct contact.

TNT O.S 0.5 0.5 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 partic:Warly, through direct contact.

•

• Each comznentapplies to the PEL. n.V, or REL. as specified; where no spec:i6c designation is noted, the COlNlU!r\t
applies to aU three standards/guidelines; NA means no data available.

b OSHA pennissible exposure limit (PEL) (29 CFR Part 1910); PEls are ~hour time-weightedaverage (tWA)
concentrations. The PEL listed for cadmium was recently 6nalized, and the standard takes effect December 14­
1992-

c ACGD-! (1990) threshold limit values (TlVs); n.Vs are 8-how' lWA concentrations.

d Recommended exposure limit (REt) of MOSH (1990). Unless otherwise noted. RELs are the l~hour lWA
c:onc:enttations.

" CarcinoBen; reduce exposure to lowest feasible level.

f Benz(a)anthracene, benzo(a)pyrene, benzo(b)8uoranthene, benzo(k)8uoranthene, chrysene, and
indeno(l.2.3-<d)pyrene.

I Aroclor 1248, 1254, and 1260.
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TABLE F.14 , Estimated'Annual'Ra~ologicalDoses to Members of the GenenlPublic ' '
&om lnha1ation'of Contaminants Released &om the Sitea

,Alternative 6a Altemative 7a

Dose from r>osefrom Dose from Dose from
Airborne Radon-222 ,Airborne Radon-222

Particulates . Decay Products Particulates Decay ProdUcts
Recepto~ (miem/yr) (WLM/yr) (mrem/yr) (WLM/yr)

A 1.6 )( 10-2 7.8 )( 10-5 , 1.2 )( 10-2 1.1 lC 10-4
B 2.0)( 10-2 1.8 lC 10-4 2.5 lC 10-2 2.5 lC 10-4 .

·C 6.6 ~ }0-3 3.9 )( 10-5 5.1 lC 10-3 5.6 lC 10-5

D 2.7 )( 10-3 2.5 lC 10-5 , 2.2 lC 10-3 3.6 lC 10-5

E '5.3 )C 10-3 2.3 lC 10-5 4.1 )( 10-3 3.3 lC 10-5 '

F 7.0 lC 10-4 3.4 lC 10-' 5.0 lC 10-4 5.0 lC 10-'
G 3.2 lC 10-2 1.1 lC 1(r4 2.3 )( 10-2 1.5)( 10-4
H 4.8 lC 10-2 1.5 )( 10-4 . 4.7 lC 10-2 2.2 lC 10-4 .
I . 2.8 lC 10-2 9.7 )( 10-5 2.5 lC 10-2 '1.4 )( 10-4
J 4.1 )( 10-2 1.8 )( 10-4 3.2 lC 10-2 . 2.7 )( 10-4

a ,The dOses given in this table are averaged oVer the 7-year cleanup period. The estimated dose
in any given year could be higher or lower, depend.iilg on the schedule of remedial action
activities. Compared with these average values, the inhalation dose in the mammUD\ year is
predicted, to be less than two times higher for radon-222 decay products and about four times
higher for contaminated particulates. The total dose to these receptors can be obtained by ,
multiplying the annual doses by the exposure duration given in Table F.2.

b The individual receptors are desaibed in Table F.l, and their locations are shown in Figure F.l.
Receptor J is included in this table because the principal means of exposure to on-site office '
workers is the same as that for off-site members of the general public, i.e., via inhalation of
airborne contaminants.

"."'.l."

•

•

I
I
I
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TABLE F;15 Remedial Action Worker Requirements for tlu! Final Alternatives

Worker Requirementsa (person~years)

Activity Altema!ive 6a Alternative 7a Alternative 7b Alternative 7c

Excavation and on-site 210 210 210 210
handlini

Volume. reduction 18 18 18 18
Chemical stabilization 43 . NAc NA NA
Vitrification NA - 2SO 250 2SO
Water treatment 29· 29 29 29
Transportation of supplies 85 61 27 27

and fill materiald

Off-site transportation of NA NA 320 320
contaminated materiald .

Disposal 170 210 210· 210·
Total 560 780 1,100 1,100

a Except for transportation. worker requirements are based on 2SO work days per Year, with
6.5 productive work hours per 8-hour shift (MK-Ferguson Company and Jacobs Engineering

._ Group 1992). .,Estimates are reported to two significant figures. . .

b- Includes worker req~entsassociated with remediating vicinity properties and contaminated
sediment in the Busch. Wildlife Area lakes, as wen as reclaiming all excavated areas. Also
includes the requirements associated with transporting process chemicals to a licensed facility for
incineration.

C NA indicates ,that the may is not applicable.

d See Section F.7 for additional information on transportation requirements.

e For this analysis, the worker requirements for off-site disposal are assumed to be the same as
those for on-site disposal (Alternative 7a).
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TABLE F~16 Radiological Doses and Health Risks to an On-Site
Remedial Action Workerol

Annual1')QSe
Exposure Route (rem/yr) Annual Riskb

External gamma irradiation 0.10 6 x 1(Ts

Inhalation
Particulates 0.22 1 x 10-4
Radon-222· decay products O.025c 9 x 10-6

Incidental ingestion of soil 0.016 1 x 10-5

Totald 036 2 x 10-4

a The occupational doses.itssociated with off-site disposal activities at
theEnvirocare facility (Alternative 7b) or the Hanford facility
(Alternative 7c) are expected to be similar to those for on-site

. disposal activities at the Weldon Spring site (Alternative 7a).

. b Based on· a risk factor of 6 x l(r7/~em for all exposure pathways
except inhalation of radon-222 and its short-lived decay products
(EPA 1989b); a risk factor of 3.5 x 10-4/WLM was used for inhalation
of radon-222 decay products (National Research Council 1988)..
These two risk factors are discussed in greater detail in Section 4.1 of
the BA (DOE 1992a). ..

.c Annual dose in WLM/yr.

. d To obtain the total annual dose (in mrem),·the radon dose (in WLM)
was converted to mrem with the factor of I,OOOrrirem/WLM given
in Publication 32 of the ICRP (1981). The estimated radiological risk
to a remedial action worker at the site for the entire 7-year cleanup
period would be about 1 x 10-3. . ..

•

•

.'
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TABLE F.17 Estimated Radiological Risks. to Potential Receptors
for Altemative 6a, Chemical Stabilization/Solidification, and
Alternative 7a, Vitrification .

Inhalation of
Contaminated Inhalation of

. Alternative/ Airbome Radon-222
Receptor Particulates8 Decay Productsb Total

C~kaIStabiu%atiom
Solidification

A 7 x 10-8 2 x 10-7 3 x 10-7

B 8 x 10-8 4 x 10-7 5 x 10-7

C 3 x 10-8 1 x 10-7 1 )( 10-7

0 1 )( 10-8 6 X10-8 7 )( 10-8
E 1 x 10-8' 3 x 10-8 4 x 10-8
F 3 x 10-9 8 x 10-9 . 1 )( 10-8
G 1 x 10-7 3 x 10-7 4 x 10-7

H 2 )( 10-7 4 )( 10-7 6 )( 10-7

I 1 x 10-7 2 )( 10-7 4 x 10-7

J 2 )( 10-7 . 4 )( 10-7 6 x 10-7
-------------------------------------------------------------------

• Vitrification

A 5 x 10-8 3 x 10-7 3 x 10-7

B 1 x 10-7 6 x 10-7 7x 10-7

C 2 x 10-8 1 x 10-7 2 x 10-7

0 9 )( 10-9 . 9 x 10-8 1 )( 10-7

E 1 )( 10-8 5 x 10-8 6 x 10-8 .
F 2 x 10-9 1 )( 10-8 ' 1 x 10-8
G 1 x 10-7 4 )( 10-7 5 x 10-7

H 2 x 10-7 5 )( 10-7 7 x 10-7

I 1 )( 10-7 3 x 10-7 4 x 10-7

J 1 x 10-7 7 x 10-7 8 x 10-7

8 Based on a risk factor of 6 x 10-7/mrem (EPA 1989b).

b Based on a· risk factor of 3.5 x 10-'/WLM (National Research
Council 1988).

•



TABLE F.18 Estimated Chemical Carcinogenic Risks tei Potential Receptors for Alternative 6a, Chemica.
Stabilization/Solidification

• • -_._._-~. __.•.
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a Listed are only those contaminants and exposure routes for which an EPA slope factor is available. The EPA slope factors used to estimate
the risks are given in Tables 4.4 and 4.5 of the BA (DOE 1992a).

b NA indicates that the pathway and/or contaminant is not applicable (or that receptor.



TABLE F;19 Estimated Chemic:al Cardn'ogenic Risk. to Potential Receptors for Altemative 7a, Vitrification·

Estimated Carcinogenic Risk for t~e Various Receptors
Contaminant/

Exposure Route· A B C 0 E F G H I J K

Metals

Arsenic
Inhalation 2)(10-10 3lCI0-10 6lC10-11 ' 3lC10-11 4)(10-11 1)(10-11 5lC10-10 6)(10-10 2)(10-10 8lC10-10 6)(10-6
Irigestion of sOil 2lCl0-11 2)(10-11 1)(10-11 5)(10-12 3)(10-12 4)(10-12 4)(10-n 8lCl0-n 3)(10-11 7x10-n 4)(10-5

Beryllium
5)(10-J2 4)(.10-12 1ict'0'12 9)(10-13 3)(10-13 9)(10~12 .Inhalation 6)(10-13 1)(10-11 4)(10-12 3)(10-11 2)(10-'

Ingestion of soil 2)(10-12 2)(10-12 8)(10-13 5)(10-13 3)(10-13 3)(10-13 5)(10-12 . 7)(10-12 2)(10-12 1)(10-11 5lC10-6

Cadmium
Inhalation 4)(10-12 5><10-12 h<10-12 8lC1O-13 8)(10-13 3)(10-13 1)(10-11 2)(10-11 5lC10-12 2)(10-11 bl0-7

Chromium VI 'rJInhalation 5)(10-11 5)(J(tl1 '2)(10-11 . 7)(10-12 bl0-11 4><10-12 2)(10-10 bl0-1O 4)(10-11 4icl0-1O 2)(10-6 U1
OQ

Nickel
Inhalation 3)(10-11 3><10-11 . 9lCI0-12 4)(10-12 6)(10-J2 2lClo-J2 9)(10-11 6)(10-11 3)(10-11 2lCI0-10 lxIa"'..................................~.....................................................................";...............................................................................................................;.....................................................................:....................

PAHs
,

Inhalation 9)(10-9 6lCI0-9 2lC10-9 IlCI0" 2lCI0". 5lCl0-JO 3)(10-8 . bl0-8 5)(10-9 6lC10-8 2)(10-7

Ingestion of soil 1~10-14 1lC1'0-14 5lCl0-15 3lCl0-15 2lCI0-15 2lC10-15 4lCI0-14 4lCI0-J4 1lCI0-14 8lCl0-J4 2lCI0-5.......................................................................~...................................................................................................................................................-......................................................................................
PCBs

Ingestion of sOU 3lCl0-11 5)(10-11 2)(10'11 9lCl0-12 5)(10-12 7lC10·12 5lCl0-11 2)(10-10 9)(10-11 7)(10-11 7lCl0-6
: .................................: ............................................................................................................................................... ;..-...........................................................~.......................................................; ........

• • .........•
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TABLE F.t9 (COl'lL)

Estimated Carcinogenic Ri~k for the Various Receptors-
Contaminant!
Exposure Route· A 8 C 0 E F G H I J K

NitroGromiJtic
compollrlds

2,4-DNT
2)(10-14 1)(10.14 1)(10-13 41<10-13 1)(10-13Ingestion of soil 6)(10-14 6)(10-14 3x10·14 1)(10-14 "" 9)(10.14 NA

2,6-DNT
5)(10-13Ingestion of soil 7)(10.14 7)(10-14 3)(10-14 2)(10-14 bllT14 bl0-14 1xl0-13 1)(10-13 1)(10.13 NA

TNT
Ingestion of soil 8)(io·14 9)(10-lt 4)(10-14 3)(10~14 helO-14 blO·1• lx10·13 "6x10-13 2)(10.13 1xllTl3 3)(10-8

---------------------------------------------------------------------------------------------------------------
Total risk 9)(10-9 6)(10-9 2)(10.9 3)(10.9 2~10-9 5)(10-10 3x10-8 bl0-8 5)(10-9 " "6)(10-8 8)(10-5

- Listed are only those contaminants and exposure routes for which an EPA slope factor is available. The EPA slope factors used to estimate
the risks are given in Tables 4.4 and 4.5 of the BA (DOE 1992a).

b NA indicates that the pathway and/or contaminant is not applicable for that"receptor.
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TABLE F.20 (ConL)

.,'
Hazard Quotient for the Various Receptors'

Contaminant/
Exposure Routeb A C 0 E F G H J K

Mdtlls (cont.)

Manganese
Inhalation 41<10-5 3)(10-5 lKJO-S 6)(10-6 1)(10-5 3/(]O-6 1)(10" 6)(10-s 3)(Urs 2)(1~ 1
Ingestion of soil 3)(10-8 . 3/(10,8 2><]0~8 . 9)(10-9 bl0" 6)(10-9 9)(10-8 7/(10-8 2)(10-8 he10-' 8)(10-2 .

Mercury
1)(10-9 . . 3)(10-9 7/(10-10 2)(10-8 3)()0-8 3><10-8Inhalation 9)(10-9 . 1)(10-8 3)(10-9 1)(10-8 2)(10-4

Ingestion of soil 2)(10-9 2)(10'9 1)(10-9 5><10-10 Siel0-1O 4)(10-10 4><10-9 6><10-9 2)(10-9 5dO-9 4><10-3 .

Molybdenum
In'gestion of llOil 3)(10-8 3)(10-8 2><10-8 8)(10-9 9)(10-9 6ldO-9 8><10" 8x]0-8 3)(10-8 1><10-' 7/(]O-2

.",
Nickel ~-

Ingestion of soil 6)(10-9 6)(10:9 3)(10-9 2dO-9 21<10-9 he10-' 21<10" 2)(10-8 6)(10-9 31<10" 2)(10-2

Selenium
Ingestion of soil 1)(10-9 2)(10-9 9)(10-10 4)(10-10 51<10-10 31<10-10 . 4)(10"9 5><10-9 2)(10-9 6)(10"9 1)(10-2

Silver
Ingestion of soil 7)(10-10 7><10-10 4)(10-10 2)(10-10 2)(10-10 lIdO-1O 3)(10-9 2)(10-9' 6)(Ur10 . 3)(10-9 2)(10-3

Thallium
Ingestion of soil 4)(10" 4><10-8 3xl0-' ))(10-8 11<10-8 9)(10-9 1)(10-' 11<10-' . 5><10-8 . 1)(10-' 6x10-1

Uranium
Ingestion of soil . 2x)0-' 2)(10-' 1x10-' 6)(10-8 6)(10-8 . 4)(10-8 5x10-' 5)(10-' 2><10-7 7x]0-' 5ll)0-1

Vanadium
Ingestion of soil 4)(10-8 4)(10-.' 3)(10-8 he1er8 1xl0-8 . he10-8 lxl0-1 he10-' 7><10-8 2ll)0-' 7)(10-2

Zinc
Ingestion of soil 2)(10-9 2x10-9 8)(10-10 4)(10-10 6~10~10 3lC10-1O 7)(10-9 4)(10-9 1xl0-' 9)(10-9 6)(10-3

.......................................................................................................................................................................................................................................;............................._...........................................



TABLE F.20 (Cont.)

'Hazard QUotient for the V~riou~ Receptors·
Contaminantl

Exposure Routeb A B C 0 E F G H J K

Inorganic amOrtS

Fluoride
Ingestion of soil 4lCI0-10 ,4)(10-10 2)(10-10 1)(10-10 bl0-1O 8lC10-11 bl0-9 IdO-9 3dO-1O 2)(10-9 1)(10-3

Nitrate
Ingestion of soil 1)(10-9 i)(10-9 9)(10-10 4)(10~10 4)(10-10 3)(10-10 2)(10-9 4)(10-9 2)(10-9 2)(10-9 9)(10-4

Nitrite
Ingestion of sail 2)(10-10 2)(io-1O 1)(10-10 6)(10-11 6lClO-11 SdO-ll 3)(10-10 6)(10-10 4)(10-10 ' 4)(10-10 8)(10-5

........................................................................................................................~.....................•.........~........................................................ ~.........................................................................: ..........~..........
PAUs

Ingestion of soli
•••: ~ ~ ~ ! •••••••••••••

PCBs

Ingestion of soil bl0-' 1~10-6
.....................................~ u .

Nltroaromatlc
compormds

ONB
Ingestion ·of soil 7)(10;8 7)(10-& . 3)(10-8 2)(10-& 3)(10-& 1x10-& 3)(10-7 2)(10-7 . SlC1o-& 4)(10-' 2)(10-2

2.4-0NT
Ingestion of soli 3)(10-9 ' 3)(10-9 2)(10-9 7)(10-10 1x10-9 7)(10-10 6)(10-9 1)(10" 6)(10-9 4)(10-9 NA

2.6-0NT
Ingestion of soil 2)(10-10 2)(10-10 1)(10-10 4)(10-11 , 6lClo-11 4)(10-11 3)(10-10 8)(10-10 3)(10-10 . 2~10-10 NA

• •
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TABLE F.20 (Cant.)

• •
Hazard Quotient for the Various Receptors'

Contaminant/
Exposure Routeb A B C 0 E F G H. J K

NUroaromrdic
compounds (cont.)

NB
Inhalation 2)(10'· 31C]0-· . 6)(]0·9 4dO-' 7)(10.9 2)(10.9 3lC10·8 J)(JO-7 .3)(10-8 3xl0-· NA
Ingestion of soil 1><10'· )1(10-· 7xl0·9 . 3xH)'" 4xl0" 3)(10-9 . 2lC10·8 S)(IO'· 2)(10'· 1l<10-8 NA

TNB
Ingestion of soil 2)(io·7 2)(10-7 1)(10-7 . 5x10-" 7)(10.8 Sx10~ 4)(10.7 9)(10.7 4)(10.7 2xl0·7 NA

TNT
Ingestion of soil 4)(10-· 4)(10.8 2)(10.8 9)(10-' . ]x]O-8 8)(10.9: 7)(]0·8 2)(10.7 7)(]0·8 5)(10-8 2)(10-2

---------------------------------------------------------------------------------------------------------.----
7'"

Hazard index 0.0003 0.0002 0.00008 0.00004 0.00009 0.00002 0.0008 0.0004 0.0002 0.001 10 0\
W

• Calculated by dividing the average daily intake over the exposure period by the chemical-specific reference dose. The individual hazard
quotients are summed to calculate the hazard index. A hazard index of less than or equal to one is considered to indicate a nonhazardous
situation; a hazard index of greater than one is considered to indicate a potential for adverse health effectS.

b Listed are only those contaminants for which an EPA inhalation and/or oral reference dose is available. The EPA reference doses used to
estimate the hazard quotients are given in Tables 4.2 and 4.3 of the SA (DOE 1992a).

C ,NA indicates that the pathway and/or contaminant is not applicable for that receptor. .



TABLE F.21 Estimated Hazard Quotients for Chemicai Exposures at Receptor Locations for Alternative 7a, Vitrification

Hazard Quotient for the Various Receptors-

Contaminant!
Exposure Rouleb A B C 0 E F G H I , I K

Metals

Antimony
lKl0-7 5KI0·8Ingestion of soil 3KI0-7 4Kl0-7 lK10·7, 9KI0·8 lK10"' bel0-6 . 3Kl0-7 . 2Klo"' ·2KI0-1 .

Arsenic
Ingestion of soil 3KIO·7 4KI0·7 2KIO·7 bl0-7 1Kl0-7 6K10-8 SKI0-7 2KI0"' 5Kl0-7 ·blo"' SKIO-1

Barium
Inhalation lK10·5 lKl0-5 4Kio·6 2Klo"' 4Klo"' S~10-7 4KIO'5 2Kio·5 . bl0-S SKIO-s 4KI0~1

Ingestion of soil lK10-8 2KI0-8 6)(10-9 3_10-9 4)(10-9 2)(10-9. 4)(10-8 5)(10-8 blo-& 7lC10-& 3)(10-2

Beryllium

5Kl0-9
.~

Ingestion of soil 7lCI0-1O bl0-9 4Kl0-1O 2lCI0·1O 2lCI0-1O IlCI0-1O 2)(10-9 3KI0-9 9)(10-10 2)(10-3
~.

Cadmium
Inhalation 3)(10-8 4lCI0-8 1)(10-8 6KI0-9 1lC10-8 2KI0·9 S)(IO·8 IlClO-7 . 4lCl0-8 1)(10:7 bl0·3
Ingestion of sOil 4)(10'9 6KI0-9 2KI0-9 2KI0·9 IlCI0~9 9)(10-10 lKl0-8 .. 3)(10-8 . 8lCI0·9 2lCI0-8 1K1O-2

Chromium DI
Inhalation 2)(10~ 2KI0~ ..6Kl0-5 ·3lCI0-5 7KI0'5 IlCI0·5 6lCI0~ 4KI0~ 2lCI0~ bl0·3 8
Ingestion of soli 7)(10-11 1)(10-10 4)(10-11 2lC]0·1I 3)(10.11 2lClO-11 3KIO-1O 3lClO-1O 8x,10-11 5lC]0-10 3KI0~

Chromium VI
Inhalation 2)(10.5 2Kl0-5 6KI0'6 3lCl0·6 8KI0"' lK10·6 7KI0-5 4Kl0-5 2lClO-5 lK10~ 9lCI0·1
Ingestion of soil 2)(10-9 2lCI0·9 91<10-10 51<10-10 6lCI0'10 3)(]0-10 6lCI0-9 8Kl0-9 . 2Kl0-9 lK10-8 7)(10-3 .

Copper
Ingestion of soil 21<10.9 31<]0-9 lKl0-9 8Kl0-1O 81<10.10 51<10-10 . SlCl0-9 IlCI0-8 3lCI0-9 2KI0-8 61<10-3

Lithium
Ingestion of soil 1)(10-9 2)(10.9 SI<IO·IO 4lCl0-10 51<]0-10 3)(]0-10 6)(10-9 6KIO-9 2lC]0·9 1"10-& 6)(10.3

• • •
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TABLE F.21 (Cont.)

Hazard Quotient lot" th~ Various Receptors-

Contaminant!
Exposure Routeb A B C 0 E F G H J K

Mttals (cont.)

Manganese
Inhalation 4)(10.5 4ICI0'S he 10.5 6)(10-6 hel0'S 3x10-6 bl0-4 7)(10.5 4)(10.5 2)(10-4 1
Ingestion of soil 3>«10-8 4..10-8 2)( 10.8 91<1l)"9 9)(10-9 5x10-9 B)(10-8 bl0·7 . 3~10·8 2)(10" 8)(10.2

Mercury
Inhalation 8)(10-' 11(10.8 3)(]O·9 21<10.9 31<10.9 61<UrJO 2)(1o-B 3)(10.8 1)(10.8 3)(Jo-B 2)(10"
Ingestion of soil 2)(10-9 2)(10.9 1x1O.9 6)(JO·1O 5>«10'10 4)(10.10 4xl0-9 . 1)(10.8 31<10.9 6)(10.9 4)(10.3

.Molybdenum
4)(10.8Ingestion of soil 2)(10-& 4xl0·8 1>«10'8 8)(10.9 8)(10.9 5)(10.9 7)(10-8 11<10" ]lel0·7 11<10-2 .,.,

Nickel •0'1
01

lngestion of soil 61<10-9 B1<10·9 31<10.9 21<10.9 2)(10-9 11<10-9 2)(10-8 3)(10.8 7)(10.9 41<10-8 2)(10'2

. Selenium
Ingestion of soil 11<10-9 21<10.9 8)(10-10 51<10.10 51<10-10 31<10-10 . 4)(10-9 8)(10.9 2)(10.9 8)(10.9 bl0·2

Silver
Ingestion of soil 71(10.10 9)(10.10 3><]0.10 2>«10.10 2)(10.10 ])(10.10 3)(10'9 3)(10.9 8>«]0·10 41<10.9 2)(]0·3

Thallium
Ingestion of soli 41<1O~8 6)(10.8 . 21<10.8 11<10-8 1)(10.8 9)(10-9 1)(10.7 2)(10.7 6)(10-8 2)(10.7 61<10.1

Uranium
Ingestion of soil 2)(10.7 3)(10.7 1x10" 7)(10-8 6)(10-8 b:]0·8 51<10" 9)(10-7 3)(10.7 9)(10-7 . 5K10·1

Vanadium
Ingestion of soil 4)(10-8 6)(10-8 . 3><]0.8 ))(10" 11<10-8· 91<10-' he10.7 21<10" 9)(10.8 2)(10" 7)(10.2

Zinc:
Ingestion of soil b1O·9 21<10.9 7)(10.10 4)(10'10 51<10.10 3K10·1O 6)(10.9 6)(10.9 1)(10.9 11<10-8 .61<10.3



Hazard QUotient for the yari0us Receptors8

TABLE F.21 (ConI.)

Contaminantl
Exposun! Routeb .

Inorgtlnlc 11,,10'"

A B c o E F G H J K

Fluoride
ingestion of soli 4JClO'10 6)(10.-' . 3)(10" 1><10-3

Nitrate
Ingestion of soil . 9><10-10 2)(10" 8)(10.10 4)(10-10 3)(10.10 . 3)(10-10 2><10-9 6><10" 3><10:' 3)(10" 91(10-4

Nitrite
Ingestion of soil hcl0-1O 3)(10'10 1)(10-10 6)(10-11 5)(10'11 4)(10'11 3)(10-10 1><10" 5)(10-10 4Ic10-1O 8)(10-S

................. , .' " ~ .
. .

PAHs

.Ingestion of soil 3,,10,13 4)(10-13 2)(10.13 9xlO-14 ]lc)0-13 6)(10-14 hc)0-12 1><10.12 4)()0-13 3)()0-12 4)()0,3·
......;........•.: , ,: : : .

PCBs

Ingestion of soil3KI0-1 1)(10"' 3x)0·1 1><10-7 bIa"' 2xl0"' lxIa"' lxta"'
............................................................................. #0 , ~ ! .

Nitroaro""Jlic
compounds

DNB
Ing~tion of soil ..6)(10-' . 8)()0-8 ,3)('10.8 2)(10-8 . 21()O-8 1)(10-8 21(10-

'
31()0-' 6)(10-8 51(10:-' 2)(1(r2 .

2,4-DNT
Ingestion of soil 4)(10" SKI0-' 2)(10'9 2)()0·' . )(10-9 8)()0-10 7)()o-' .3)(10.8 . 9)(10.9 6)(10" NA

2,6-DNT
Ingestion of soil 2xlO'10 3)(10-10 1)(]0-10 9)(10"11 . 8)()0-11 4lC)0·11 , 4K)0-10 2><10·' 5)(10-10 4)(10.10 NA

• • .'



•• • •

I Calculated by dividing the average daily intake over the exposure period by the chemical-5pecific reference dose. The individual hazard
quotients are summed to calculate the hazard index. A hazard index of less than or equal to one is considered to indicate a nonhazardous
situation; a hazard index of greater than one is considered to indicate a potential for adverse health effects.

b Listed are only those contaminants for which an EPA inhalation and/or oral reference dose is available. The EPA reference doses used to
estimate the hazard quotients are given in Tables 4.2 and 4.3 of the BA (DOE 1992a).

C NA indic.ates that the. pathway and/or coritaminant is not applicable for that receptor.
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TABLE F.22 Estimated Numbers of Occupational Fatalities, Injuries, and Related Lost
Workdays Associated with Implementation of the Final Remedial Action Alternatives

Estimated Number"

•

• All estimates are based on average rates for 1985 to 1988, calculated from annual estimates provided
by the US. Department of Labor (1988, 1990). The latest year for which results are available is 1988.
Averages are used to reduce year-to-year variations in rates. All estimates are rounded to two
significant figures.

b Based on 560 person-years of effort. Assumes an 8-hoUr workday. Long-term monitoring and
maintenance are not iriduded.

c Based on 780 person-years of effort. Assumes an 8-hour workday. Long-term monitoring and .
maintenance are not included.

d Based on 1,100 person-years of effort. Assumes an 8-hour workday. Disposal activities are assumed
to require the same effort as for Alternative 7a. Long-term monitoring and maintenance are not
included.

• Based on results for the amstroction industry. Because of the relatively small number of occupational
fatalities that occur annually in each category of the construction industry; the incidence rate for
fatalities is provided by the. Department of Labor only for the construction industry as a whole and
not for various categories. The annual average rate for the 1985-1988 period is 25.2 fatalities per
100,000 full-time workers.

.Based on results 'for heavy construction, except highways.

g Includes cases that involve days away from work, days of restricted activity, or both.

"

Category

Total number of occupa­
tional fatalitiese

Total cases of occupational
injuries' . .

Total cases of OCCupational
injuries without lost
workdays' .

Total cases of occupational
injuries with lost
workdays'''

Total lost workdays due to
occUpational injuries'"

Altemative 6ab

0.14

82

45

37

Alternative 7aC

0.20

110

63

51

. 1,100

Alternative 7bd

0.28

160

89

72

1,600

Altemative 7cd

0.28

160

89

72

1,600

•

I

I

•
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TABLE F.23 Summary of Transportation Requirements for the Final Action Alternativesa

Assumed Number One-Way
Vehicle Total of Haul

Alternative/ Ca~ty Quan~ Vehicle Distance
Material Route Vehicle (yd~ (10' 'f Trips (Ian)

Alternative 6a
Fill Off.mte to site Truck 20 1.52 16,000 .b

Fly ash Off-site to site Truck .c 136,000 tom .4,860 <40
Cement Off-Slte to site Truck _c 91,000 tom 3,250 <160
Contaminated material Off-site to site Truck 10 0.020 2,000 ~3

(lakes)
Contaminated material Off-site to site Truck 10 0.0036 360 <3

(vicinity properties)
Site to inciIleratordProcess chemicals Truck SSdNms SOOdNms 6 820

Alternative 7a
Fill Off-site to site Truck 20 1.33 67.000 .-
Contaminated material Off-site to site Truck 10 0.020 2,000 $4.3

(lakes)
Contaminated material Off-site to site Truck 10 0.0036 360 <3

(vicinity properties)
Site to inl:inentordProcess chemicals Truck . ·SSdNms SOOdrums 6 820

Alternative.7b
Fill- Off~te to. site Truck 20 0.535 27,000 _f

Contaminated material Site to Wentzville . Truck . _c 1.08xlo'tons 38,600 . 24•• Contaminated material Wentzville to Clive Railcar .8 1.08xlQ6 tons U,900 2,400
Contaminated material Off.mte to site Truck 10 '·0.020 2,000 $4.3

(lakes)
Contaminated material Off-site to site Truck 10 0.0036 360 <3

(vicinity properties)
Site to incina'awrdProcess chemicals Truck 88dNms SOOdNms 6 . 820

Alternative 1c
Fill Off-site to site Truck 20 0.535 27,000 .r
Contaminated material Site to Wentzville Truck -c . ·1.08)(10' tons 38,600 24
Contaminated material Wentzville to Hanford Railcar .8 1.08lC106 tons 12,900 3,400
Contaminated material . Off-site to site Truck 10 0.020 2,000 S4.3

.(lakes)

Contaminated material Off-site to site Truck 10 0.0036 360 <3
(vicinity properties)

Site to indneratordProcess chemicals Truck 88 drums SOOdrums 6 820

• All units as given in column headings, except as noted.

b 15% of the trips are assumed to be 2 Ian (1.2 DUl one ~y; the balance are assumed to be less than 24 Ian (15 mi) one
way.

c Weight-limited load is 28 tom; based on a totaiweight limit of 40 tons and a truck and container weight of U tom.

d To provide a representative scenario for analysis in this assessment. the incinerator is assumed to be located in Oalc
Ridge, Tennessee.

• lIO'l'o of the trips are assumed to be 2 km (1.2 ali) one way; the balance are assumed to be Ies5 than 24 km (15 mi) one
way.

f 92% of the trips are assumed to be 2 km (1.2 mi) one way; the balance are assumed to be less than 24 km (15 mi) one

• way.

I Capacity of a railcar is 84 tons; this value is b&5ed on three ~ton containers per railcar.





•
• The waste volumes listed in this table~ the total volumes of materials that might be transported oH-site for

Alternative 7b or 7c. As suCh. this table includes, additional entries beyond those given in Tables F.3 lIIld 'F.4, i.e., to
account for material in temporary storage on-site and material that might become contaminated as a result of
implementing the action altenlative. '

I> The material targeted Cor vitrification c:or6ists of quarry soil. raffinate pit sludge, and soil under the raffinate pits.

C The Ash Pond concentrations and volume include the contnbution 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.

d The U4s conCentrations for sitewide soil were used for this material.

• BlL'led on informatiOn provided in MK-Ferguson Company and Jacobs Engineering Group (1989).

f Includes soil around the chemical plant buildings, soil beneath the buildings, soil annmd pipes lIIld sewers, lIIld soil in '
the site water treatment plant area. '

g The activity concenlratiom in this material are assumed to be lO'Yo of those Cor quarry soil that is yjtrified; the material
is assumed' to be in storage at the !SA. '

h Volume of material in the mulch pile. The UL,s concentrations Cor sitewide soil were used Cor this material.

I Areas assumed to become contaminated as a result of implementing the action alternative. The ~s concentrations ior
sitewide soil were used. for this material.

Volume of contaminated soil resulting from construction of the !SA; this material is assumed to be in storage at the
MSA. The UL,s concentrations for sitewide soil were used. Cor this material. '

I< Source: DOE (19928). The average value for vicinity properties was used. An asterisk M following a value denotes a
measured value. The radiological source term analysis for chemical plant area soil (fable 2.3 of the SA) was used to
estimate, the concentrations of radionuclides not measured. .

I Based on information provided in Peterson and MacDonell (1991). Because the structures will be extensively deco~ ,
taminated prior to dismantlement. the levels of residual contamination will be very low. The radionudides are .
assumed to be present in the same activity concentration ratios as are present in soil at the chemical plant area.
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TA~LE F.2SEstimated Number of Transportation-Related Accidents and
Fatalities for the Final Remedial Action Alternatives·

.Altemativel
Material

Alternative 6a
Fill

.. Supplies
Contaminated malll!rial
Precess chemicals
Total

Alternative 7a
Fill
ConlaD'liNlted malll!rial
Process chemicals
Total

Alternative 7b
Fill
Contaminated malll!rial
Process chemicals
Contaminated malll!rial
Total

Alternative 7c
Fill
Contaminated malll!rial
Process chemicals
Contaminated mabriu
Total

Vehicle

Truck
Truck
Truck
Truck

Tiuck
Truck
Truck

Truck
Truck
Tiuck .

Railcar

Truck
Truck
Truck
Railcar

Total Distance
Traveled­

.(10' vehid.kIn)

1.14
1.'3..
0.02
0.01

0.86
0.02
0.01

0.20
... 1.87

0.01 .
61.9

0.20
1.87

.0.01
87.7

Nwilberof Nwnberof
Acddems Fatalities

2.3b OJ12J/'
2.8b O.025b

O.Mb O.OOCI3b
O.OOOc 0.(JOO2C
5.1. 0.046

1.~ o.01sb
O.Mb O.OOCI3b
O.oooc O.OOO2c
1.7 0.016

03~ O.OOOb.
2.Sd 0.024d

O,OOOC 0~(JOO2C

3.4e 0.04d
63 0.067

039b O.!XJ3I'
2.sd 0.024d

0.0l:J:3C O.OOO2c

4.~ O.OS"
7.8 0.084

Ir

- Includes empty returns. Distances are bMed on number of trips and distances in Table F.23.
Vehicl.kIn means·railcar-Jan for rail transportation.

, .

b Bawd on an accident rate of 1.97 )( 10" per vehic1.kIn and a fatality rate of 1.72 )( 10-' per
vehid&-kIn for Missouri stat&-nwnbered routes for 1989 (IlroclcsInith 1991). An accident is defined
as involving ir4ury or property damage of S500 or more.

( Bawd on average statewide accident and fatality rates fOr highway c,ombination trucks fOr~
states of Illinois, Kentucky, Missouri, and Tennessee for interstate highways for the period 1986­
1988 (Saricks 1991al' weighted by the port!on of the route in these states. Accident involvement
rates are 3.53 )( 1(r , L99 )( 10'7,2.61 )( 10'7. and 2.48 Ie 10'7 per shipment-Ian. respectively.
Fatality rates are 2.38 )( 1~, L7S )( 1~, L99 )( 1~, and 2.24 )( 10'" fatalities per shipment-kin.
respectively. Acciciems were definecl·u involving injury or property damage of 54.200. 5UOO. or
54,900 or more for 1986, 1987. and 1988, respectively. .

d Bawd on a 1989 accident rate of 1.36 )( 10" per vehid&-bn &nd a fatality rate of 1.29 Ie 1~ per
vehicle-kin for U.s.-nwnbered routes in Missouri (BrocksInith 1991). An accident is c1efined as
inVolving injury or property damage of S500 or more. .

.e Bawd on an acc:icit;nt rate of 5.57)( 1~ per railcar-kin and a fatality rate of 6.5)( 10'10 per
railcar-Ian. the 1986-1988 averages for US railroads (SlIricks 1991b).

' ..
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TABLE f.26 Parameters for Analysis of Incident-Free
Transportation for Alternatives 7b and 7c

Parameter Rail Truck

Velocity in population zonesa (lem/h)
Rural 64.4 88.6
Suburban 403 403
Urban 24.1 24.1

Number of crew membersa 5 2

.Di~tance·from so~e to crewaP (m) 152 10

Stop time per kilomete~ (h/lem) 0.033 0

Nwriber of classifications/inspectionsa 2 0

Persons exposed while stoppedc 100 3

Exposure distance while stoppedC(m) 20 4

Number of persons per vehicle on transport linka 3 2

Population densitiesa (persons/W)
Rural 6 6
Suburban 719 719
Urban 3,861 3,861

· Number of shipmentsC

Vitrified material 87 6,500
Soil, sediment, debris 428. 32,100

· Number of containers per shipmentC 75 1

Transport indexc (mrem/h at 1 m)
Vitrified material 0.3 0.3
Soil, sedirrient, building debris 0.1 0.1

a RADTRAN 4 default parameters (Neuhauser and Kanipe 1991).

b· Distance adjusted to account for shielding effects of the transport
vehicle (see Neuhauser-and Kanipe 1991).

· C Values based on scenari~pecificassumptions.



TABLE F.27lmpacts &om Incident-Free Transportation ·of Radioactive Material
for Alternatives 1b and 7c •

Maximum Individual- ..

Alter- Transport Dose
native Mode Route Receptor (mrem) Risk.

7b,7c Truck Site to Wentzvilleb . Crew member 6.4 4)( 10-6

~
Waste handler 100 6)( 10-5

Member oE. the publicd 0.11 7)( 10-8

7b Rail Wentzville to Clive Crew member 13 8)( 10-6
Member oE. the publicd 0.040 2 )( 10-8

7c Rail Wentzville to Hanford Crew member 17 1 )( 10-5

Member of the publicd 0.040 2 )(10-8
------------------------------------------------------------------------------------------

Populatione

Alter- Transport Dose
nativ~ Mode .Route Receptors (person-rem) Risk

:!4>,

7b,7c Truck Site to Wentzvilleb Crew members 0.18 1 )( 10-4

i# Waste handlersc 1.1 7)( 10-4
Members of the publicd 0.12 7)( 10-5 •7b Rail Wentzville to Cllve Crew members 0.18 1 )( 10""
Members of the pUblicd 4.4 3 )(10-3

7c Rail Went7:Vi1h! to Hanford Crew·members 0.22 1 )( 10""
Members of the pUblicd 5.8 3 )( 1o-J

- The doses and health effects to the crew member and waste handler are annual values and are for
shipment of the vitrified material; the corresponding values averaged over the entire shipment .
campaign are lower by about a factor of two. The doses and health effects to a member of the public
are Jor the entire shipment campaign. I

b Includes the impacts as&OCiated with transporting contaminated material from the vicinity properties
to the cheinical plant area.

C The handler was assumed to operate a translift at the Wentzville siding and transfer 33 containers per
day from trucks to railcars.

d Members of the public include all persons living in the vicinity of transport routes, persons sharing
transport routes, and persons at stops along transport routes.

• The collective population dOle and health risk were determined for the entire shipment campaign;
annual values can be calculated by dividing the collective risk by the duration of the shipment
campaign (in years).
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TABLE F.28 Inventory of Radionudides in Each
Container for Assessment of Maximally Exposed
Individ~al and Population Accident Risk

Container Inventory (mCi)

Radionuclide

Actinium-227
Lead;2lO
ProtactiniUm-231
Radium-226
Radi~m-228
Thoriwri-230
Thorium-232
Uranium-235
Uranium-238

Maximally Exposed
Individuala

0.2
3.0
03
3.0
0.5
5.2
0.5
03
6.9

Populationb

0.03
03
0.05
0.2
0.1
0.2
0.1
0.06
1.4

•

•

a A "worst-ease" analysis that assumes the highest possible
concentrations of radionu~lidespresent .in the waste.

b ~ clnalysis of the average risk for the entire slUprnent
camPaign that assumes waste containing concentrations
of radionuclides averaged over all materials transported.
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TABLE F.29 Radiological Impacts from Accidents Involving Trans­
portation of Radioactive Material for Alternatives 7b and 7c

Maximum Individuala

Altema- Transport Dose
ave Mode Route (mrem) Risk

7b,1c Trod Site to Wentzville 0.64 4)( 10.7

7b Rail Wentzville to Clive 48 3)( 10.5

1c Rail Wentzville to Hanford 48 3 )( l<rs. ' '--------------------------------------------------------------------
Popuiationb

Altema- Transport DOse
ave Mode Route· (person-rem) Risk

1b,1c Trod Site to Wentzville 0.0030 2 )( 10"'
1b Rail Wentzville to Clive 028 2 )( 10-4
1c Rail Wentzville to Hanford 0.41 2 )( 10-4

a The maximum dose and incremental risk to an individual assuming that an
accident has oc:currecl. The maximally exposed individual was assumed to'
reside 100 m from the accident site and consume only locally grown food
tor 1 year. Dose rePresents committed effective dose equivalent and
includes contributions from inhalation,. external gamma irradiation, and
ingestion of contaminated food.

b The population dose and health risk are determined by multiplying the
collective dose to the population following an accident by the probability of
an accident occurring over the entire shipment campaign.

e.

1
I
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TABLE F.30 Summary Comparison of Potential Health Impacts Associated with. the Final Remedial
Action Alternatives

.,

Estimated Health Eflect

Receptor Alternative 6a Alternative 7a Alternative 7b Alternative 7c

General public in the .vlcinlty of the Weldon Spring site
Maximally exposed individual

6 lC 10-1 7 lC 10-7Radiological risk 7 lC 10.7 7 lC 10-1

Chemical'carcinogenic risk 3 lC lo-s 3 lC10:s 3 lC 10·s 3lClo-&
Chemical hazard index 0.0008 0.0008 0.0008 0.0008

Collective carcinogenic risk·
3 lC 10.3Within 5 km of the site . 3 lC 10.3 3 lC 10-3 3 lC 10-3

Within 80 km of the site 2 lC 10-2 2 lC 10-2 2 lC 10-2 2 lC 10-2

Remedial action workers
Maximally exposed indlvldualb

Radiological risk 1 lC 10.3 1 lC 10-3 1 lC 10-3 1 Ie 10-3 0;,

8 lC 10-5 8 lC 10.5 8 lC 10-5 8 lC 10-5
.

Chemical carcinogenic risk ""Chemical hazard index 10 10 10 10
Collective carcinogenic risk· 9 lC 10-2 2 Ie ]0.1 2 lC 10-1 2 lC 10-1

Persons along transport routes and transp'ortation workers·
Member of the general public

7 )( 10-8, 7 lC 10-8Maximally exposed individual NAc NA
Collective carcinogenic risk NA NA 3 lC 10-3 3 lC 10.3

Transportation worker
Maxfmally exposed individual . NA NA 2 lC 10-4 2 )( 10'"
Collective carcinogenic risk NA NA 9 )( 10-4 .9 lC 10'"

Remedial action workers and transportation workers
Occupational fatalities 0.14· 0.20 0.28 0.28
Occupational injuries 82 110 160 160

• Analysis was limited to radiological health impacts (see text). '

b Health effect for a remedial action worker who participates in the project for the entire 7-year cleanup period.

C NA indicates that the entry Is not applicable.



F-78

F.9 REFERENCES
". . ~ .

ACGIH: see American Conference of Governmental Industrial Hygienists.

American Conference of Governmental Industrial Hygienists, 1990, 1990-1991 Threshold Limit
Values Jar Chemical Substances and PhysicalAgents and Biological Erposure Indices, Cincinnati, ohio.

, Ava, H.I., B.M. Biwer, and D.L Bll.U\t, 1992, Off-Site Population RJuliological Dose and Risk
-Assessment for Potential Airborne Emissions from the Weldon Spring Site, ANL/EAls/TM-78,
,Argonne National Laboratory, En:virom:nental Assessment and Information Sciences Division,
Argonne, m., Oct.

Brocksmith, J., 1991, personal commW1.ication from' J. Brocksmith (Missouri ~ghway and
Transportation Department, Jefferson City) to M.J. Davis (Argonne National Laboratory,
Argonne, m.), July. . .

Chen, S.Y., y.c, Yuan, andJ.~ Peterson, 1981, Estimation ofRadiological Impactfrom Transportation
ofUranium Mill Tailings - Part I: External RJldiation Exposure, Proceedings of the 4th Symposium

l,;'on UraniUm Mill Tailings Management, Fort Collins, Colo., Oct. 25-26.

DOE: see U.s. Department of Energy.
..(".. ,

,EPA: see U.S. Environmental Protection Agency.

. ICRP: see International Commissio~on Radiological Protection.

International Commission on Radiological Protection, 1981, LimitsJar Inhalation ofRadon Daughters
, by Workers, Adopted March 1981, ICRP Publication 32, Annals of the ICRP, 6(1).

Ml<-Ferguson Company and Jacobs Engineering Group, 1989, ClwraderiZJltion of Chemicid. and
RJuliologiCilI Contaminatiim inl.Jlke and Stream Sediments on Properties Surrounding the Weldon Spring

. Site,OOE/OR/21~60, Rev. 0, prepared for U.S. Department of Energy, Oak Ridge Operations
Office, Weldon Spring Site Remedial Action Project, Weldon Spring, Mo., Aug.

"

~. MK-Ferguson Company and Jacobs Engineering Group, 1992, Engineering Analysis of RemediJlI
;' Action Alternatives, Plulse II,OOE/OR/21548-2?O, Rev. 0, prepared for U.S. Department ofEnergy,

Oak Ridge Field Office, Weldon Spring Site Remedial Action Project, Weldon Spring, Mo., Nov.

. Napier, B.A., et aI., 1988, GENII - The HanJard Enmronme7ttaIRJuliation and Dosimetry Software
, System, PNL~, vols. 1-3, Pacific Northwest Laboratory, Richland, Wash.

•

•

National Council on Radiation Protection and Measurements, 1987a, Exposure of the Population
in the United StQtes tind Canada from NaturalB¢ground Radiation, NCRP Report No. 94, Bethesda, •
Md., Dec. 30.



•

•

•

F-79

National Co~cil on Radiatj.on Protection and Measurements, 1987b, Recommendations on Umits
for Exposure to 'Ionizing Radilltion, NCRP Report No. 91, Bethesda, Md., June 1.

, . .

·National Institute for.Occupatioilal Safety and Health, 1990, NIOSH Pocket Guide to Chemical
Hazards,DHHS {NIOSH} ':Publication No. 90-117, US. Department of Health and Human
Services, Public Health Service, Washington, D.C., June.

. . .

National R,esearch Council, 1988, HeJl1th Risks of Radon and Other Internally Deposited Aipha­
Emitters, BEIR IV Report, _report of the' Committee on the Biological Effects of Ionizing
Radiations, National Academy Press, Washington, O.c.

· NCRP: see National Council on Radiation Protection and Measurements.
· . - . ..

Neuhauser, KS., and F.L Kanipe, 1991, RADTRAN 4 User Guide~ Draft, SAND89-2370, Sandia
National Laboratories, Alb~querque, N.M. '

NIOSH: see National Institute for Occupational Safety and Health

Peterson, B.E., 1984, INTERLINE - A Railroad Routing Model: Program Description and User's
Milnual, ORNL/TM-8944, Oak Ridge National Laboratory, OakRidge, Tenn. -

Peterson, J.M.,~dM.M. ~Donell, 1991, Engineering EvaluationltOst Analysisfor the Milnagement
afContaminated Structures ;a~ the Weldon Spring Chemical Plant, OOE/OR/21s4s-159, prepared(by
Argonne NationalLabo~tpry,Environmental Assessment aJ:\d Information sdencesDivisim:t,
Argonne, m., for US. Dep¥tment of Energy, Oak Ridge Operations Office, WellionSpring Site

·Remedial Action Project, St.. Charles, Mo., May..
. .

Saricks, c., 1991a, persorui,l communication from C. Saricks (Argonne National Laboratory,
Argonne, Dl.) to M.J. Davis (Argonne National Laboratory, Argonne, m.), July.

Saricks; c., 1991b;perso~ comm~cation from C. Saricks (Argonne. National Laboratory,
. Argonne, ill.) to F. Monett¢ (Argonne National Lab~ratory,Argonne, ill.), July.

Schaum, J., 1991, memo~dum.from J. Schaum (Chief, Exposure Assessment Methods Branch~

Office of Research and Dev'~lopment,US.En~onmental Protection Agency, Washington, D.C.)
to C. Sonich-Mullin (AqingChief, Chemical Mixtures Assessment Branch, Office of Research and
Development, U.S. Envir9rUnental Protection Agency, Washington; D.C.), Oct. 24.

us. Department of Energy, 1987, Draft EnuironmemalImpact Statement, RemediJlI Action at the
Weldon Spring Site~ OOE/EIS~1170, Office of Remedial~ction,andWaste Technology, Feb.

U.S. Department of Energy, 1989, Remedial Investigations for Quarry Bulk Wastes, OOE/OR/21548­
066, prepared by 'MK-Ferguson Company and Jacobs Engineering Group, St. Charles, Mo., for
u.s. Department of Energy, Oak Ridge Operations Office, Weldon Spring Site Remedial Action'
Project, Dec.' .



u.s. Deparbnent of Energy, 1990, Feasibility Studyfar Management ofthe Bulk Wastes at the Weldon
Spring Quarry,' Weldon Spring, Missouri, poE/OR/21548-104, prepared,'by Argonne National
Laboratory, Environmental Assessment and Information Scie*es Division, Argonne, ill., for

,,U.s., DepartDlent of Energy, <>ak Ridge Operations Office,: Weldon Spring Site Remedial Action
, Project, St. Charles, Mo., ,Feb. ";, , " '

, ' ,

U.s. Department of Energy, 1992a,BaSeline ASsessment far' the ChemiclllPla'nt Area of the Weldon
Spring Site, OOE/OR/21~1,' prepared by Argonne National Laboratory, Environmental

:Assessment and Information Sciences Division, Argonne, m., for U.S. Deparbnent of Energy, Oak
~Ridge Field Office, Weldon Spring Site Remedial Action Project, St. Charles, Mo., Nov. ' '

, U.S. Department of Energy,l992b, Remedial InvestigationJor the Chemial/Plant Area of the Weldon '
Spring Site, DOE/OR/21548-074,Rev. 0, VolS. I~n, prepared by MI<-Ferguson ~ompany and
Jacobs Engineering Group; WeldonSpring, Mo., for U.S. Department of Energy, Oak Ridge Field
Office, Weldon Spring Site Reme~ Action Project, St. awle~" Mo., Nov. '

U.S. Department of Labor,J988, OCcUpational Injuries and lllnesses in the United States byJndustTy, ,
1986, Bureau of Labor Statistics Bulletin 2308, May.

. ~ I •

'. U.S. Department of Labor, 1990, OccUpational Injuries'and lllneSses in the United'5tates by Industry;
1988, Bureau of Labor Statistics Bulletin 2366, Aug. ' ','

,U.S. Environlnexltal, Protection Agency, 1986; 'Superfund Public Health' Evaluation Manual,
EPA/540/1~6/060, OSWER Directive 9285.4-1, Office of Emergency and Remedial Response,

" Wammgton, D.C., Oct. ' " , ','

U.S. Environmental Protection AgenCy, 1988a, Compilation ofAir Pollutant Emission FadOT~, Vol. 1:,
Stationary Point and Area Sources, AP-42, Office ,of Air Quality' Planning and Standards, ,
Washington, D.t., Sept. ' , ",

u.s. Environmental Protection Agency, 1988b, Superfund ExpOSure Assessment Manual, EPA/540/
1~8/001~OSWER Directive 9285.5-1; Of(ice of Emergency and Remedial Response, Washington,
D.C,April. '

U.S~ Envir~ental Protection Agency, 1989a, Risk Assessment Guidance for Superfund, Volume I,
Human Health Evaluation'Miznillll (Part A), Interim Final, EPA/54{}/1:-89/002, Office of Emergency,
and Remedial, Response, WashingtOJ:l. D;C., Dec.

, U.s. Environm~t3lProtection AgenCy, 1989b, Risk Assessment Methodology, EnTJironmental Impact
Statement jorNESHAPS RIltIionudides, Volume I, BadCground InJorination Document, EPA/52Ofl~9­
005" Office of Radiation Programs, Washington, D.C., Sept ' '

.'
i,
j

,I

't
'II



F-81

e u.s. Environmental Protecnon Agency, 1989c, Air/Superfund National Technical Guidance Study
Series, Volume III - Estimation of Air Emissions from Qeanup Activities at Superfund Sites,
EPA/450/1-89/003, Interim Final, Office of Air Quality Planning and Standards, Research
Triangle Park, N.C., Jan.

US. Environmental Protection Agency, 1989d, ErpDSure Factors Handbook, EPA/600/8-89~,
Office of Health and Environmental Assessment, Washington, D.C., July.

U.s. Environmental Protection Agency, 1991a, Human Health EvalWltion MJlnWlI, Supplemental
.GuidJlnce:"Standard Default Exposure Fadors," memorandum from-To Fields, Jr. (Acting Director,
Office of Emergency and Remedial Response), and B. Diamond (Office of Waste ProgramS ­
Enforcement) to Director, Various Divisions~ Regions I through IX, OSWER Directive 9285.6-03,
Office of Solid Waste and Emergency Response, Washington, D.C., March 25.. .

U.s. Environmental Protection Agency, 1991b, Risk Assessment Guidancefor Superfund: Volume 1­
Human Health EvalWltiDnManWll (Part C, Risk Evaluation of Remedial Alternatives), Interim,
EPA/540/R-92~,Office of ResearCh and Development,-Washington, D.C., Dec.

e·

e

U.S. Environmental Protection Agency, 1992, User's GuidejorCAP88-PC, VersiDnl.0,402-~92';()()1,
prepared by Office of Radiation Programs, Las Vegas, Nev., for U.S. Dep~ent of Energy,
March. --



F·82.·

;

'. •. I

·1
!

.:



•

•

•

G-l

APPENDIX G:

REGULATORY REQUIREMENTS POTENTIALLY APPLICABLE OR
RELEVANT AND APPROPRIATE TO THE REMEDIAL AcrION



'.

:'..
. -'r

•.'~

. , G-2

•
J

I
1

'.



•

•

G-3

APPENDIX G:

REGULATORY REQUIREMENTS POTENTIALLY APPLICABLE OR
RELEV~:AND APPROPRIATE TO THE REMEDIAL ACTION

G.l INTRODUCTION

The U.S. Environmental Protection Agency (EPA) has promulgated implementing
regulations for the Comprehensive Environmental ResponSe, Compensation, and Liability Act
(CERCLA), as amended; these regulations are presented in the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) (EPA 1990). This plan identifies the remedial
action process to be follow~d for sites on the National Priorities Ust (NPL), such as the Weldon
Spring site. Included in the plan is a discussion of how regulatory _requirements are to be
addressed in evaluating alternatives for cleaning up a contaminated site and implementing the
selected remedy.

_ The NCP specifies that the evaluation of alternativesfor remedial action at an. NPL site
is to include an assessment of whether they will attain "applicable or relevant and appropriate
requirements," -referred to as ARARs; these requirements consist of federal and state_
environmental laws and state facility siting laws [Section 300.430(e)(9)(iii)(B». To be eligible for
selection as the remedy fo~ an NPL site, an alternative musta~ ARARs ~ess a waiver is
appropriate [Section 3OO.430(f)(1)(i)(A)J. - Other advisories, criteria, or guidance developed by
EPA, other federal agencies; or states that might be useful for developing the remedy for an t'JPL
site can also be considered' as part of the alternatives evaluation [Section 3OO.400(g)(3»). These­
other measures are termed "to be considered" C?r TBC requireInents.

Thus, potential requirements that are assessed as part of the evaluation of remedial
action alternatives for an NPL site can be grouped into two general categories: ARARs and
TBCs. The NCP indicates that the first category consists of standards promulgated in public
laws codified at the federal or state level that might be applicable or relevant and appropriate
to all or part of the action. Only those state laws may be considered ARARs that -are .
(1) promulgated such that they are of general applicability and legally enforceable, (2) identified
by -the state in a timely manner, and (3) more stringent than federal requirements
[Section 3OO.400(g)(4)J. The seco~d category, TBCs, consists of standards or guidelines that have
been published but not promulgated - such as U.S. Department of Energy (DOE) Orders or
roles proposed by a state or federal gc:>vernment - that might be pertinent to the action being
considered.

-In addressing a requirement that may affect a remedial action being considered for
a site, a determination is made regarding its relationship to (1) the location of the action, (2) the
contaminants involved, and (3) the specific components of the action such as factors unique to
a certain teChnology. Any regulation, standard, requirement, criterion, or limitation under any
federal or state environmental law or state facility siting law may be either applicable or relerJant
and appropriate to a remedial action, but not both. _ -

)
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Applicable requirements are those that specifically address the circumstances at the site,
.whereas relevant and appropriate requirements ate those that address circumstances sufficiently
,~similar that~they are well--suited to the. site. That is, apotentlal ARAR. is applicable if· its

prerequisites or regulated conditions are specifically met by the conditions of the action being
evaluated - considering whether the requirement applies to a hazardous component, location,
activity, or other circumstance of that remedial action. For example, certain contaminants are
'present in waste at the Weldon Spring site 'at levels that exceed those identified in tests for
,characteristic hazardo1,1S waste. 'This contaminant type is specifically regulated by certain

.' e-req\.rlrements listed in the Solid Waste Disposal Act, as amended by the Resource Conservation
'and Recovery Act (RCRA) and the Hazardous and Solid Waste Amendments; parallel require- .
.. ments are identified in the Missouri Hazardous Waste Management Law and Regulations. If it
were further determined that the activity being proposed for that waste was also specifically
regulated by the given requirement -; such as treatment or sto@ge - the requirement could be
considered applicable to that activity for that waste. . .

If the conditions of a requirement are not legally,applicable to the remedial action at a
site, then a determination .must be made as to whether the requirement is both relevant tmd

:~t.approp~te. For this determination, the requirement must be considered sufficiently. similar to
\~the circumstances of the actionand~it must also be 'well-suited to the site. This s~tyis
'" determined using best professional judgment, considering several factors identified by EPA in
.. the NCP [section 3OO.400(g)(2»). These ·factors include (1) the purpose of the ,requirement and
... the purpose of the remedial action; (2) the medium, substance, action, type of place, and type
. and size of facility iegulatedor affected by the requirement relative to that affected at the site;
, and (3) the use or potential use ofaffected resources relative to the use of such resources at the
site. The pertinence of these factors often depends on whether the requirement addresses a

:":' chemical, location, or action.
I

•
.. ,

••
In accordance with EPA guidance on ARARs, only applicable requirements are

evaluated for off-site actions, whereas both applicable and relevant and appropriate requirements
.are evaluated for on-site actions. On-site actions must comply with 'a requirement that is
determined to be relevant and appropriate to the same extent as one that is determined to be
applicable. However, a determination of relevance and appropriat~nessmay be applied to only

.. portions of a requirement, whereas a determination of applicability is made for the requirement
, as a whole. On-site acti~ must comply With substantive requirements of ARARs but not with
'-related administrative andprocedural requirements. For example, remedial actions conducted
, on;.site would not require a penhit but would be conducted in a manner consistent with the
'permitted conditions.

To simplify the discussions in the documents for the current remedial action at the
-Weldon Spring site, the term "on-site" has been used to refer to the property located within the

I 'fence of the chemical plant area and the term "off-site" to refer to contaminated locations outside
the fence. The formal definition of the term "site" in the context of this remedial action includes
the chemical plant area, related soil vicinity properties, and other areas contaminated by the •
migration of a hazardous substance, pollutant, or contaminant from any of the properties under
the custody and accoun~bilityof DOE. The application of specific environmental regulations
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to activities being considered for off-site facilities, such as treatment of liquid waste at an off-site
incinerator or disposal of waste at the Envirocare or Hanford site, would be addressed by the
respective owners!operators in the environmental compliance documents and activities for those
facilities.

Potential TBC requirements are typically considered only if no promulgated require­
ments exist that are either applicable or relevant and appropriate. Thus, TBC requirements may
be considered secondary to ARARs; in fact, certain of the~ requirements (e.g., DOE Orders) are
often developed on the basis of promulgated standards and can necessitate the same degree of
compliance as ARARs. Because the Weldon Spring site is a DOE facility, applicable DOE Orders
will be followed irrespective of their 'TBC" designation under the ARARs process. Potential
ARARs and TBC requirements for the final alternatives being considered for the current remedial
action at the Weldon Spring site are identified and evaluated in section G.2.·

After the remedial ·action alternatives have been evaluated and public comments have
been received on the environmental documents prepared for a given cleanup action proposed
for an NPL site, a remed~ is selected and documented in the record of decision for that action.
This reCord of decision includes a discUssion of ARARs, and those requirements identified in the
record as applicable or relevant and appropriate for the selected action are to })e met upon its
completion and also during the course of the remedial design and remedial action period, unless
the conditions of appropriate waivers are met [Section 3OO.43S(b)(2) of the NCP].

In the NCP, EPA identifies six circumstances under which an alternative for remedial
action maybe selected without meeting an ARAR [5ection300.430(f)(l)(ii)(C)]. These are: ...

1. The alternative is an interim measure and will become part of a total
remedial action: that will attain the requirement;

2. Compliance with the requirementwill result in greater risk to human health
and the environment than other alternatives;

3. Compliance with the requirement is technically impracticable from· an
engineering perspective;

4. The alternative will attain a standard of performance that is equivalent to
that required under the otherwise applicable standard, requireinent, or
limitation through use of another m~thod or approach;

5. With respect to a state requirement, the state has not consistently applied,
or demonstrated the intention to consistently apply, the promulgated
requirement in similar circumstances at other remedial actions within the
state; or

6. For Fund-financed response actions only, an alternative that attains the
ARAR will not provide a balance between the need for protection of human
health and the environment at the site and the availability of Fund monies
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to respond to other sites that may present a threat to human health and the
enVironment. (The Weldon Spring sit~ is not being cleaned up with
Superfund money, so this last waiver condition does not apply to the
project.)

Each of the final action alternatives being consideredfor the Weldon Spring site would
,attain ARARs during the cleanup period and upon completion unless one of these Waiver
conditions was met. The first waiv~r condition could apply to certain activities that would be

. conducted during site cleanup. For example" waste handling activities' such as loading quarry
-- material from the temporary storage area for transport to a treatment facility might increase
radon concentrations at the fence une adjacent to that area fOf limited periods, to levels that
exceed the standard given in the MisSouri Radiation Regulations. However, this standard would
be met upon completion of those activities and also upon completion of the remedial action as
a whole. In addition, the. requirement' specifically applies to areas at which public access is
uncontrolled, andit is likely that the increase would occur at the boundary that abuts the Anny
.property to the west, to which access is controlled. Similarly, the fourth waiver condition could
apply to physical systems such as a newly constructed facility for which an engineered.

, -~ equivalent was determined to be appropriate for achieving the performance measure indicated
~; in a given requirement. The few waivers being considered for the final action alternatives at the
~ Weldon Spring site are ,discussed in Section 7.1.2 and in the respective sections fo~ each
'. alternative in Chapter 6. A more detailed discussion of ARARs will be presented in the record
': of decision for this action.

C.2 PRELIMINARY EVALUATION OF REQUIREMENTS

Requirem~tsof federal and state laws that might be considered applicable or relevan.t
-, and appropriate to the proposed remedial action at the chemical plant area of the Weldon Spring

site are listed in Table G.1 (location-specific requirements), Table G.2 (contaminant-specific
requirements), and Table q.3 (action-specific requirements); potential TBC requirements are also

-included in the tables. In addition, the tables include certain requirements that are part of an
employee protection law or some other non-environmental law with which CERCLA actions

, must comply, andwhich are therefore not subject to the ARAR evaluation process for attainment
or waiver; these requirements have simply been in,cluded to identify those standards with which

1: the remedial action would comply to ensure overall protectiveness, ·e.g., for workers.
. ..

Many requirements could have been listed in more than one table, but they are shown
in only one to limit redundancy. For example, standards for radon emissions could have been
presented with both contaminant-specific and action-specific requirements; they are listed with
the ~rmer. Similarly, siting criteria for hazardous waste facilities could have been presented
with both location-specific and action-specific requirements; they are listed with the latter. .

The preliminary ARAR and TBC determinations for these requirements are also
indicated on the tables.' Because this appendix presents a comprehensive list of requirements
with considerable overlap of regulated conditions, all determinations have been identified as
"potentially" applicable, relevant and appropriate, or to be considered. These detenninations will

•

•
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be finalized in consultation with the state of Missouri and EPA Region vn prior to implementing
the selected remedial action. During the finalization process, the requirements identified as .

. potentially applicable will be reviewed to confirm direct applicability; only one requirement will
be finalized from among those that regulate the same conditions. For those identified as poten­
tially relevant and appropriate and TBC requirements, the specific portion(s) of the requirements
that have bearing on the action,. and the manner in which compliance would be achieved, will
be finalized. After the finalization process, certain of the requirements will remain potentially
an ARAR or a TBC requirement as the cleanup action proceeds, pending identification of the
existence of the prerequisites or regulated conditions, such as the presence of cultural resources
or threatened or endangered species in the affected areas.

A decision for surface water at the site is beyond the scope of the current remedial
action because it was previously addressed as part of an interim action. TItat is, the engineering
evaluation/cost analysis report for contaminated surface water at the site included consideration
of water in existing impoundments as well as water that would be generated and collected as
part of the remedial action currently being evaluated (MacDonell et al. 1990). Therefore, related
ARARs and TBCs have been previously' determined and, in general, are not repeated in this '
table. With regard to off-site surface water in the Busch Wildlife AIea lakes, the water will be
drained within the next few years under a separate action by the Missouri Department. of
ConServation as part of the routine sedimentation management program for lakes in the wildlife
area. This water is not used as a drinking water supply, so related ARA.R.S and'TBCs do not
apply; water quality standards developed for protection of human health (e.g., from fish
consumption) are not exceeded by contaminants directly attributed to the site. Those standards
developed for ecological reCeptors are discussed ·in Chapter 7 of the baseline asSessment (BA)
for the chemical plant area (DOE 1992a.).

Similarly, a decision for groundwater is beyond the scope of the current remedial action;
it is being addresSed as a future operable unit of the site's comprehensive cleanup. Therefore,
related ARARs and TBCs are not included in the follOWing tables; they will be identified and
evaluated in the remedial investigation/feasibility study (RI/FS) for the groundwater operable
unit that will be prepared within the next several years. However, a limited discussion of
pertinent groundwater standards is presented in Appendix B of the BA (DOE 1992a.) to provide
a basis for comparison with current information on groundwater contamination at the site.

Although the final ARAR determinations will be documented in the forthcoming record
of decision for the current remedial action, determinations have been proposed for key
requirements on the basis of the preliminary analyses in Tables G.l through G.3. These
determinations are presented in Chapter 6 (in the ARARs subsection for each alternative) and
Chapter 7 (Section 7.1.2) of this FS and also in the proposed plan (DOE 1992b).



TABLE G.l Potentilll Loclltion-Specific Requfrementsa

Citation

Antiquities Act; Historic Sites Act
(16 USC 431-433; 16 USC 461-467) .

National Hisloric Preservation Act.
as amended (16 USC 470 et seq.;
36 CFR 800)

Executive Order 11593 (protection
and Enhancement of the Cultural'
Environment)

Archeological and Historic
Preservation Act (16 USC 469;
PL 93-291;88 Slat. 174)

Archeological Resources Protection
Act 116 USC 470(a))

•

Location

Land

Land

Land

Land

land

ReqUirement

Cultural resources on federa1land, such as
historic buildings and sites and natural
landmarks, should be preserved and adverse
Impacts avoided.

The effect of any federalJyassJsted under­
taking should be taken Into account for any
district,s/ie, building, structure, or objeCt
Included in or eligt'ble for the National ·Regisltr
01 Historic Placn.

federal agendes should Inventory historic
properties on ·thelr lands and nominate
eligt'ble properties to the National Regisltr.

Data recovery and preservation activities
should be conducted U prehistoric, historical,
and archaeological datamJght be destroyed as
a result of a federal, federally assisted, or
federally licensed activity or program.

A pennlt should be obtained from the federal.
land manager for excavation or removal of
any archaeological resources on federal lands.

•

PreuDunary
-Determination

Potentially
applicable

Potentially
applicable'

Potentially
applicable·

Potentially
applicable

Potentially
applicable

RemarkS

No adverse Impacts to such resources are
expected to result from the remedial aCtion;
hOwever, If these resources were affected, .
the requirement would be applicable.

No adverse Impacts to such properties are .
expected 10 resull from the reinedial action;

. however, If these resOurces weri affecled,. .
the requlrement would be applicable.

No Impacts to such resources are expected to .
. resuil from the remedial action. The sile .

has been considerably dJstwbed by pasl
human activities and Is therefore not expec­
ted 10 contain such resources. .However, if
these resources were affected, e.g., al the
potential off-site borrow area, the requJre.;
mentS would be applicable. .

No destruction of such data Is expected to
result from the remedial action. The site has
been considerably disturbed by past human
activities and Is therefore nol.expected to
conlaln any such data. However, if .these
data were affected. e.g., at the potential off­
sile borrow area, the requirement would be
applicable.

No Impacts to archaeological resources are
expected to resu1l.from the remedial action.
The sile has been considerably disturbed by
pasl hwnan activities and Is therefore not
expected 10 contain such resources. How­
ever, If these resources were affected, e.g., at
the potential off-site borrow area, the
requlremenl would be applicable.

-_._._--- --_.
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TABLE G.t (Cont.)

PreUminary
Citation Location Requiriimeni Determination Remarks

Endangered Species Act, as Any Federal agendes should ensure that any. PotentlaUy No aitical habitat has been Identified In the
amended 116 USC 1531·1543; action authorized, funded, or carried out by applicable affected area, and no adverse impacts to
50 CFR 17.402; 40 CFR 6.302(h)1 the agency is not likely to jeopardize the threatened or endangered species are expec'

continued existence of any threatened or ted to result from the remedial action;
endangered spedes or destroy or adversely howev~, If such species were affeCted, the
modify any altical habitat. requirement would be applicable. A biologi-

cal assessment has.been prepared for the
,current remedial action to evaluate the.
potential for adverse impacts to federal
listed and proposed threatened and endan-
gered species and their habitats (Appen-
dix I). ThIs assesSment has been submitted
to offices of the U.S. Pish and Wildlife
Service.

Missouri Wildlife Code (1989) Any Endangered species, I.e., those designated PotentiaUy No altical habitat has been Identified In the
(RSMo. 252.240; 3 CSR 104.111), by the US. Department of the Interior and appUcable affected area, and no adverse impacts to C)
Endangered Species the Missouri Department of Conwrvation as threatened or endangered species are I

<.0
threatened or endangered (see 1978 Code, expected to result from the remedial action.
RSMo. 252.240), should not be pursued, taken, However, if such species weI'e affected, the
possessed, or kiUed. requirement would be applicable.

Missouri Wildlife Code (1978) Any The Missouri Department of Conservation PoteniiaUy No altical habitat has been Identified In
(RSMo. 252.240), Endangered should file with the state a list of animal applicable the affected area, and no adVe1'5e Impacts to
species Importation, transportation species designated as endangered (for subse- threatened or endangered species are expec-
or sale, when prohibited - how quent consideration of related requirements). ted to result from the remedial action.
designated - penalty However, If such species wel'e affected, the

requirement would be applicable.

Missouri Wildlife Code (1989) Any Wildlife, including their homes and eggs, PotentiaUy No wildlife would be actively taken,
(RSMo. 252.240; 3 CSR IG-4.t 10), should not be taken, molested, hunted, relevant and molested, hunted, trapped, killed, or
General Prohibition; Applications trapped, killed, or trilJl5ported except under appropriate transported as part of the remedial action.

pennitted conditions. Mitigative measures would be taken to
minimize potential environmental Impacts,
Including those to wUdlik.



TABLE G.t (Cont.)

Citation

Missouri Wildlife Code (1989)
(RSMo. 252.240; 3 CSR 10-4.115),
Special Management Areas

Fish and Wildlife Coordination Act
[14 USC 441-444; 40 CFR 4.302(a))

Location

Any

Stream or
other Water
body or
affecting
area

.'

Requirement

Wildlife should not be taken, pursued, or
,molested on any state or federal wildlife
refuge or any wild1lle management area,
except under permitted ccinditions.

Adequate protection of Rsh and w11d1lle
resources is required when any federal '

, department or agency proposes or authOr­
Izes any modiRcation (e_g., diversion or
channeling) of any stream or other water
~y or any modlllcation,of artias,affectin'g
illy stream or other water body:

PreUminary
Determination

Potentially
relevant and
appropriate

Not an ARAR

Remarks

No wild1lle would be actively taken,
pursued, or molested In any wild1lle areas
as part of the remedial action. Mitigative
measures would be taken to minimize poten­
tial environmentallmpacts, Including those '
to wildlife.

No modiRcation of streams or stream areas
Is planned as part of the current remedial
action.

Missouri Wildlife Code (1978) Stream
(RSMo.252.210; 3 CSR 10-4.110),
General Prohibition; Contamination
of streams

It is unlawful to pUt any deleterious
substances Into waters olthe state In
quantities suffident to injure fish,
except under precautionary measures
approved by the state.

Not an ARAR No such discharge 15 planned as pail of the
current remedial action. ' G1....

0;:)

Aoodplaln Management [ExecUtive
Order 11988; 40 CFR 6.302(b))

'.---,.,.,."..--

floodplain Federal ageodes should avoid, to the
maximum extent possible, any advene
impacts associated with direct and indirect
development of a floodplain.

•

Potentially
applicable

This requirement would be applicable to the
remedial action for the smaU portlonof the
Schote Creek floodplain In the Ash Pond
draiN'ge at the northern portion of the site
and an adjacent vicinity property extending
a shortdlstance off-site. Mitigative measures
would be,taken to minimize any .dverse
impacts, and the areas would be restored to
original conditions upon completion 'of the
remedial, action. A floodplain assessment
has been prepared for this action (presented
together with the wetland assessment In
Appendix H).

'_._--,-_.•
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Citation

Governor's El(ecutive Order 82-19

Clean Water Act (33 USC 1251­
1376); Disposal Sites, Speciflcatioll!!
(40 CFR 230), Dredged or Fill
Material Discharges (Section 4lH
Program); Definitions, Exempt
Activities Not Requiring Permits
(40 CFR 232); State Program
Regulations (40 CFR 233); General
Regulatory Polldes (33 CFR 320);
Nationwide Permits (3J CFR 330)

Protection of WeUands (Executive
Order )]990; 40 CFR 6.302(a)1

Location

Floodplain

Wetland

Wetland

•
Requirement

Potential effects of actions taken In a
floodplain should be evaluated to avoid
adverse impacts. .

Dredge or liD material Is not to be dis­
charged into a wetland (as defined by the
U.S. Army Corps of Engineers) without a
permit. .

Federal agencies' should avoid, to the extent
possible, any adverse Impacts associated
with the destruction or loss of wetlands and
the support of new construction In wetlands
if a practicable alternative exists.

Preliminary
Determination

PotentiaUy
applicable

PotentiaUy
applicablel
not an ARAR

PotentiaUy
applicable

Remarks

This requirement would be applicable to the
remedial action for the small portion of the
Schote Creek floodplain In the Ash Pond
drainage at the northern portion of the site
and an adjacent v.lcinlty property extending
a short distance off-site. Mitigative measures
would be taken to minimize any adverse
Impacts, and'the areas would be restored to
original conditions upon completion of the
.remedial action.

This requirement would be applicable to the
off-site borrow area If the location selected
contained any wetlands (as does the repre­
sentative borrow area currently being
eValuated) or If the borrow activities could
Indirectly Impact wetlands. Par the on-slte
wetlands, the US. Army Corps of Engineers
has determined that no permit Is required
for related activltfes beause the wetlands
are within the boundaries of an NPL site
and are therefore exempt from this admlnis­
tratlve requirement.

The requirement would be applicable to the
management of sludge and sediment remain­
ing in the on-site Impoundments that have
been dassified as wetlands. (Surface water

. has been addressed Wlder an earlier action.)
As previously determined, no practicable
alternative exists for these areas but to
remove and treat the contaminated material.
If wetlands are present or could be Impacted
by activities In the off-slte borrow area
selected for this action, this requirement
would also be applicable at that area.
Mitigative measures such as wetland .
replacement are being coordinated with the
state of Missouri. A wetland assessment has
been prepared for this action (presented
together with the floodplain assessment In
AppendiX H). .

•
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• Pote~tial hdUty siting fequlrements are Identified in Table G.3 with the action-specillc ARARs for fadllty construction.

TABLE G.t (Cont.)

Cltalion

Fannland Protection Policy Act
(7 USC 4201 et seq.) farmland
Protection 17 CFR 658; 40 CFR
6.302(c)l

••

Location

Farmland
(prime, .
unique, or
of state and
local lmpor-.
tance)

Requirement

Pederal agendes should take stepS to ensUre
that federal actions do not cause US. fUm­
land to be irreversibly converted to nonagri­
cultural uses in cases in which other national .
interests do not override the impcirtance of
the prolection of farmland or otherwise out·
Weigh the beneJ!ts of maintaining farmland
resources. Criteria developed by the
U.S. Soil ConserVation Servlceai'e to be used
to identify and take into account the adverse
effectS of federal programs on farmland pre­
~atlon. Federal agendes shOuld consider
attemative actions that could lessen adverse
effects and should ensure that programs are
compatible with state and local government
and private programs and polides to protect
farmland.

•

Preliminary
'Determination

PotentiaUy
applicable

Remarks

This requirement would be applicable for
some on-site areas and the potential soil
borrow area off-site. ·On-site areas have
been disturbed and contaminated by past
activities, and the site would~ restored
foUowing cleanup to support other uses
(such as farmland) to the extent practicable,
within the constraints of the.ftnaI sfte
decision. MItigative measures and restO­
ration activities would I1so be conducted at
the off-site borrow area, as appropriate, to
minimize any a~verse impacts to farmland.

•
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TABLE G.2 Potential Contaminant-Specific Requirements

• •
Chalion

Heahh and Environmenlal
Proleclion Standards for
Uranium and Thorium Mill
TaJlings (f() CFR 192),
Subpln D, Standard. ror
ManagelJlenl of Uranium
Byproduct Malerials Pur·
suant 10 SectJon 84 of the
Alomic Energy Act of 1954,
as amended; Subparl Eo
Standard. for Managemenl of
Thorium Byproduct Materials
Pursuant 10 Section 84 of
the Alomic Energy Act of
1954, as amended

Radiation Protection of the
Public and the Envi ronmenl
(OOE Order S4OO.5)

Mbsourl Radialion Regula.
lions; Proloction Again"
Ionizing Radialion (19 CSR
20-10.0.01, Maximum Permls­
.ible Exposure Limit.

Radiation Prolection of the
Public and the Environmenl
(ooE Order 5400.5)

Contamlnanl

Radlalion

Radlalion

Radialion

Radlalion

Medium

Any

Any

Any

Any

R8julremenl

PrOC1!55ing operations during and prior 10 the end of the
closure period al a facilily II\llnaging uranium and thorium
by-product malerial••hould be conducted In a manner thaI
provid... reaIDnable auurance thaI the annual dOle equiva- .
lenl does nol eJ<ceed 2S mrem to the whole body, i'5 mrem
10 the thyroid, and 2S ovem 10 any olher organ of any
member of the public as a reauh of eJ<polIures to the planned
discharge of radioactive malerlal 10 the general environment
(eJ<chiding radon-222, radon-nO, arid.their decay product.).

The basic dOle IImll (or rionoccupatlonally exposed
individuals I. 100 mrem/yr above background, effective.
·dOle equlvalenl. AlID, all radiation expoaur", .hould be
reduced 10 levels as low as reasonably achievable.

Por person. oullide a conlrolled are", Ihe D\lIlllmum permi..
.ible whole-body dose due 10 sources In or migrating from
the controlled area .sllmlted to 2 mrem In any t hour,
0.1 rem In any 7 consecutive days, and 05 rem In any
I year. (Note: a controlled area Is an area that requlrt!ll
control of access, occupancy, and working conditions (or
radiation protection purpcxsee; 05 rem = SOO mrem.)

The concentrations of radlonuclldl!ll In liquid Willes dis­
charged to natural waterWaY' should be reduced 10 levels
ensuring that the absorbed dciae 10 native aquallc animal
organism. does nOl eJ<ceed 1 radld.

PreUminary
Determination

Potentially
relevanl and

.approprjale

To be considered

Polentially
applicable

To be considered

These requirements would not be appli·
cable because the rl!llledial action does nol
constirule a proce&Slng operalion. nor doeS
II Include a planned discharge of radio­
active material 10 lhe environment Never·
thell!&&, lhe requir"ments could be consid·
ered relevanl·and approprlale to protection
of Ihe public during Implementation of the
action because Ihe wasle type and the
potential release tAue could be Considered
.ufficiently similar..

Although nol promulgated sWldards,
these requlremen.. are derived &001 such
.Iandards and constllule requirements for
protection of Ihe public with which the
action would comply.

These requirements would be applicable to
protection o( Ihe public during impl"m"n­
tation of the action.

Although not a promulgated &Iandard, Ihls
requlremenl provides protection (or
aquatic organi.ma fromllquld dlscharg",
with which Ihe remedial action would
comply.

C)
I...
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TABLE G.2 (Cont.)

Glallon

Radialion Protectlonror
Occupational Workers
(OOE Order 5480.11)

CDntaminant

Radlallon

Medium

Any

Requirement

The errectlve dose equivalent received by any IIIl!mber or the
public entering a controlled uea Is limited to 100 mremlyr.
limiting values for the ¥seised dose rrom exposure or
workers to radiation are as follows:

Preliminary
Delermination

To be con.idered

R.emarka

Although not promulgated slandard~,

these constitute requirements for pro­
lectiori rrom radiation exposures In a
controlled area with which the rernedial
action would comply..

Radiation I!lrect

Stochasllc effects

Non5lochastk efrects
Lens or eye

Organ, extremity.
or tI.S8ue Indudlng
.kin 01 whole body

. 'Unborn child, entire
gestation period

Annual
Dose Equivalent

(rem)

5"

15

50

05

•

" Annual effective dose equivalent.

These values represent maximum limits; It Is DOl! policy to
maintain radialion exposures as rar below these limits M I.
reasonably achievable.

•
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TABLE G.2 (Cont.)

Cilation

Occupational Sarety and
Health Administrallon
Standards; Occupalional
Health and Environmental
Control (29 CFR 1910;
1910.96~ Subpart G,
lonizins Radiation

Contaminant

Radiation

Medium

Any

•
Requirement

The dOll! per calendar quarter resultin's (rom exposure to
radiation In a restricted erea Rom sources In that area ·Is
limited to the (oJlowin8:

Doee
Part or Body (rem)

Whole body, head and trunk, 1"
active blood-(ormJII8 orsans,
lens or eye, or sonads

Handl and forearml, reet 18~

and ankles

Skin or whole body rn

The occupational exposure of an Individual younger than 18
II restricted to 10% or thee Iimi"; the whole-body dose 10 a
worker may not exceed 3 rem In a calendar quarter and,
when added to the cumulative occupational dOll!, should
not exceed S(N-18) rem, where N II the a8e o( the exposed
IndlViduaJ.

Preliminary
Determination

Not an ARAR

Remarb

Thl!lll! requirements are part o( an
employee protection law (rather than an
environmenrallaw) with which CERCLA .
reponl!! actiont thould COQIply. There­
fore, these requlremenlll are not tubject to
the ARAR evaluation proceu ror alrain­
mmt or waiver. They are indi';'ted in ihis
table to Identify requlremen18 ror worker
protection with which the remedial action
would comply. .

•
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TABLE G.2 (Cant.)

Preliminary
Citalion Contaminant Medium lU!qulr~menl Det~rminalion ReDlar'"

National Emission Standards Radionudides Air Emissions of such radlonuclides to the ambl~nl air from PotenUaily These requirements would be applicable to
for HaZArdous Air Pollutanta other than OOE raeiliU.. ahould not result In an effective dose applicable protection of Ihe public dUrlnl implemen-
(40 CFR 61), Subpart H. radon·220 and equivalent of >10 mr~m/yr to any member of the public. talion of th~ r~laI action because the .
National Emission Standards radon-222 Weldon Spring site Is a OOE facilily.
ror Emiasiom of Radie>-
nuclides Other Than Radon
from Department or Energy
Facilities

'National Emission Standarda Radon-222 Air No source al a OOE facility ahould emit more Ihan Potentially These requiremenlll would be applicabl~ to
for Hazardous Air Pollulanls 20 pCi/m2~ of radon-222 aa an average for lhe entire applicable prolection of Ih~ public dUring Implemen.
(40 CFR 61). SUbpart Q, &Ourc~. (As for several other requlremenll. tliil entry tallon of the r~laI action because the
National Emiuion Standards cuuld also hav~ been IIsled In Tabl~ G.3 because II pertaiN Weldon Spring a'le laa OOEfscility Ihst Is
lor Radon Emissions from to specifiC actions - In this l3Sl!, S10rage and disposal.) The nol dl'llisnated forexa!ptlon as a 0111I
DiepMunent of EnerllY provllions olthil subpart apply to the design and operalion tailings facility under Ihe lIS1ed ac\.
Facilities or all storage and dispoaaJ facilities for radium-ronrainlng

material (I.e., by-productlJ\8lerlai as defined under
SectIon lte{2l or the Atomic EnerBY Act. 81 amended) that C')
are owned or operated by OOF.. except those faciliUes ,....
dl!l5lgnated under Title I of the Uranium Mill Talllnlll' "'-I
Radiation Control Act

Nalional Emisalon Standards Radon-222 Air Radon-222 emlsaions to imblenl air rrom uranium mill POlenllally The Weldon Spring alte la not a desiBnated
for Hazardoua Air Pollulanta taillnlll' pfles lhat are no longer operational Ihould nOI relevant and uranium 0111I talllnia alte, so Ihil requir...
(40 CFR 61). Subpart T, eKceed 20pG/ml... . appropriate ment would not be applicable; howeve" it
National Emllalon Standardl cuuld be cunaldered relevant and appre>-
fo, Radon EmilSionl from priate becaule lhe lite cunlalnl material
the Disf>0&81 of Uranium Mill luHidently similar to uranium mill railinss
Tailings and the potential release IlIue cuuld be

well luited io final lite conditions.

Heahh and Environmental Radon·222 Air The annual averaBe release rile or radon-222 to the attn.. Potentially The Weldon Spring site II not a deslgnaled
Prolecllon Slandardl for phere applied over Ihe emlre surface of a diaposal site ,elevam and uranium procelllnB site. 10 these requlr...
U,anium and Thorium Mill should not exceed 20 pCi/ml.., and the annual average. appropriale menll would not be appllcal>le; however.
Tailingl (40 CFR 1921. concentration of radon-222 In air at or above any location lhey could be IDl\lldered ,elevan' and
Subparl A, Standardl for the outllde the dllpoaal site Ihould nOI beIncreaaed by Glore appropriate because the site cuntains
Control 01 Residual Roodio- than 0.5 pCI/L. material lulfidently .Imllar to uranium
aClive Material from inactive mill' tailings and the potential release
Uranium Procesolng Sires ISlue cuuld be well lulted 10 final lile

cunditlona.



TABLE C.2 (Cont.)

Olatlon Contaminant MedlulII R.equlrem@nt
Preliminary

Determination llelllarb

Huhh and EnvironDlentai
l'rotl!Clion Standard. for
Uranium and ThoriulII Mill
Tailinss (40 CFR 1921.
SubPall B. Standard.
for Oeanup of Land and
Buildings Contaminated
with RaiduaJ Radioactive
Materials frolll Inactive
UraniulII PrlX_ing Sites

Radiation Protection of IJle
Public and the Environlllent
(DOE Order 5-600.5)

Exlernal gamma
r.dialion

Radon·222 decay
products

External gaIRm.
radiation

Alr The level of external pmma radlalion In any oCcupied or
habitable bulldinll .hould not exceed the background level
by more than 20 IIR/h.

Alr The annual aVelaae (or equl".lent) radon decay product
concemration, Indudlng background. In any habitable
building should not exceed 0.02 'worklng level (Wl) and.
in any case. ahould not exceed 0.03 Wl - where a Wl w.
any combJn,lIion of .hort·U"ed radon decay product. In
t liter 01 air. without regard to the degree of equilibrium,

, __ )lIat will result In the~IISIOll of 1,3 !'. tlf ~l!Y 01 alpha
energy. (Note that t Wl '" 100 pCI/L lor radon-222 in .
equilibriulII wiih Its decay product.)

Air The level of eXlernai gamma radlatlon In any occupied:or
habitable building .hould not exceed tile background level
by more tIIan· 20 "R/h.

Not an ARAR

Not an ARAR

Not a l1lC

The Weldon Spring .lte I. not a designated
uraniulII processlns aile••0 these require­
ments would not be applicable; neither
would they be reI"",nt and appropriate
because no habitable building. would be
Involved In the remedial action.

The Weldon Sprll\s"lte ., not a deslgnaled
uranluDt processing lite. 10 these requlr...
mentl would not be applicable; neither
would they be relevant and appropriate
because no habitable bUilding' would be
involved In ·the remedial action.

These would be addreaaed .. "to be
considefed" requirements beau... tltey are
not prolllulpted 'tandarda; however. tltey
~ouldnot be pertinent to the retJle!l~aJ

action because no habitable building.
would be Involved.

C"J
. I....
00

••

Radon·222

Railon·222 and
radon·nO

Radon·222 decay
producll

Air

Air

AIr

Releases of radon-222 frolll residual radloaetl"e mamlal
dl&posal aites .hould not exceed 'an annual average release
rate 0120 pCI/m2.. or Increase the annual average
railon·222 concentlalion 'at or Ibove any locatlon oUlllde the
boundary 01 tile contaminated area by more than 0.5 pOlL.

.The abov...background roncenll'alion of radon-222 In air
above an Interim .torage facilitY .hould not eJ<Ceed
100 pCl/L at any point, an annual a"eraae 01 30 pOlL over
the .111'. or an annual averalli! of 3 pClI L at or above any
location olitside tile .lte. The derived concentration guide
for Immeraloil in alr In an uncontrolled area for botll
radon·nO.and radon-222 II 3 pCl/L (See a1ao tile
dilCUulcin for DOE Order 5820.2A in Table G.3.)

The annual average (or equl"alent) radon decay product
concentralion, Indud'ng background. In any habitable
bulldlnll .hould not exceed 0.02 Wl and. In any case. should
nol exceed 0.03 WL

•

To be con.ldered

To be con.idered

Not a T1IC

Although nol promulpted 'Iandarda.
tIIese con.titute requirements for
protection of the public with which
Ille remedial action would comply.

Although not promulgaled .tandards•
tIIese con.titule requirements for
protl!Clion of the public with which
tile remedial action would comply.

These would be addressed as "to be
considered" requirements because tltey
are not promulpted standard.; however.
they would not be pertinent to the
remedlalaetlon because no habitable
bulldinaa would be Involved.
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TABLE G.2 (Cont.)

a ...ion

Radiation ProtecUon· of the
Public and the Environment
(DOE Ordel S4OO.5)

Contamlnanl

Speeiric
ladionudid..
(see "ble)

Medium

Air

•
Requirement

Residual concentladons or radlonuclides In air In uncon­
trolled areas are liollted to the following:

[)"rIved COlla!fIlrallon Guides'
(pCl/mL)

ISOtope D ·w y

Actlnfum-227 2 .. 10'tS 7 .. 10·lS III litH
lc!ad-210 9 1I 10-1] .b

Prolaetinium-23\ 9 1I litIS 1 .. lltlt

Rad/um-226 III 10-U

Radlum-228 3 .. 10'U

Radon·222 3 .. Ilt9

ThorluOl-230 4 .. 10-lt S .. 10-14

Thorium-232 7 .. 10·IS 1 .. 10.14

Ulanlum-235 S .. IltU 2 .. 10-u 1 .. Ilt13
Uranlum-238 5 .. 10-U 2 .. 10'U I 1I 10.13

, D. W, and Y represent lung retention clas&es; removal
half-limet assigned to the compounds In daMeS 0, W. and
Yare O.s. SO, and SOD days, resPectively. Exposure condi­
tion' assume an inhalation rate of 8,400 m' or air per year
(based on an exposure over 24 hours per day, 365 days
per year).

b A hyphen mean. no limit has been eslablished.

For known inhtlUres 0( radlonudld... the .um of the ratl~

0( the observed concentration or each'radlonucllde to ill
corresponding limit .hould not e.ceect 1.0.

Preliminary
Determination

To be consider@d Although not promulgated ..andards.
thl!5e col\lutute requiremenll for
protection of lhe public with which
the rern@dial action would comply.

•



The concentrations above natural background of radl~
nuclides in air outside a controlled area. averaBed over
any calendar quarter, .hould not exceed the following
limits:

Concentration Limit
IIlO/mL)'

TABLE G.2 (Cont.)

Citalion

MiS60uri Radiation Regula­
tion.; !'rolection Apinll
lonizins Radialion (19 CSR
20-10.040). Maximum Permis-
sible EXp06ure Limits .

Contaminant

Specific
radioilucllds
(lee table)

Medllim

Air

Isotope

- Actlnlum-227··
Lead·210
Prolaetlnlum-231
Radlum-226
Radium-228
Radon-222
Thorium-230

. Thorlum-232 .
Uranium-235
Uranium-238

Requirement

Soluble

8 .urlt- .
4 • 10.12

4 • 10-14

1 • 10.12 .
2. 10-12
1 • 10.9

8 • 10-1t

7. 10.14

2. 10-11

3.10.12

I·'

Insoluble

9 • 10-13...
8 • 10-12 .
4.10-12

6. 10-9
1 • 10.12

NA" .
3. 10.13
4 • 10.13

4.10-12 .
5.10.12

Prellmhuuy
Determination

Patennally
applicable

Itelnarb

These requirements would be applicable 10

protection of the public durinS implemen,
lanon of the remedial aetl.on. A waiver
coUld be pertinent for the radon-222 limit
durin, the cleanup periodbecause of
quarry bulle waste aCllvltlel al Ihe tempO­
rary llor. area (TSA). Thl. (aclllty i.
close to the fence_~nethatleJlaratesthe
.lte (rom Ihe adlao!llt Army property. at
whldlloc:atlon a .horl-term exceedlnee
might occur dUring Implementadon. The
waiver wauId be appropriate because of
the Intermediate nature of the action,
whldl.would.be part.afan overall. action
that would allain compliance upon
completion.

" Not applicable because radon-222 Is a ps.

•
. .

•



•
TABLE G.2 (Cont.)

Citation

Occupallonal Salrry and
Health "dminl5l1atlon
Slandards; Occupational

. Health and Environmenlal
Control (29 CFR 1910;
1910.961 Subpart G,
Ionizing Radialion

Contaminant

Specific
rad ionudldea
(5ee table)

Medium

llir

•
Requirement

OcrupalJonal ellJlO5ure 10 airbOrne radioactive malerla!
5hould not exceed the rellewing concentrallonl, averaged
over a 40-hour work week 01 seven consecutive dayl:

Concentral/on Liinlt
II'Cl/mL)

Preliminary
Determination

. Not an "RAR

~marka

These requlremenll are part of an
employee protection law (rather than an
environmental law) with which CERCLA
response actiON Ihould comply; hence,
they are not IUbject to the ARAR process.
They are Indicated In thll table-Io identify
requlremenll for worker proleCtion wilh
whidl the reD1edlal action would comply.

•

llOlOpe

Actinlurn-221
Lead-210
Prolactlnlum-Dl
Radium-226
Radium-228
Radon-222"
Thorlum-230
Thorlum-232
Uranium-235
Uranium-238

Soluble

2. 10.12
1 • 10.10

1 • IIr12
3. 10.11

7. 10-11

3.10-8
2. 10-12

3 • 10-11

5.10.10

7. 10-"

IRIOlubie

3 • 10-11
. 2. 10-10

1 " 10-10

5 • 10-11

4 •.10-11

NAb..'
1 • 10.11

3.10.11
I. 10.10

1 • 10-10

.. LImit Is appropriate lor radon-222 mmbined
with Its short-lived deaty prodUCII and may
be replaced by 1/3 WL; the limit In restricted
areu may be based on an annual average.

b Not applicable beatuR radon-222 II a pl.

I'or mixtures 01 radlonudldes, the lum 01 the ratios of the
quantily presenl to lhe lpedflc limit Ihould not exceed 1.
For uranium, chemical IOxldty may be the IImlllng factor
for IOluble mixtures of uranium In air; If the percent by
weighl of uranlum-23S I. Iesl than S. the concentration limit
for tOlal uranium 1.0.2 mg/mJ Inhaled air. for houn 01
exposure 1_ than or greiner than 40, the llmill are
proportionately Increased or decreased, relpectlvely.



TABLE G.2 (Coni.)

Glatlon

Radiation Protection ror
Occupational Workel'l
(DOE Order 5480,11)

Contaminant

Specific
radlonuclldes

. (see Iable)

Medium

Air

Requirement

Occupatlonal eXpoIIure to litborne radioaCtIve material
should not exceed the following concentrations on an annual
average:

Derived Air Concentrallona

(\1G/mL)

Isotope D W Y

Actlnlum·227 2" 10.13 7" 10-13 2" 10-12

Lead-210 1 " 10-
10 _b. o • ,.

Prolactinlum-231 7" 10-13 2 .. 10.12

Radium-226 3 .. 10-10

Radlum-228 5 .. 10-10

Radon-222' 3" 10"
Thorlum-230 3" 10-12 1 .. 10-12

Thorium-232 5 .. 10-13 1 .. 10.12

Uranium-23S 6 .. 10-10 '3 .. '10.10 2 " 10·1\
Uranium-238 6 .. 10.10 3... 10.10 2 .. 10·1\

a D, W, and Y represent lung retentlon 'c1_; removal.
hal r'llmes all61ll"ed to the compounda In claues D. W.
and Y are 0.5, SO, and SOD days, respectively. I!xposure
condldons all6ume an Inhalatlon rale of 2.400 1I13 or air
per year (based on an eXpoIIure over 40 houl'l per week,
SO weeks per year). .

b A hyphen meana no limit haa been ealabllahed.

, The value ror radon-222 a"urnes 100% equlllbrlulII with
ila shorl·lived decay products; this value lIIay be
replaced by 1/3 WL.

Prellmlnaty
Determination

Nota TBC

Remarb

These would be ·to be considered· requlr~
menta becauae they are not promulgated;
however, they addreaa employee protte- .
tion (rather than envlronmenlal protection)
with which CERCLA response actions
ahould comply, and eo they are not aubject
to'the ARAR proceu. They are'indicated
in thl, table 10 identify requlrem:enlll ror
worker protection With which the remedial
action would comply.

• • •
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TABLE G.2 (Cont.)

Citalion

.Mi"ouri Radiation Regula­
tioni; Protection Againit
Ionizing Radiallon (19 CSR
20-10.040). MaximumPermis­
sible Exposure Limits

COnlamlnanl

Specific radio­
nudidesl_
tableI

Medium

Air'

•
Requirement

Occupational exposure to airborne radioaetlve material•
averaged over any calendar quaner, should not exceoid Ihe
Ioll0winglimilS:

COncenlradon limit
(IiC//mLI

Preliminary ,
Determination

NOlan ARAR

•
These requlmnenll are parI of an
employee proleetlon law (rather than an
envlrontnel\tallaw) with which CERCLA
response .ctiOM should comply; hence.
they are nol aubject 10 Ihe ARAR procesa.
They are IndiaLed In this llible 10 identiry
requlremenll for worker prolection wilh
whldllhe remedial action would comply.

ISOlope

ACllnlum-227
Lead-210
Protacdnlum-231
Radium-226
RadiiJm-228
Radon-222
Thorlum-230
Thorlum-232
Uranlum-23S
Uranlum-238

Soluble

2 .. 10-12

1 .. 10-10

1 .. 10-\2
3 .. 10-n
7 .. 10-11

3 .. 10-1
2 .. 10-\2
2 .. 10-12
5 .. )0'10

7 .. 10-11

Insoluble

3 .. 10-11

2 .. 10-10

1 .. 10-10

2 .. 10-7
4 .. 10-11

·NA'
t .. 10-11

1 .. 10-11

1 .. 1(r10 .
1 .. 10-10

, Not applicable because radon-222 Is a gas.

Limits apply 10 occupadonal exposure In a controlled area
and are based on a work week or 40 hOUri; ror longer work
weeks. the values DlUSI be adjusled downward.



Umlt"
Parameler' (mg/m') CDndllion

Aluminum 15 For total dUll. as aluminum
metal; limit ror r..plrable

--0

--dual and for -Welding-fum..
(determined from breathing-
zone air samples) is 5 mg/m3;
limit for aoluble saltl II
2mg/m3.

Antimony 0.5 . Antimony and compounds. as
antimony.

Arsenic 0.01 Inorganic compound., as
arsenic.

Barium 0.5 Soluble compoundl, as
barium.

Beryllium 0.002 Beryllium and compounda, as
beryllium.

Cadmium 0.005 All cadmium COmpoundl,
Including dust and Nm...

CarbOn 40 The ceiling Is 229 m8lm3.
(Measured In ppm, the limit II
35 and the ceiling II 200.)

Chromium N dlromlum metal; limit for
chromium 11 and III com-
poundl, .1 chromium, 11.. ' ,.,
0.5Iilg/m3.. . .. -.

Copper Por duill lI/Id mlllI, al
cOpper; limit for rume, as
COpper.'1 0.1 mg/m3.

• •"..... "_ .. -_._.- -

TABLE G.2 (Cont.)

CHalion

Occupational Safety and
Health Administration
Standards (29 CFR 1910;
1910.10(0), Subpart Z. Toxic
and Haardous Subilanc.. -

CDntamlnant

Specirlc organic
and inorganic
lubilances

Medium

Air

. ~ '.

Requirement

Permisaible ocropatlonal eXpelIure limits forvarioul airborne
lubslances have recently been reviled 10~ following final
rule limits; the)' may be achieved by any reaaonable combi­
nation of en-glneering controls. work pracdces. and penonaJ
protective eqUipment -

Preliminary
Determinalion

NOIan ARAR

Remarks

These requlremenll are part of an
employee protecllon law (rather than an
environmental law) with which CERClA .

. response actlonl lhould comply; hence.
they are not lubject to the AllAR procesa.
They are Indicated In th1l table to identify
requlremeRlI for worker protection with
whldlthe remedial Betion would comply.

.,~.

•
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TABLE C.2 (ConL)

Cilalion

(Cont.)

Contaminant Medium

•
Ro!qulrl!01enl

Preliminary
Determination

•
Uml~

Parameter" (mg/m~

F1uorldet 2.5

Iron to

Lead O.~

Lithium 0.025

Mansanese

Aa nuorlne.

Por liOn oxide fume (In pplR),
.. ihe Ihort-Iefm (IS-lRlnule)
limit

Por metallic lead IIld Inor­
ganic compounds, as lead.

UthluD\ al IlthlulR hydride.

For fume, u manpnear;
the limit for ahort''''fD1
(1S-mlnute) exposure II
3 ms/O13, and the celllns for
manSariear cOmpoundl as
manganese. 115 mS/lll

Mercury

.Molybdenum

Nickel

Selenium

Silver

0.05

5

0.1

, 0.2

O.Ot

Mercury vapor. al mercury.

For Ioluble compounds, u
molybdenum; IImlta for
Insoluble compound. are
10 ms/m3 for total dUlt and
5 mg/mJ for the retplrable
hae:tJon.

For soluble compounds. II
nlcltel; limit for metallic nlcltel
and Insoluble comrund.. al
nickel. II 1 018/01 .

Por sel!llium compound.. as .
,ael~jum.

JloI" metal and .oluble
compoundI, u anver.



TABLE G.2 (Cont.)

alation

(Can!.)

Contaminant Medium

Parameter'

Thallium

R.equlmrienl
"

Uinlr"
(01s/m') Condilion

0,1 Por muble C'Ompounda, _

thallium"

Preltmlnary
Determination Remar'"

Uranium

Vanadium

Zinc

0.05

0.05

10

Par muble compoundl, _

uranium; limit for Insoluble
compoUndl, _ uranium, II

0.2 mS/013, WIth a Ihorl-Ierm
(15-1111nute) exposure Umil of
0.6mS/013; - . . .,. --'

Respirable dUIt, as vanadium
oxide (V20s~

Par zinc oxide dUll (total);
limll for respirable dUll II
5 ms/m3; limllfor zinc oxide'

, fume II 5 mg/mJ, and the
Ihort-lI!rm (IS-minute) .
eXJlOIure limit II 10 O1s/m3.

•

Particulates:

Total dUlt 15
Respirable

fraction 5

Weldlns Nmei 5

DNB

2,t·DNT 1.5

Par partlculales not olherWlse
resu1ated (I,e., nuisance dUll).

N total partiCulates, deter­
mined from breathins-zone
alr samples.

For all ONB Ilomen.'

Por tolal ONT; Isomer
unlpeclfled.'

• •
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TABLE G.2 (Cont.)

Chatlon

(ConI.)

Contaminant . Medium

•
Ilequlremmt

Preliminary
Determination

•
Limit"

Parameler" (mg/m'l

2,6-DNT 1.5

NB 5

lNB 0.5

1NT 0.5

PAHsd 0.2

Condition

Por total DNT; 150mer
unapedfied.<

See Coolnole c.

See Coolno'" c.

See Cootno'" c. .

Por coal tar pitch volaliles,
measured as the benzen~

501uble (raction 01 total
parllculale matter.

PC&" 0.5 Por chlorodlphenyl (54'"
chlorine).'

• Notallon: DNB, dlnltrobenzene; l,4-DNT, 2A-dlnllro­
IOluene; 2,6-DNT, 2,6-dinilrotoluene; NB, nitrobenzene;
lNB, blnllr~nzene;TNT, lrlnltrotoluene; PAHs,
polycyclic aromallc hydrocarbon.; PC&. polychlorinated
biphenyls.

. b Permissible expolure limit (PEL) expreased • the S-hour
time-weighted averase, except as noted. The PEL listed
(or cadmium was recently finaliied, and the 5tandard
takes ellea December 14, t992.

, Skin absorption to be reduced (e.I., with protective
clothing) 10 limit overall exposure via the cutaneous
rOUle (airborne or dlrea contact)..

d 8enz(aJanthrllCft\e, benzo(a)pyrene, benzo(b)nuor­
anthene, benzo(k)nuoranthene, chrysene, and
Indeno(t,2,3-cdlpyrene.

" Arodor 1248, 12~ and 1260.



TABLE G.2 (Conl.)

Citation ContAlJ\lnant Medium' Rl!qulrement
Pr@lImlnary

Det@rmination RelNr...

ConcentralJona ar@ limited a. IMnUned below. Primary
slaridards addreu protection of public health. and lecondary
Itandard. addreu protection of public w@lfa~. Where
available. secondary lIandardl are th@ tam@ as the primary
Ilandardi. except as noted.

aean Air Act. as lIDlended
(42 USC 7401-76t2); NalJonal
Primary and Secondary
Ambi@nt Air Quality
Standards (40 CFR SO).
Subchapter C - Air

Pr°8rams

Particulate
matter, lead.
carbon IJlOIl­

oxide. sulfur
dioxide, nllro­
8en dioxide.
ozone

Air

Contaminant Coneentratlon

Partlculale SO \181m3

matter SiD \1m' ,

In diameter 150 \181m3

,(PM-IO)

.Condllion

Annual arithmetic m@8n.

24·hour average concen­
tration.

NotanARAR TIu!se requlr_1I would not be ARAR.
because Ihey do not apply directly to
source-'ped/ie _wions; lath@1. th@y
ar@ nalional IImltationa on ambient con­
centration•. However. th~ would be
addressed In controlling @Q\lasionl of
thel@ contAlJ\lnants that could result
from Impl@rrw!ntatlon of the rl!Dledtal
Betlon.

Lead

Carbon
, monoxide

Sulfur
dioxide

Nitrogen
dioxide

10 m8/m3

l00\l8/~ .

Arithmetic mean
averaged over a
calendar quarter.

8-hour average not to
be exceeded more
than once per year
(primary Itandard):

I-hour average not to
be nceeded more
than 'once per year
(primary lIandard).

Annual arithmetic mean
(primary lIandard).

24-hour average not to
be exceeded inore
than ance per year
(primary lIandard).

3-.hour av@ra8@ not to
be @xceeded more
than once per year
(Iecondary ltandard).

Annual arlthml!tlc mean.

••
Ozone I-houf 'av@ra8e not to be

@xceeded more than
on@ day per year.

• •
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TABlEG.2 (ConL)

Citation

Missouri Air Coniervatlon
Law; Public Health and
Welfare (RSMo. Title t2,.
~3.055~ Commission may
adopt rules for compliance
with federal law - IUlpen­
lion, reinstatement

MiS60url Air Qualily Stan­
dards; Air QUality Siandardl,
Odinitions, Samplins and
Reference Methods, and Air
Pollution Control Resulations
for the State of Missouri
(to CSR IO~.OtO), Amblenl
Air Quality

Contaminant

Any resulated
under federal
OeanAlr Act

Parllculate
matter (PM-tal,
lead, carbon
monoxide, lul(ur
dioxide, nitro­
sen dioxide,
ozone, hydrogen
luifide, lulfuric
acid

Medium

Air

Air

•
Requirement

Standard. and suidellnl!l proatulgated 10 ensure that
Mi..ouri is in compliance with the Clean Air Act are not
10 be any sll'icter than those required under that aCI
(see related discussion of 40 CPR SOl.

Concenlraiioni are lio1lted· at Identified for the National
Primary and Secondary Ambient Air Quality Standards (see
earlier entry in this lable), plus as identified below:

Conlamlnant Concentration . Condition

Hydrogen 70 IIS/m' O.>hour average not 10
sulfide be exceeded more

than 2 times per

4211S/m3
year.

O.S-hour average not to
be exceeded more
than 2 dOles In any
5 consecutive days.

Sulfuric add to IIS/m' 24-hour average not 10
be exceeded more
than once In any

30 IIS/m'
90 consecutive daya.

l-hour average not to
be exceeded more
than once In any
2 consecutive days.

These state regulationa add~. the SI. Loul. metropolitan·
areJl, which indudes the geosraphlc area of SI. Charles
County.

Preliminary
Determination

Nota'n ARAR

Not an ARAR

•
Remarb

These requlremenlll would itot be ARARs
because they do not apply directly to
source-apeclfic emissions; rather, they
are limitationl on ambient concentrations.
However, tbey would be addressed in con­
trollins eminiona that could result from
implementation of the remedial action.

These requlremenlll would not be ARARs
because they do not apply directly 10
source-specific emlsalons; rather, they'
are limitations on ambient concentrallons.
However, they would be addr_ed in con­
troliins emlllloni that could reault from
Implementation of the remedial action.



TABLE G.2 (ConL)

CiUllion Conlamlnant Medium Requirement
Pr~lmlnaiy

Determination

No owner or operalOr d an IlIIlallatlon listed In these
reqlilrelJll!l\lS (whlclt Induded Portland Q!lnI!nl planls,
munldpal IndneralOfl Capable of cltarslns more lhan
250 Ion. o(refuse per day, fcull·ruel boIlerl of more
than 250 million Btu per hour heat Input, and chemical
process planlS) Ihould comDll!nce a modlflclIlon or con·
llruction Ihal would result lnemlsslons sreater lhan .

.the de minimis' levels Idl!l\llfIed below:

Mil60llri Air Quallly Stan­
dard. (10 CSR 10~.060),

Permill Required

See lable Air

· Pollutant

Carbon monoxide
Nil~ogen dioxide
Total ,ulpended particulates
PM-IO
Sulfur dioXide

· Ozone
.Lead
Mercury
AsbeslOS
P1uorldes
Sulfuric add mill
Vinyl chloride
Hydrogl!l\ sulfide

· Total reduced lulfur
Reduced lui fur compounds

I!mIsslon Rate
(Ions/year) .

100
40
25
t5
40
40'·
·0.6 .
. 0.0004 .

0.007
3
7
1
to
to'
to

Potentially
relevant· and
appropriate

This requirement would'not be applicable
because the Weldon Sprlns lite does not .
meet the deftnltlon for an Installation as
defined in thla resulatlon. In addition, the
requlremenl for a permit would not be an
ARAR because It conslilUles an admlnls­
Itatlve requlreml!llt at a CI!RCLA site;
nevertheleu, the subltantlve components
of Ihlt requirement aJUld be considered

.~evant and appropriate If the Itealmenl
procesa were considered luffldently
similar to the resulat81 conditions. For
ell8lllple. If vltrlftcatlon were selected,
emlulons IIIlght be apprOpriately con· .
Itolled 10 these Ieve" Insofar _ the vlttlfl­
cation lysteDi 'hal the potential to emit
polluUlnll above the .pedfled de mlnlmll
levels. AlthOllSh final emlulons from such
a f&dllty cannot be determlru!d until aller
detailed deslp. prellmlnary stlmates
Indlcale lhat de mlnlmls Ieliels mlghl be .
exceeded for nitrogen dioxide and
mercury..

' .. -'.

•

• Measured as volatlle'orsanlc coinpounds.

• •
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TABLE G.2 (Cont.)

Preliminary
Citation Contaminant Medium ll2qulrement Determination Jlemarb

Mlsaouri Acceptable Amblent Specific Air Ambient atr concentrations of the listed parameters should To be considered These draft standuds fa Iunbient air
levels for Air Quality (Draft) chemicals not exceed the foUowin8 limits (upon promul8atlont- quality ue currently under consideration

(see table) by the Slale of MIssouri and have not yet
been prolJ)ul8ated. so they are beln8
evaluated as "to be considered" require-

'Limi" ments. They would not apply directly to
Puameter , (1I8/m'! Sl!.urce-s~llc ~issl~ !lUI !nst~ .

would be ulM!d 10 support limitations on
ambient concentrations; they would be

Aluminum 133.33 addreslM!d In controllln8 emts.lons that
Barium 6.67 could result from Implementation of the
Chromium l.3Sb remedial action.
Copper 2.67
ml!\a·Dlnltrobenzene 13.33
2,4-Dinltrotoluene 0.267
2.6-Dinitrotoluene 20
Manpnese 0.89
Mercu1 0.0089
Nickel O.27b

C')
Nitric oxide 400 I

Nitrobenzene 13.~
v......

Nitr08en dioxide 100"
Thallium 1.33
Trinitrotoluene 0.0889
Uranium' 2.67

• Averased over 8 hours, unless otherwise noted.
b Avera8ed over 24 hou'rs. '
[ At. elemental mercury.
d For soluble ...It..
• Avera8ed over 8,760 hours. '
, At. natural uranium.

Missouri Air Pollution ' Particulate Air Particulate mailer from any Industrial source should not Not an ARAR These requirements are neither applicable

Control Regulation's; Air matter exceed a concentration or 0.30 sraln/ft' of exhauSl gas; nor relevant and appropriate because no

Quality Standards ""d Air certain activities are exempted (e,g., grlndins. crushlns. Indullrial processes are Involved in the

Pollution Control Regulations and classifying operations at a rock quarry). remedial action and pertinent activities

for the 51, louis Metropolitan would probablY,be similar to those for

Ala (10 CSR 10-5.050). whidlthe waiver Is stated. However, they

Rattictlon ~f Emission or would be addressed In controilin8 partlcu.

Particulate Mall~r from late emissions that could be generated

Industrial Procesaes during Implementation, e.g., from volume
reduction activities.



TABLE G.2 (Cont.)

Otation Contaminant , Medium Requirement . '

Preliminary
Determlnalion '

Mi5Sourl Air Pollution
Control Ib!suladons; Air
Qualil)' Standards and Alr'
Pollution Cont'rol Regulations
ror the 51, Lou Is Metropolhan
Area (10 CSR 10-5.090).
R.eotrietlon of Emission of
Visible Air Contaminants

Mi5SourlAlr Pollullon
Control Ib!sulations; Air
Qualil)' Standarda aIid Alr
Pollution Control Rejjulationa
ror the St. Louls'MeiropOlhan
Area (10 CSR 10-5.180).
£million of Visible Air
Contaminants from Internal
Combustion Engines .

MiliSouri Air Quality
Standards (lO'CSR 10-6.170),
R.eouletion of Particulate
Maner to the Ambient Air
Beyond the PremileS 01 '
Origin

-_•.

Particulate
matter

Particulate
IRatter

Particulate
matter

Alr

Alr

Alr

£millions of partiCulate m&tter «25 Iblh) from any single
source, not Including uncanblned water. should not be
darker thail the shade of derulty designated al No.2 on the'
Rlngehnann Chart. or 40% opadl)'.

Visible air contaminants (other than uncombined Wilter)
should not be released from an internal combusllon engine
ror more than 10 seconds at anyone time.

No person .mould permit the handling. transport,.or storage .'
: of any material without applying reasonable measures as
may be required to prevent fugitive partlculate maner to go
beyond the premlleS 01 origin In quantities that (1) the
particulate matter remains villble In the ambient air beyond
the property line of origin or (2) the particulate matter may
be found on surfaces beyond the property line of origin. To
prevent parllculate matter from going beyond the premises
of origin during construction, repalr. cleaning. or demolition
of a building or Ita appurtenaRC1!ll; construction or Ule of a
road, driveway, or open area; or operation of a commercial
or Industrial Installation. the following measures may be
required: revision of prOcedures InvolVing construction,
repalr, cleaning. and demolition of buildingS that produce'
parllculate matter emissions, paving oc frequent deaning of
roads. application of dUlt-free surfaces or water. and
planting and maintaining a vegetallve ground cover.

•

Not an ARAR

, Potentially
applicable

Potentially
applicable

These requiremenll would be neither
applicable nor relevant and appropriate
because the site dos not amatitute and Is .
not sufficiently similar to an emilslon
source per the regulatory definition.
However, they would be addressed In ron­
trolling particulate emIulona that cou'1
result from Implementation of the remedial
action.

These requlremenll would be applicable to
particulates released from any Inlerna.
combustion engines used dUring the
remed lal action.' ,

These requlremenll would be applicable 10

releases of particulat.. from the listed
aclivili.. dUring Implementation of the
remedial action. '

•
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TABLE G.2 (Cont.)

Preliminary
Citaliol' Contaminant Medium Requlremenl Determlnalion Remarka

Missouri Air Pollulion Con- Partirulale Alr The maximum allowable particulate emil5lon rate for new Potentially The requirement would nOl be applicable
Iro.l Regulations; Alr Quality mailer lIOurces in an Installation or Indirect heating sourCEII II relevant and becaule ruel-burning equlpmenl would not
Siandards and Air Pollution O.W Ib per mfllion Blu or heat Input for lIOurCl!ll willi a heat appropriate be used ror Indirect heating as part or the
Conl/ol Regulations ror tht input or less Ihan 10 mflllon Btu per hour. For lIOurCl!ll with remedial aedon. Under tht vitrification
SI. Louis Meltopolilan Area a heat input equal to or greater than 10 mfllion Btu per hour aliernatlves. such equipment would be
(10 CSR 10·5.030). Maximum and less than or equal to 1.000 million Blu per hour. the used (or direct heating or the w;~lte

AllOWable Emillions or maximum allowable particulate emfulon rail! I. determined maltdal; therefort. these requirements
Particulate ~atttr from. by the equation E = 0.8O(Q).o.3OI, where I! Ie the maximum could be considered relevant and appro-
Fuel-Burning equipment allowable tmlsslon rail! In pounds per million Btu of heat priate ror .thos.e alttrnatives on the basis !If
Used (01 Indirect Heating Inpul and Q i. the Insta/lallon heat 'npul in mUIlons or Blu sufficient similarity.

per hour. For soUrCEII With a hmtlnput rate greattr than
1.000 million Blu per hour, the maximum allowable partiCU-
late emilslon rate il 0.10 Ib per million Btu or heat Input.

National Emission Standards Arsenic Alr Uncunl/olled total arsenic emlulons from a new glalll Not an ARAR These requlrementl would not be'appli-
for HaDrdous Air Pollutantl melting furnace that u_ commercial arsenic as a law cable becaUII! glaas manufacturing Is nol
(40 CFR 61~ Subpart N. material should be limited to 0.4 megatons per y_. or part of the remedial aCtion; neither would
National Emission Standard control devioee should be used to reduce tOlal emissions by they be relevant and appropriall! because.
for inorganic Arsenic al leasl 85% (exapt when bypaislng I. needed. e.g,. for although vitrified waste could be . C)
Emissions from Glasa maintenance of the control device~ considered suffidently similar to glass ,

I.u
Manufacturing P1antl under the vitrification ahernatlves. I.u

coD1Dlercial arsenic would not be used as
the raw material. Nevertheless. these
requirementl would be addressed In
controlling emlssloRS'during
Implementation.

National Em/Slion Standards AsbeslOll Air Warning "'gRl should be poIted. and d/ICharge or visible Potentially This requirement would be applicable to
for Hazardous Alr ,Pollutants emissions should nol occur during the mllectlon. ,proces&ing. applicable protection of the public during Impl<>-
(40 CFR 61). SubpartM. packaging. transporting. or depolltion Dr friable asbeslOS- mentation the remedial action.
National Emission Standard containing material.
for AsbestOll

Toxic Subslances Control Act,. AsbestOll Air Programs for worker protection (via clothing and Not an ARAR These requirementll are part of an
as amended (15 USC 2607- equipment) should be Implemented. and the permllSlble employee protection law (rathtr than an
2629; PL 94-469 el seq.); exposure limit for asbestOllls 0.2 Ober/cm' of air as an environmental law) with which CERCLA
Asbestos (W CFR 763). 8-hour tim<>-weighled average. response actions should romply; hen~
Subpart G. Asbestos they are nol subject to the ARAR process.
Abatement Projects They are Indlcattd In this table to identiry

requlrementll for worker protection with
which the remedial action would comply.



TABLE G.2 (Cont.)

CllaUon

Occu'pational Safety and
Health Admintltratlon
Standardl; OCCUpational
Health and Environmental
Control (29 CFR 1910,
1910.10011. Subpart G,
Asbeslos, Tremollte,
Anthophyllit.. and
Ac1lnolite .

Contaminant

AlbeitOl

Medium

Air

Requlrl!Dlent

Varioul asbestc»-management actlvltlet are required for
worker protection, Indudln. monitorinllo timely retponle to
releases, and the UN! of hI8h-effldency-pardculat@-lllr
(HEPA)-fiIti!red equipment (or vacuumln8' The permlAlble
occupational exposure IImlt (or asbestos al an 8-hour tlm~
wei8hted avera8e II 0.2 Aber/COI) of alr.

Preliminary
Determination

Not an ARAR

Remarks

These requlretnenlJ are pari of an
employee protection law (rather than an
environmental law) with whlch CERClA
retponse actiON Ihould axnply; hence,
they are not .ubject to the ARAR proc_.
They are Indicated In thI. tahle to Identify
requiremenlJ for worker protl!Cllon with
which the remedJallttlon would comply.

OCCUpational Safety and Aabeltoi Air Worker health and we.y itandardllnclude a limit for Not an ARAR
Health Adminlltratlon occupational exposure to asbestos of 01 fiber/~of alr as
ConitruClion Indultry an 8-hour time-weighted average, with an action level of
S.!~dar~.I.(~gJU.?~)..-.__,__~~ ..~_ .•_.~_~.•~O.I.fiberICDIJ.and.uhort~term(3O,mlnute).limlt of~~.,- _.......-= .< __.

l'fibi!r/CDlJ of air (fiberi>5 pm): .

Theae requlremenll are part of an
employee protection law (rather than an
environmental law) with which CERClA
.reaponlle·acdona.IhouId··c:omply;·hence,~~,·..
they are not.ubject'to the ·ARAR'process. .
They are Indicated In thl. table to identify
requlremenll for worker prOllialon with .
which the remedial Ittlon would comply.

Toxic Subltancea Control Act,
as alllended (IS USC 2601.
2629; Pl 94-469 et aeq.);
Polychlorinated Biphenyll
(PC8I) ManufaC1urlnllo
PrOC'eSllng. Diltrlbutlon
In Commerc.. and Uae
ProhibitiON (40 CPR 761~

Subpart A. General

Occupational Safety and
Health Adminlltratlon
StandardI; Occupational
Health and Environmental
Control (29 CFR 1910,
1910.95), Subpart G, Occu·
patlonal Nolle Exposure

PCBa

Noi", Air

Air The relA!aile of Inadvertently generated PCBs at the vent
PQlnt for emlsslonl lhould be <10 ppm. .

The. permissible OCCIlpadonai exposure level for noiae II
90 decibels, A-wel8hted (dBA) (ilow response) for an 8-hour
day; with decreasln. timoS of exposure, the levell increase to
115 dBA per IS-minute day. .

Potentially
relevant and
appropriate .

NOlan ARAR

This requirement would not be applicable.
becauN! no PCIla would be lJ'!IIerated and
vented (rom manufaeturlnBlproceuln.
activities u part of the remedial action;
however, portiona ofthla requirement
could be relevant and appropriate because
emlsslonl of the regulated material (PCBa)
could potentially occur durin8 Implemen­
tation and release condition. might be
coll5ldered luffidently limilar.

These requlremenlJ are part of an
employee prolection law (rather than an
environmental law) with which CERClA
response actioM IhouId comply; hence.
they are not IUbject to the ARAR prOCl!l6.
They are Indicated In thl. table to Identify
requlremenll for worker protl!Cllon with
which the remedlalllCllon would coDlply.

• • ... '.._..,--'" - -.-----=.-_".-._.---~=_-;o:.=.=:..,..,._=-_,.....,..--- •
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TABLE G.2 (Cont.)

Citallon

Health and Environmental
Protection Standards for
Uranium and Tholium Mill
Tailings (40 CFR 192),
Subpar! B, Standards for
Cleanup of Land and
Buildings Contaminated
with Residual Radioactive
Materials from Inactive
Uranium Processing Sites

Radiation Protection of the
Public and the Environment
(DOE Order 5400.S)

TolUc Substances Conuol Act.
as amended (IS USC 2fJJ7·
2629; PL 94-469 et oeq.);
Polychlorinated Biphenyll
(PCBs) Manufacturing.
!'foeessing. Distribution.
in Commelce, and Uie
Prohibitionl (40 CFR 761),
Subpart G, PCB Spill
Cleanup PoliCy

Contaminant

Radlum-226

Radium and
thorium

PCBs

Medium

Soli

Soil

Soil

'.
Requirement

Residual concentrationl of radlum-226 In loll at a designated
uranium proc....lng site lhould not exceed background by
more than SpCI/g'n the top 15 em of 1011 or IS pO/g
In each 15<01 layer below the tOp layer, averaged over an
area of 100 mI. (SImilar 1Im11a are IndIrectly indicated for
radium-228 in Subpart F. which addresses thorium
by-ploduct material and therefore could be considered
relevant and appropriate; see related discussion reialive to
radon releases In Table G.3.)

Concentrations of radlum-226, radlum-228, thorlum-230, and
thorium-232 averaged over an area·of 100 mI should not
exceed 5 pO/g In the top 15 em of 1011 and 15 pCl/g In
each 15<01 layer below the lOp layer. The&l! guidelines take
Into account Ingrowth of radiulIl-226 hom thorlum-230 and
of radium-228 frOm thor'um-232, and they assume secular
equilibrium. If both thorlum-230 and radlum-226 or both
thorium-232 and radlum-228 are present and not In IIl!CUlar
equllibrlum, the appropriate guideline Is applied as a limit
for the radionudlde wllh the higher concentrollion.

Por spills of materlall contaminated with >50 ppm PC1IIln
unrestricted access areas (e.g., residential areas), soil within
the spill area should be exl'.avated and backfilled with lOiI
containing ,,1 ppm PCBs. Contaminated lOiI may be decon­
taminated to 10 ppm by weight by excavatinB a minimum
10 inches and backfilling with sOli containing d ppm PCBs,
For spills at outdoor electricalsubltadonl, the loll should be
cleaned to 25 ppm by weight lao for other restrlete:l aceeu
areas) or to 50 ppm by welght with posting of a visible
notice.

Preliminary
Determination

Potentially
relevant and
appropriate

To be considered

Potentially
reievan I and
appropriate

Remarks

The Weldon Spring Ille II not a designated
uranium processing lite, 10 these require­
ments would nOl be appllable; however, .
they couId be fJ)nsldered relevant and
appropriate bec:iluse the site contains
material lufficiently Ilmilar to uranium
mill tailings and the lasue of re5idual
radionuclide concentrallolll In lOiI could
be well lulted to final lite conditionS.

Although not promulgated ltandards,
these conltitute requlremenla for .
protection of lhe public wilh which the
remedial action would comply.

These requlremenll would nOl be appli­
cable because any IUch Ipllli at the lite
would have preceded the effective date of
the5e regulatiolII. However, they could be
considered relevant and appropriate to the
remedial action because the waite type
(PCBs) and rel_ condillons (Ipills) may
be sufficiently similar to Ille oondltions.
The recommended level or 10 ppm by

. weight was considered in developing a
cleanup criterion for PCBs in lite lOiI.

••



TABLE G.2 (Cont.)

Citalion Contamlnanl Mediulll Requi...mml
Pt..Umlnary

Ol!t..rmlna'ion

Toxic Subs'anc... Conuol An.
• amended (IS USC 2607·
2629; PL 9~69 ... 5elJ.I;

. Pelyclderinaled Biphenyl.
(PCBs) Manufacturing.
Processing. Distribution
in CODUnerc:.., .and U...
Prohibirjons (40 CFR 7611.
Subpan C" PCB Spill .
O..anup Policy .

PCBa Solid
.urfaeel

Low'CXlRcenlration Iplll. on hard.wfacellhll Invelv.. leal Not an ARAA
than I Ib PCIIe by w..lghl (Ieaa Ihan 270 gal of untested .'
mi"",ral olll.houid til! deaned 10 r..move visible traces.
Impervious and nonlmp-.rvioul aoIld lurlaces al outdoor
electrical aubalatlonl conlllminated by PCB Ipllli Ihauld til!
d ..aned 10 a PCB conmttrallon of 100 I'S/IOO CUll II
measured by .tandard wipe lesll.. In other restricted accell
ar.... PCB apllli on hiSh-amtacl lolld lurlaces and on low.
conlAc~ indoor lolperviOUIand nonlmperv!oullolld .
lurfaoes lIhould be decontaminated to 10 118/100 CIIIl (alter.
nalively. low-<Ontan,. Indoor nonUitpervioUi aurfaces c:ould
be cleaned 10 10 limes thll level and encapaulaledl. Low·
contan,. outdoor hnpervloU. end nonlmpervlou••udaes
.'!louldJ~d~flI!.!1J0.100jlgl1j)O.m1:__bl.•real.of.:..•.•.. , '_Q~_.' ...._~.
unrl!ltrleted acCI!II. Indoor .Iolld Iwllles end hlgh-cxlRlaet
outdoor residmtla//commerdelsolfd .urfa<:el .IIould be
cleaned 10 100 \I8/CUll • II .hould Indoor vault ar91 and
low-rontaet, oUldoor Impervioul and nonlmpemOUllOlid
.urfaeel (with an mcapsuladon opdon of 10 times thl.Iev..1
lor the nonlmpervlous lurfaces~ .

Theae r"'QUlrements would not be appli­
cable tIl!cause any such .pllla al til.. .ile
would have preceded !hi' effective date of .
I/Iese regulallons. Nellher would they be
relevant end appropriate because it Is nol
!hi' Inlenl.of the propo6ed action to clean
surfaDei such IS noor .Iaba In area. thaI
would be used Inllle·'uture. However.
theerequlr..inents would til! considered \0
addresl worker ..ret)' durlnS
Implern..ntatlon.

__~ ·--...--....t_~_·

I,"erim Cuidani:.. on
Establishing Soli Lead.
Oeanup Level. al
Superfund Siles,
OSWER 935H·02
(Sepl..mber 7, 19891

•

Lead Soil
. ." '.

A soli cleanup level of SIlO.to 1,000 ppm for tOlallead. II
Indlciled by 111~pedftcconditions. has been nicomm..nded
by the EPA In Inlerlm SUldance lor CERCLA s/les. Thl,
level II considered protective lor direct contact at II!Sldmtiai
seltings. (The EPA has also developed an uptake lIlode~

l..ead5. thaI can be used 10 Indlcale a slte;spedflc value.)

•

To be considered Beause thll II not a promul8llled
Ilandard, It II addressed as a ··to be
con.idered· requirement. The rl!COO1'
mendedlevell w..re considered In
developing a cleanup altenon for
lead in .ile soil. (The EPA model
was also used 10 develop Ihls level.)

•
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TABLE C.2 (Cont.)

Citation

Mi"""r; o.,parlml!nl or
Hrallh. Proposed Rulr,
19 CSR 20·9.020. Any-Use
Soil Lrvrl. ror Resldrntlal
Srltings

Contaminant

Sp«iflc
chrmlcall
(lee tablr)

Medium

Soil

•
RequJrrmHlt

The Missouri DeparbJImt 0( Hwth has proposed the fol­
low;ns maximum concentratlonl of chemlaall In lIOilthat
are COIlsidered 'aCCl!ptablr to human heallh In a residrntial
tetlins (Any-Use Soil len.. IASll~

Prrllmlnary
Oetrrmination

To be.considered

~rk.

8ealUIe thele are not proDlulpted
Ilandanh. they are eddrelaed as 'to
be COfllldered' requlrementt. 11tese.
recommended Ieve'" were considered
In developlns deanup alterta for
lite lOiI.

•

Contaminant

Anllmony
Arsenic
Barium
Ik!ryllium
Cadmium
Quomlum
Lrad
Mansanese
Mercury
Molybdenum
Nlckrl
Srlenlum
SlIv~

Thalliulll
Vanadium
llnc
Anthracene
B<!nzo(a)anthracene
Ik!nzo(b)nuoranlherie
B<!nzo(k)nuoranthene
Ik!nzo(a)pyrene
Chrylene
Fluorene
F1uoranlhene
Indena(1,1.3<d)pyrene
Naphthalene
Pyrenr
PCBs (tOtal)

ASl (ppm)

23
11

3,900
1.2

28
5.600"

240
5,600

17
56

1,100
280
280
. 3.9

170
5,600

17.000
0.44
0.44
0.44
0.44
0.44

2,300
2,300

0.44
230

1.700
0.65



TABLE G.2 (Cont.)

Otatlon

(Cont>.

Conwnlnant Medium Requirement

Contaminant

Dlnltrobenzene
2,4-Dlnltrotoluene
2,~Dinllrotoluene

Nitrobenzene
TrinitrotOluene

ASL (ppm)

5.6
7.4
7.4

28
-14

Preliminary
Determination

" • TDIal concentration In lltuadON where
',··--"'-:-helCllvalenn:tlromlum II unlikely,g(·" -

, dexumeniedtii be leu than 4 ppm.
Where hexavalent chromium II lJ~ly

,or documented 10 exceed 4 ppm. the
ASL for total chromium Is 280 ppm.

...._-'- -. .. -.-.....-......-................. -- . ..,. ..-~ ............ -~-

Feder~1 Water Pollution
Conllol Act, Oean Water"
At1 (33 USC 1251-1376);
Crlleria and Standardl
for the National Pollu,tant
DilCharge E1iminadon
Sy&tem (40 CPR 125)

Any Water Permitllng authorlly for lurfat'l! water dtlChargei hal been
. delega!ed 10 the ltate,or MlslOuri for the N!ltlonalPollutant

DllCharge E1lmlnallon System (NPDES) p_. Both
procedural and lubstantlve requlremenll are addrssed for
the permitting prDCe15. .

Polentlally
applicable

These requltementl would be applicable 10

lurfaoe water releases from the lile, e'g.,
from construction activities; an NPDES
permit II In place with the ltale of
Missouri.

•• - -"'-"--._~"-~,.--=-=-z;-=,-=::?-_=_~-::;_-===-=.~==-"',::-..'---" ..---- .
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TABLE G.3 Potentiil Action-Specific Requirements

• •
Citation

Highway Improvement Act
of 1982 (23 USC 127;
PL 97-424), Vehicle Weight
Umitations -Interstate
System

Hazardous Material Trans­
portation Act, as amended
(49 USC 1801-1812); Solid
Wasles (40 CFR 263),
Standards Applicable to
Transportation of
Hazardous Waste

Hazardous Materials
Regulations; Shippers ­
General Requirements for
Shipments and Packaging
(49 CFR 173), Subpart I,
Radioactive Materials

Action

Transportiltlon

Transportation

Trilnsportation

Requirement

Trocks using interstate highways should not exceed Weight
limits of 20,000 Ib for a single axle, 34,000 Ib on a tandem axle,
and 80,000 Ib gross vehicle Weight.·

Generic requirements are estabUshed for minImIZIng the
envlrorun·entallmpacts of spills or ~Ieases of hazardous
materials, as are procedures for transporting hazardous waste.

Low-speclfic-actlvity radioactivity materials should be
packaged in strong. tight containers to prevent leakage of
radioactivity under conditions normally Incident to
transpOrtation, and the vehicles should be placarded. In
exclusive-use vehicles, external radiation levels on packages
should be <200 mrem/h or <1,000 mrem/h if secured in a
closed transport vehicle with no intermediate loading or
unloading; external radiation levels on the outer surface of the
vehicle are limited to <200 mrem/h al any point and
<10 mrem/h at 2 m from the surface of the vehicle; and levels
in any normally occupied space are UmIted to <2 mrem/h.

Prelimlnary
DeterlJlination

Not an ARAR

Not an ARAR

Not an ARAR

Remarks

These requirements are not part of
an environmental law and hence
are· not subject to the ARAR
process. However, they could be
pertinent to the remedial action
for materials shipped on high­
ways (e:g., siippUesshipPed to the
site or wastes ·trarwported off-site).
In this case, the weight limits
would be addressed during
implementation.

These requirements are not part of
an environmental law and hence
are not subject to the ARAR
process. However, they could be
pertinent to the remedial action if
hazardous waste was transported
off-site. In this case, the pertinent
requirements (e.g., for spill
response) would be addressed
during implementation.

These requirements are not part of
an environmental law and hence
are not subject to the ARAR
process. However, they could be
pertinent to the remedial action if
the wasle was transported off-site
because the average concentration
of radlonudlde5 in certain waste
could meet the criteria for classi­
fication as low-spedlic-actlvlly
radioactive material. In this case,
such requirements would be
addressed during implementation.



TABLE G.3 . (Cont.)

Citation

Missouri Rules AppUcable
to Transporters of
Hazardous Waste (10 CSR
25-6.263), Standards for
Transporters of Hazardous
Waste·

Action

Transportation

ReqUIrement .

Equipment used to tramport hazardous waste should meet
state and federal standards luuI should be compatible with the
waste and adequate to protect human health and prevent
environmental damage. Motor vehicle operators should be
Ucensed by the MIssOuri Department of Natural Resources.

Preliminary
Determination

Not an ARAR

Remarks

These requirements are not part of
an enviJ'OnmentaJ law and hence .
are not subject to the ARAR
process. However, they could be
pertinent to the remedial action if
hazardous waste was transported .
off-site. In this case, the pertinent
requirementS (e.g., for equipment
and Ucenslng) would be addressed
during Implementation.

... _._,Mlsso'y-riAir 1'0Qu!!9n ..~_RQi1d'Yar~.. .. .-JJ!e_~ of1J'I!1efied (!Jtbaclt. (asphillLcemenUhaUs Uquefied ." .._..Potentially> ..~ These.requJmnents.would.be... -_.,-_~
Control Regulations; AIr· construction by blending with petroleum solvents as dIIuents) on roadways, applicable applicable to construction of haul
Quality Standards and AIr driveways, or parking lots is not permitted during the months roads as part of the remedial
Pollution Control Regiala- of May through September; this restriction applies to the action.
tions for the St. Louis asphalt used as a plant mix or road mix and does not apply to
Metropolitan Area (10 CSR its use as pothole filler, for emergency repair, or as a primer
I()'S.310), Uquefied .Cutback coat or seal on absorbent surfaces.
Asphalt Restricted

Noise Control Act, as
Amended; Noise Pollution
and Abatement Act

Occupational Safety and
Health Administration
Standards for Hazardous
Waste Operations and
Emergency Response
(29 CFR 1910) .'

•

Construction
. and lreatu,ent

activities

Decontamina­
tion·and waste
handling

The public should be protected from noises that jeopardize .
human health or welfare.

General worker protection requirements are eStablished, as are
requirements for worker training and the development of an'
emergency response plan and a safety and health program for
employees. In addition, procedures are established for
hazardous waste operations - including decontamination and
drum/container handling (e.g., for radioactive waste, asbestos,
and PCBs).

•

.. Potentially
applicable

NotanARAR

These requirements would be
applicable to the remedial action.

These requirements are part of an .
employee protection law (rather
than an environmental law) with
which CERCLA response actions
should ~mply; hence, they are
not subject to the ARAR process.
They are indicated In this table to
Identify requirements for worker
protecti~with which the
remedial action would comply.

•



•
TAISLE G.3 (Cont.)

Citation

U.S. Nuclear Regulatory
Commission GuidelineS for
Decontamination of Pacili­
ties and EqUipment Prior to
Release for Unrestrided Use
or Termination of Ucenses
for·Byproduct. SoUrce. or
Special Nuclear Material

Termination of Operating
UcenseS for Nuclear
Readors (U.S. Nuclear
Regulatory Commission
Regulatory Guide 1.86)

Action

Decontami­
nation

Decontami­
nation

•
Requirement .

Structural debris assodated with licensed by-product. source,
or special nuclear material that Is released for reuse without
radiological restrictions should be decontaminated to specified
levels. The allowable total residual surface contamination
levels for lransurarocs. iodlrie-125.lodine-129, radium-226,
actinium-227; radium-228. thorium-228, thorium-230. and
protactinium-lJl Me as'foUows: average. 100 dpm/100 cm2;

maximum. 300 dpm/100 cm2; and removable. -
20 dpml1~ cm2.

Structural debris a55bdated with licensed reactors that Is
released for reuse without radiological restrictions should be
decontaminated to spedlied levels. (I'he allowable surface
contamination levels included in this regulatory guide are

. Identical to those discussed in the previous enlry in this table.)

Preliminary
Determination

To be
considered

To be
considered .

Remarks

These are "to be considered"
requirements because they are
guidelines rather than promul­
gated standards; however. the
Weldon SprIng site Is not a
nuclear fadUty licensed by
the US. Nuclear Regulatory
CoriuillsSlon (NRq,"and most of
the requirements listed in the
guidelines have been incorporated
into DOE Order 5400.5, with
which the remedial action would
comply (see later entry in this
table). Because this Order does
not include the limits shown here•.
they mlght be considered perti­
nent to the release of structural
material for reuSe Without radio­
logical resbictions.

These are "to be consldered~

requirements because they are
guidelines rather than promul­
gated standards; however, the
Weldon SprIng site Is not a
nuclear facillty licensed by
the NRC. and most of the require­
ments listed in the guidelines
have been incorporated Into DOE
Order 5400.5. with which the
remedial action would comply
(see next entry). These require­
merits mlght be considered perti­
nent to the release of structural
material for reuse without radio­
logical restrictions.

•



TABLE G.3 (Cont.)

. Citalion Action

Radialion Prolectionof the DecontamJ·
Public and the Envirorunerit nation
(OOE Order 5400.5)

Requb'ement

StrUctural debris that Is released from DOE facilities ror reuse
without radiological restrictioM should be dec:ontaminatedto
the following levels:

Allowable Total Residual Surface
Contamination (dpm/l00 emIt

Prellminary
Determination

Tobe·
considered

Remarks

Although not promulgated sian­
dards, these constitute requlre­
menls ror protection of the public
with which the remedial action
would cODIply.

. -
--.-_-c=o....~.. ~. _ ~~~ ..~ ...-~_._ ... ~ ..........~ _,'_,,,, ',~~_. ~""'.'''''''''-'_ . ". _~ ._~;__ ~ ..

T,ansuraNCS, Reserved
fodJne..125,
1~129,

radlum-226,
actinfum-227,
radium-22fl.
thorfum-228.
thorium-230,
prolactlnfum-231

Reserved Reserved

- ..,. .
--.-._~ ......... _._ .... _--=h.I __ '-'~"_-"'_--:-' '."_'_""~_~ _.

_ r ••••••

• :1.'

••

Thorium-natural.
strontfum-90,
iodine-I26,
lodlne-I31,
lodlne-133.
radium-223,
radium·224,
uranium-232,
thorium-232

1,000 3.000

••

200
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TABLE G.3 (Cont.)

Citation

(Cont,)

Action

'.
Requirement

Allowable Total Residual SurfaCe
Contamination (dpm/l00 cm2).

Preliminary
Determination Remarks

•

RadJonucUdesb AverageC,d

Uranium-natural,
uranlum-235,
uranlum-238,
and associated
decay products,
alpha emitters

Beta-gamma
emltters (radJ~

nucUdes with
decay mOdes
other than alpha
emlsslonor
spontaneous
6sslon) except
strontium-90 and
others noted
abovel

5,000

'S,OOO

IS,OOO

IS,OOO

1,000

1,000

• As used In this table, dpm (disintegrations per minute)
means the rate of emission by radJoactive material as
detennlned by correcting the COWlts per minute meaSUred
by an appropriate detector for background, effidency, and
geometric factors associated with the Instrumentation.

Footnotes continued on next page.



TABLE G.3 (ConL)

Citation Action Requirement , ,
Preliminary

Determination Remarks

(Cont.)

•

b Where surface contamination by bOth alpha- and beta­
gamma-elil.ittlng radlonudldes exists, the limlts estabUshed
for alpha- and beta-gamma-emltting radionucUdes should
apply independently.

C Measurements of average contamination should not be
averaged over an area of more than 1 m2. For Objects of
smiiller surface area, the average should be derived for each
such object.

d The average and maxUnum dose rates associated ~th
surface contamination resulting from beta-gamma emiUers
should not exceed 0.2 mrad/h and 1.0 mrad/h. respectively,
'at 1 em,

e The maximum contamination level appUes to an area of not
mOre than 100 em2• '

I The amount of removable material per 100 em2 of surface
area should be determined by wiping an area of that size
with dry filter or 50ft absorbent paper (applying moderate
pressure) and measuring the amount of radioactive material
on the wipe with an appropriate Instrument of known
effldency. When removable contamination on objects,of
surface area less than 100 cm2 Is determined, the activity per
unit area should be based on the actual:area and the entire
surface should be wiped. It 15 not necessary to use wiping
techniques to measure removable contamination levels if
direct scan surveys indicate that the total residual suiface
contamination levels are within the limits for removable
contamination.

8 This category of radionucUdes includes'mlxed fission
products, including strontium-90. that have been separated
from other fission products or mixtures where the
strontlum-90 has been enriched.

• •

'-~----,'
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TABLE G.] (Cont.)

Citation

Occupational Safety and
Health Administration
Standards for Hazardous
Waste Operations and
Emergency Response
(29 CFR ]9]0)

Radioactive Waste Manage.
ment (DOE Order 5820.2Al

Hazardous and Radioactive
Mixed Waste Program.
(DOE Order 5400.3)

'Action

Waste
management

Radioactive
waste
management

Mbed waste
management

•
Requirement

General worker protection requlremenls are established, as are
requirements for worker lI'a.IninB and the development of an .
emergency response plan and a safety and health program for
employees. In addition, procedures are establlshed Cor
hazardous waste operations - Including decontamination and
drum/container handling (e.g., Cor radioactive waste, asbestos,
and PCBs).

~temal exposure to radioactive waste (Including releases)
should not result in an effective dose equlvalenlof
>25 mrem/yr to any member of the pubUc, and releases to the
abnosphere should meet the requirements of 40 CFR 61 (see
related discussion Cor contaminant-specilic requlremenls). An
environmental monitoring program should be implemented to
address compliance with perCormance standards. '

The hazardous waste compOnent of hazardous and radioactive
mbed wastes should be'managed according to the require­
menls of the SoUd Waste DispOsal Act, as amended (commonly
referred to as the Resource Conservation and Recovery Ad
IRCRA)). and the radioactive compOnent of radioactive mbed
waste should be managed according to the requlremenls of
DOE Order 5820.2A (see related discussion In this table).
Waste minimization measures should also be Implemented.

PreUminary
Determination

Not an ARAR

To be
considered

To be
considered

Remarks

These requuements are part of an
employee protection law (rather
than an environmental law) with
which aU CERCLA response
action; should comply; ~ence,
they are not subject to the ARAR
process. They ar:e indicated in
this table to Identify requirements
Cor worker protection with which
the remedial action would
comply.

Although not promulgated stan­
dards, these constitute require­
menls Co, controlling exposures
and releases and Cor environ­
mental monitoring with which the
,em'ed.lalaction would comply.
The current monitoring program
for the site would be expanded
during the action period of ,site'
cleanup.

Although not promulgated stan­
dards, these constitute require­
menls with which the remedial
action would comply if site waste
met the prerequisites fo, defini­
tion as hazardous waste; in this
case, ,the pertinent requirements
of RCRA would be addressed.

•



TABLE G.3 (Cant.)

Cilation

Radiation Protection of the
Public and the Environment
(DOE Order 5400.5)

Missouri Radiation Regula­
tions; Protection Against
Ionizing Radiation (19 CSR
20-1 0,070~, Storage of
Radioactive Materials

Action

Interim radio­
active waste
storage and
management

Radioactive
waste storage

Requirement

The control and stabilization features of a storage facUity lor
waste contlIning uranium. thorium, and their decay products
should be designed, to ensure an effective Ufe of 50 yean, with
a minimum.Ufe of at least 25 years, to the extent reasonably
achievable; sile access controls should be designed to ensure an
effective We of at least 25 years, to the extent reasonable; and
periodic monitoring, shielding, access restrictions, and safety
measures should be iJriplemented to control the migration of
radioactive material, as appropriate.

Radioactive materials should be stored In a manner that will
not result in the exposure of any person, during routine access
to a controUed area, In excess of the limlts identified In 19 CSR
20-10.040 (see related discussion lor contaminant-specUic
requirements); a facility used to store materials that may emit
radioactive gases or airborne parti.cuIate matter should be
vented to ensure that the concentration of such substances In
air does not constitute a radiation hazard; and prOVisions
should be·made to minimize the hazard to emerg'ency workers
In the event of a fire, earthquake, flood, or windstorm.

Preliminary
Determination

To be
considered

PotentiaUy
applicable

Remarks

Although not promulgated sian­
dards, these constitute require­
ments lor storage and manage­
ment of w~tewith which the
remedial action would comply.

These requirements would be
applicable to the temporary

, storage of certain material that
would be generated during the
remedial action, pen(1ing the
availability of a disposal fadllty.

Missouri Radiation Regula­
tions; Protection Against
Ionizing Radiation (19 CSR
20-10.(80), Control of
Radioactive Contamination

•

, Radioactive
waste
management

Allwork should be carried out under condltionsthat minimize Not an ARAR
the potential spread of radioactive material that could result In
the exposure of any person above any limlt specilied In 19 CSR
20-JO.04O (see related discussion lor contaminant-specific
requirements). 'Clothing and other persOnal contamination
should be monitored and removed accordin'g to procedures
established by a qualified expert; any material contaminaited to
the degree that a person could be exposed to radiation above
any limit specified In 19 CSR 20-10.()(0 shouldbe retained
on-site until it can be decontaminated or disposed of according
to procedures established by a qualified expert.

••

These requirements are part of an
employee protection law (rather
than an environmental law) with
which CERCLA response actions
should comply; hence, they are
not subject to the ARAR process.
However, they constitute require­
ments for worker protection with _
which the proposed aclion would

.comply.

••
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TABLE G.3 (Cont.)

Citation Action

•
Requirement

Preliminary
Determination Remarks '

•
Health and EnviroNllental
Protection Standards for
Uranium and Thorium Mill
Tailings (40 CFR.l92),
Subpart A, Standards for
the Control of Residual
Radioactive Materials
from Inactive Uranium
Processing Sites

Health and EnviroNllental
Protection Standards for
Uranium and Thorium MI1I
Tailings (40 CFR 192),
Subpart 0, Standards for
Management of Uranium
Byproduct Materials
Pursuant'to Section 84 of
the U.S. Atomic Energy Act
of 1954, as ilD'Imded;
Subpart E, Standards for
Management of Thorium
Byproduct Materials
Pursuant to Section 84 of
the U.s. Atomic Energy Act
of 1954, as amended.

Atomic Energy Ad, as
amended (42 U5C2112)

Radioactive
wasle disposal

Radloactive
waste disposal

Radioactive
wasle disposal

Control of residual radioactive materials at designated uranium
processing or depository sites should be designed to be
effective for at least 200 years and up to 1,000 years, to the
extent reasonably achievable. In addition. the control should
be designed such that releases of radon-222frolJ! the residual
radioactive malerial would not exceed an avenge rate of'
20 pCl/m2,s or Increase the annual average concentration In alr
Outside the-dispOsal site by more than 0.5 pCilL. Because this
standard applies to design. monitoring after dlsposalls not
required to demonstrate compliance.

Disposal areas for uranium and thorium by.product materials
should be designed to be effective for at feast 200 years and up
to 1,000 years, to the extent reasonably achievable. In addition.
the control should be designed so that releases of radon-222
and radon-220 from these materl'als (i.e., excluding the cover)

, would not exceed an avenge rate of 20 pCilm2.s. The
'standard applies to design. so moilltoring for radon after
InstaUalion of an appropriately designed cover is nOt required.
(This requirement does not apply to any portion of the site that
contains residual surface and subsurface concentrations of
radium-226 and radium-228 at or below those Identified In
Subparts Band E. respectively, which are listed with "soli" In
TableG.2.)

The OOE can distribute by-produCt material only to individuals
or organizations who are licensed by the NRC to receive such
material.

PotenllaUy
relevant and
appropriate

PotentiaUy
applicable

PotentlaUy
applicable

The Weldon Spring site Is not a
designated uranium processing or
depository site, so these require­
ments would not be applicable.
However, they would be con­
sidered relevant and appropriate
to the design of a dlsposaiJaclJjty
because the, site contains material
sufficlenlly similar to uranium
miD talllngs and the potential
release Issue could be considered
weU suited to finaJ site conditions.

These requirements would be
appUcable to the remedial action
because uranium and thorium ore
concentrates were processed at the
site, thereby generating uranium
and thorium by-product materials.

These requirements would be
applicable to the dlsposal of
radioactively contaminated
(by-product) material from the
Weldon SprIng site at a com·
merclal faciJity (e.g., the
Envlrocare site near Ciive,
Utah).



TABLE G.3 (ConL)

Citation

Radioactive Waste Manage­
ment (DOE Order 5820.2A)

MisSouri Radiation Rt!gUJa-
, tlons; Protection Against

Ionizing Radiation (19 CSR
20-10.090), Disposal of
Radioactive Wastes

Action

Radioactive
waste disposal

Radioactive
waste disposal

Requirement '

Large quantities of 1Ie(2) by-product material waste should be
managed according to the requirements of 40 CPR 192 and
disposed of at specially designated DOE sites. These disposal
sites should be Identified and developed as needed to support
DOE remedial action and should normally be located In the
state in which the wastes are geN!ratecl. Control and stabili­
zation features for long-term management facWties should
proVide, to the extent reasonably achievable, an effective life of
1,000 years with a minimum ute of at least 200 years. Emana·
tion of radon-222 should be llmlied to an annual average
J:t!lease rate of 20 pCl/m2-s, and the annual average concen­
tration of radon-222 outside the site boWldary should not be
In~ased by mOre than O.S paIL. Potentially biodegradable'
wastes should be conditioned to llmltblogenic gas generation;
groWldwater should be protected; and access should be coO­
trolled, with controls designed to be effective to the extent
reasonable for at least 200 yeatS.

Radioactive.waste materi~ should not be dIspOsed of by
dumping or'burlalln soil, except at sites approved by and
registered with the Missouri Department of Health; a permit
should be obtained for holding and preparation of such
material prior to disposal; and no releases to air or water
should cause exposure of any person above the Umlts specified
in 19 CSR 20-10.041 (see related discussion for cont.iDtlnant.
specific niquJiements). _.

Preliminary
Determination

To be
considered

Potentially
applicable

Remarks

AJthOugh not promulgated stan­
dards, these constitute require­
ments with which the remedial
action would comply.

Certain of these requirements
would be ipplJcabie to the action.
(No permit would be required for
on·site dispo5ll1 because this
would constitute an on-site
CERCLA action for which such
administrative requirements are
not ARARs; however, the substan·
tive components of such a 'permit
would be addressed.) ,

• • ~=====~=.::==.=--::--.._...--- ,•
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TABLE G.3 (Cont.)

Citation

Toxic Substances Control
Ad, as amend~ (15 USC
2607-2629; PL 94-469 et
seq.); Polychlorinated
Biphenyls (PCBs) Manu­
facturing. .Processing,
Distribution in.Commerce,
and Use Prohibitions
(40 CFR 761), Subpart A,
General

Toldc Substances Control'
Ad, as amended (15 USC
2607-2629; PL94-469 et
seq.); Polychlorinated
Biphenyls (PCBs) Manu­
facturing, Processing,
Distribution in Commerce,
and Use Prohibitions
(40 CFR 761), Subpart C,
Marking.of PCBs and PCB
items

Toxic Substances Control
Act. as amended (15 USC
2607-2629; PL 94-469 et .
seq.); Polychlorinated
Biphenyls (rCBs) Manu­
facturing. Processing,
Distribution in Commerce,
and Use Prohibilions
(40 CFR 761), Subpart 0,
Storage and Disposal

Action

PCB manage- .
ment

PCB removal
an~ storage

PCB storage

•
Requirement·

AppUcabiUty of requiremeilts and definitions are identified for
material coniaminated with PCBs. .' .

Requirements for marking PCB containers are identified.

Material contaminated with PCBs at concentratiOns greater
than SO ppm should be stored for disposal (for no longer than
1 year) In a facility marked for storage and not located in a
l00-year floodplain. The facility should have a<lequate roof
and waUs to prevent rain water from reaching the stored
material and an impervious floor; the Impervious floor should
have conlinuous curbing at a mlnJmum of 6 in high (with no
openings within the curbed area) that allows for a containment
volume equal to two limes the intema\ volume of 'the largest
PCB article or container stored therein or 25% of the total
internal volume of aU PCB articles and containers, whichever Is
greater. The material should be checked monthly for leaks.

Preliminary
Determination

Potentially
applicable

.Potentially
applicable

Potentially
applicable

Remarks

These requirements would be
applicable to management of
material potentially contaminated
with PCBs. Characterization of
PClXontamlnated material has
preViously bftn conducted at the
site (e.g., for both structures and
soU) and would contlitue as pari
of the remedial action.

ThIs requirement would be appli­
. cable to the removal and storage
of material contaminated with
PCBs.

This requirement would be appli­
cable to the storage of material
contaminated with PCBs. For the
action alternatives, a waiver from
the time limitation would be perti­
nent during the remedial action
for the radioactively contaminated
PCBs 'currently In storage at the
site on the basis of technical
impracticability - i.e., a facility
Is not yet av~able In which to
dispose of this waste. In additiol\
this storage would be an inter­
mediate measure and the require­
ment would be atlalned upon
completion of the remedial acllon

•



TABLE G.l (Cont.)

Citation

TOllle Substances Control
Ad, as amended (15 USC,
2607-2629; PL 94-469, et
seq.); Polychlorinated
Biphenyls (PCBs) Manu­
facturing. Processing.
Disbibutionin Commerce,
and Use Prohibitions
(40 CFR 761), Subpart D,
Storage and Disposal

Tollic Substances Control
Act, as amended (15 USC
2607-2629; PL 94-469, et
seq.); Polychlorinated
Biphenyls (PCBs).Manu­
faclwing. Processing.

. Disbibulion In Commerce, '
and Use Prohibitions .
(40 CFR 761); Subpart D.
Storage and Disposal

•

Action

PCB incinera­
tion

rCB disposal

Requirement

UcJuid PCBs should be incinerated In an EPA-approved facility
either for 2 seconds at 1,200'C with 3'Yo excess ollygen In the
stack gas or for 1.5 seconds at 1,6OO"C with 2% excess oxygen
In the stack gas. The combustion effideney should be 99:9'Yo,
the rate and quantity of PCBs fed to the facility should be
measured and recorded, the stack gas should be monitored,
and,water scrubbers should be l.I5ed to controlhy<lroch\orlc
add (Hel). Nonilquld PCBs shoUld be lndnerated In an EPA·
approved facUlty wIth the same combustion effiCiency and
monitoring requirements, and mass air emissions from the
fadlity should be no greater than 0.001 g/kg ofthe PCB
Introduced. ' , . .

Wastes that are not chemically compatible with PcBs should be
segregated from the PCBs throughout the waste handling and
disposal process. Bulk liquids not exci!edlng 500 ppm PCBs
may be disposed of, provIded such waste Is pretreated and/or
stablUz~ (e.g., chemically fixed, evaporated, or mixed with dry
absoibent) to reduce' Its liquid content or Increase Its solid
content so that a nonflowlng consIstency 'Is achieved to elimi­
nate the presence of free liquids prior to final disposal In a
landfill. Material contaminated with PCBs at concentraifons
from 50 to 500 ppm (including dredged material) should be
Incinerated or disposed of In an approved chemical waste
landflll. Containers for articles with pcBs at <500 ppm can be
disposed of In a chenucal waste landfill If It Is not an Ignitable
waste. AnyPCB articles with ~5OO ppm PCBs and nonUquid
material with ~50 ppm PCBs (e.g., contaminated soil, rags, or
other debris) should be disposed of by incinerating (or using
an alternative treatment) or landfIllIng. The chemical waste

. landflU should be located In an area with an in-place soil .
thickness of 4 ft or a compa~ted thickness of 3 ft and a soil
permeability of at least Ilt7 cm/s, >30'Y0 passing through a
No. 200 sieve, a liquid limit >30, and a plasticity Index >15;

e

Preliminary
Determination

Potentially
applicable

Potentially
applicable

Reawks

These requirements would be
applicable If site waste was
contaminated with PCBs above
the level indicated for treatment
or disposal (see previous enbies)
and the PCB-contamlnated mate­
rial was to be incinerated.

These requirements would be
applicable to the dlsposat of
residual site material contami­
nated wIth PCBs. Limited site

. soil and some process chemicals.,
In storage at Building 434 are
contaminated with PCBs at this '
level and two outdoor tank~ (with
secot'ldary containment) contain
tnbutyl phosphate 'contamlnated
with PCBs at about 150 ppm. A
number of nonradloactively
contaminated PCB liquidS and
containers were previously
removed from the site for
trealDient.and disposal at a
licensed faclUty as part of
an interim acllon.

e.
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TABLE G.3 (Cont.)

• •
Preliminary

Citation Action ReqUirement .Determination Remarks

(Cont.) a synthetic Uner (with a minimum thickness of 30 mil) can be
used to achieve an equivalent permeability. The landfill
should also contain a leachate collection system, which can be
a simple gravity-flow dralnlield, a compound sy"stem (where a
double liner Is present), or a suction Iyslmeler network. 'The
bottom of the landfill should be ~50 ft above the historical high
groundwater table, and the site should not be hydrologically
connected toslariding or flowing waler. ·Structures should be
In place to divert runoff from a 24-hour, 25-year storm. It
located below the 100-year floodwater elevation, 2-ft surface
water diversion dikes should surround the landfiil. The
landfill should be located In an area of low to moderate relief
to miniJnlze erosion, landslides, and slumping.· Surface water
and the leachate collection system should be monitored
(monthly during operations, then twice a year for surface
water), as should groundwater.

C)
National Emission Stan- Asbestos Asbestos-containing material from manufacturing. demolition, Potentially .These requirements would be I

l.n
dards for Hazardous Air management renovation, spraying. and fabricating operations should be wet applicable applicable to the management.of

....
P6Uutants (40 CFR 61), and sealed in labeled, leak-light containers to prepare for Its asbestos dUring the remedial
Subpart M, National disposal. action.
Emission Standard for
Asbestos

National Emission Stan- Asbestos There should be no visible emissions to the outside air from Potentially ThlsrequJrement would be
dards for Hazardous Air dispOsal any active waste disposal site where asbestos-containing waste applicable applicable to the disposal of
Pollutants (40 CFR 61), material has been deposited; or asbestos-containing material asbestos-containing material.
Subpart M, National should be covered with at least 15 em (6 In.) of compacted non-
Emission Standards for asbestos containing material (or be covered with a resinoUS
Asbestos, 61.154, Standard dust suppression a·gent that effectively binds dust and controls
for Active Waste Disposal wind erosion) at least once every 24 holll'S Or at the end of each
Sites operating day.
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TABLE_G.3 (Cont.)

Cilalion

Solid Waste Disposal Act.
as amended (42 USC 6901,
et seq.); Criteria for
Classification of SoUd
Waste DIsposal Facilities
and Practices (40 CFR 257)

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Criteria for
MWlicipal Solid Waste
landRUs (40 CFR 258),
Subpart B, location
Restrictions

•

Action

Solid waste
disposal

Solid waste
disposal

Requirement

ThIs _rUle Identities general environmental performance
standards for solid waste disposal facillties and practices
addressing-floodplains, endaJlgered species, surface water,
groundwater, all', and Safety.

General requinmtents are established for locating solid waste
disposal facilities: location requirements Include (I) facilities
located In a lOO-year floodplain should be constructed,
operated, and maintained such that they do not restrict the
flow or storage capadty of the lOO-year flood or result in
washout ofany waste by a lOO-year flood; (2) facilities should
not be located in wetlands and shall not cause or contribute to
significant degradation of wetlands; (3) facilities should not be
located wllhln60 m (200 ft) of a fault in which displacement
has occurred In Holocene lIme-(I.e., since the end of the
Pleistocene); (4) faciUties should not be located in a seismic
impact zone (an area with a 10'll. or greater probabWty that the
maldmum horizontal gravitational acceleration Is) In Uthlfied
earth material wUl exceed 0.1 gin 250 years) unless all con­
tainment structures, liners, leachate collection systems, and
surface water control systems are designed to resist maximum
hOrizontal acceleration at the site; (5) for facilities located
In Unstable areas (areas with poor foundation materials, areas
susc:eptlble to mass movement, and karst terrain), It should be
demonstrated that engineering measures In such a facility's
design ensure the integrity of the structural componentS of that
facility. .

•

Prellinlnary
DelermiNtion

Potentially
relevant and
appropriate

PotentiaUy
relevant and
appropriate

Remarks

These requirements would not be
applicable because they sped- ­
fieally exciude the dlsposa1 of
source, spedal nuclear, and
by-product material (which Is
present at the site) as defined by
the Aiomlc Enl!llY Act of 1954, as
amended. However, beCauSe they
Identify generic recluuements for
disposal of soUd wasles, certain
requirements could be considered
relevant· and appropriate -to the

':--dlsposal of some nonhazar:dous~: ....",....;..,.,....".,....,.,.,.
waste &om the site because the
waste type and actions coUld be
considered suffidently similar.

These requirements wOuld not be
- applicable because they apply

only to owners!operators of
municipal soUd waste landfiU
units (units that receive household
waste or other RCRA Subtitle 0
waste, e.g., commercial solid
waste, nonhazardous sludge, and
industrial solid waste) and
becaUse they do not apply to
source, spedal nuclear, or
by-product material. Neverthe­
less, certain requirements could

_ be considered relevant and appro­
'priate to the disposal of some
nonhazardous waste &om-the site
because the waste type could be
considered sufficiently similar.
The conceptua1location for an
on-slte disposal ceU 15 not within
the established fault distance or in
a 100-year floodplain; the other
factors would be Incorporated into
the remedial design phase.
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Citation

Solid Waste Disposal Act,
as amended (42 USC 6901, .
et seq.); Criteria for
Municipal Solid Waste
Landfills (40 CFR 258),
Subpart C, Operating
Criteria

Action

Solid waste
disposal

•
Requirement

VarioUs operating criteria for owners and operators of solid
waste disposal facilities are established. Operating require­
menb include (1) procedures for precluding the placemmt of
hazardous wastes; (2) placement of at least 6 In. of cover
material over the waste at the end of each operating day;
(3) aiteria for disease vector control and explosive gas control;
(4) aiterla for meeting air quality requirements pursuant to the
Clean Air. Act, as amended; (5) .runon and runoff control
systems for preventing flow onto the active portion of the
landfill and coUection of flow from the landfill for the peak
discharge of a 25-year storm and a 24-hour, 2S-year storm,
respectively; (6) restriction of discharges to surface waters In
violation of the Clean Water Act, as amended; (7) prohibition
of bulk or noncontainerized free liquids; and (8) recordkeeplng
requirements.

Preliminary
Determination

PotentiaUy
relevant and
appropriate

Remarks

These requirements would not be
applicable because they apply
only to owners/operators of
municipal solid waste landfiU
units (units that receive household
wasil' or other RCRA Subtitle 0
wasil', e.g., commercial solid
waste, nonhazardous sludge, and
indUstrial soUd wasil') and
because they do nol apply to
source, special nuclear, or
by-product malerial. Neverthe­
less, certain requirements could
be considered relevant and appro­
priate 10 the dJsposa1 of some
nonhazardous WistI' from the site
because the wasle Iype could be
considered suffldenUy similar.
(The recordlceeplng requirements
would nol be ARARs because
they constitute administrative
requirements at a CERCLA sill';
nevertheless, the substantive
components would be addressed
as part of the standard record­
keeping practices for the project.)



TABLE G.3 (Cont.)

Citation Action Requ1rement
Preliminary

Determination Remarks

DIsposal facUlties should be designed and constructed such
that the maximum contaminant levels (MCLs) Identified below
are not eKceeded In the uppermost aquifer at the relevant point
of compliance as specified by the director of an approved slate,
or the facility should Include a composite liner and leachate
coUection system designed and constrUcted to maintain less
than a 3O-cm depth of leachate over the Uner. The composite
Uner should comlst of an upper fJeldble membrane Uner
instaUed in direct and, continuous contact with at least 2 ft of '
compacted soil with a hydraulic conductivity of no more than
10-7 em/s. "

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Criteria for
Mw\icipal Solid Waste
Landfills (40 CFR 258),
Subpart D. Design Criteria

•

Solid waste
disposal

Chemical

'Arsenic

~lJ!I'
Benzene
Cadmium
eatbontetrac~oride

Chronuuin (heKavalent)
2.4-Dlc~orophenoKY acetic add
J,4-DichJorobenzene '
1,2-DlchJoroethane
1,1-Dlc~oroethylene
Endrin
fluoride
Undane
Lead
Mercury
Methoxychlor
Nitrate

, " ..,",

•

Mel
(mg/l)

O.~
. 1.0

0.005
0.01
0.005
O.~

0.1
0.0'lS
0.005
0.007
0.0002
4
0.004
O.~

, 0.002
0.1

10

Potentially
relevant and
appropriate

These requirements would not be
appUcable because they apply
only to owners/operators of
mW\lclpal soUd waste landfill
units (units that receive household
waste or other ReRA Subtitle 0
waste, e.g., coaunerclal soUd
waste,riilnhaziuido'us sludge, and
JndustriaJ soUd waste) and
because they do not apply to
source, special nuclear, or .
by:product"material" Neverthe-:
less, certain requirementS coUld"" _._,--

be considered relevant and appro­
priate to the disposal of soine'
nonhazardous waste from the site,
because the waste type could be
cOl'lSidereci sufficiently similar.

•

£..
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TABLE G;] (ConL)

Cilation

(Conl.)

Action

•
Requirement

Preliminary
Determination Remarks

Chemical

Selenium
Silver
Toxaphene
1,1,1-Trichloromethane
Trichloroethylene
2,4,5-Trichlorophenoxy acetic add
Vinyl chloride

MCl
(mg/L)

0.01
0.05
0.005
0.2
0.005
0.01
0.002

The relevant point of compUance should be no more than
150 ft from the waste management unit boundary and on land

.owned by the owner of the facility. The point of compUance
is determined by cOMidering the local hydrogeology; volume,
physical, and chemical characteristics of potential leachate;
quantity, quality, and direction ofgroundwaler flow; proximity
and withdrawal rate of groundwater users; and availability of
an alternate water supply.



TABLE G.3 (Conl.)

Citation

Solid Waste DispoSal Act,
as amended (42 USC 6901.
et seq.); Criteria for
MunJcipal sOlid Waste
Landfills (40 CFR 258).
Subpart E. Groundwater
Monitoring and Corrective
Action

Solid Waste Disposal Act.
as amended (42 USC 6901.
tit seq.); Criteria for
MunJcipal Solid Waste
Landfills (40 CFR258),
Subpart F, Closure and
Post-Closure Care

Action

Solid waste
disposal

Solid waste
disposal

Requirement

Requirements are specified for groundwater monitoring. .
groundwater Sampling and analysis. detection monitoring. and
corrective action. 1lIe groWldwater monitoring system must
comprise a sufficient number of wells at appropriate locatiON
and depths to yield samples from the uppermost aquifer at the
site to determlne (1) background groundwater quality and (2)
downgradlent groundwater quality at the point of compUance.

Criteria for c1os~e of a landfill unJt and post.c1~care
requirements are specified. Cover system design requirements
at closure Include (1) an Infiltration layer .coMln.ided of a
minimum of 18 in. of earthen material with a permeablUty less .
than or equal to the permeability of the bottom liner system or
no greater than 1 lC tlrs em/so whichever Is less, and (2) an .
erosion protection layer of earthen material capable of
supporting native plant growth; or equivalents approved by
the director of an approved state program. Post-c:losure care
requires maintenance of the integrity of the final cover system,
the leachate collection system. groundwater monitoring. and
gas monitoring for a period of 30 years or as necessary 'to
protect human health and the environment. Management of the
leachate may be teJ'minated If the owner/operator
demonstrates that leachate no longer poses a threat to human
health and the environment.

Preliminary
. Determlnation

PotentiaUy
relevant and
appropriate

PotentiaUy
relevant and
appropriate.

Remarks

These requ.imnents would not be.
applicable because they apply
oniy to owners/operators of
municipal solid waste landfiU
units (units that receive hoUsehold
waste or other RCRA Subtitle 0
waste. e.g.• commercII" solid
waste, nonhazardous sludge, and
Industrial soUd waste) and
because they do not apply to
source, spedll1 nuclear, or . . .
bfproctue:t matertid: NeVerthe:"-

"less, certain reqUirements coUld
be considered relevant and appro­
priate to the disposalof some
nOnhazardous waste from·the site
because the waste type could be
consl4ered sufficieiltly similar, ._ •.

These requtrements would not be ...
applicable because they apply
only to owners/operators of
munJclpal soUd waste landfill
unJts (units that receive household'
waste or other RCRA Subtitle 0
waste, e.g., commercial solid
waste. nonhazardous sludge, and'
industrial solid waste) and
because they do not apply to

. source, spedal nuclear, or
by-product material. Neverthe-­
less, certain requirements could
be considered relevant and appro­
priate to the disposal of some
nonhazardous waste from the site
because the waste type coUJd be
considered sufficiently similar.

. ~ - -- .': '-; - . ~

~.-•.._. __ ... • .'
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Citation

Solid Waste Diiposal Act.
as amended (42 USC 690J,
et seq.); Criteria for
Municipal Solid Waste
Landfills (40 CPR 258),
Subpart C. Financial
A5Surance Criteria

MissOuri Solid Waste Rules
(10 CSR SO). Chapter 3,
Sanitary Landfills, Design
and Operation,. 3.010(1),
Ceneral Provisions

Missouri Solid Waste Rules
(10 CSRSO), Chapter 4,
Demolition landfills,
4.010(1). Ceneral Provisions

Action

Solid waste
dispasal

Solid waste
disposal

Solid waste
disposal

•
Requirement

Ceneral financial requirements are established for owners and
operators of municipal solid waste landfill units.

Requirements and methods are iclentiJied for ensuring that the
design, construction, and operation of sanitary landfills will
protect public health, prevent nuisances, and meet applicable
environmental standards.

ReqUirements and methods are Identified fur ensuring that the
design, construction, and operation of demolition landfills wiU
protect public health, prevent nuisances, and meet applicable
environmental standards. U techniques other than those listed
are used, the owner/operator should demonstrate In advance
that the techniques wiU satisfy the requirements.

Preliminary
Determination

Potentially
. applicable/
not anARAR

Not an ARAR

Potent/aUy
relevant and
appropriate

Remarks

These requirements would be
applicable for the owner of a com· .
mercial facility If slle waste met
the definition of a soUd waste and
the waste was disposed of In such
a facility. U the waste were
disposed of In an on-site facility,
these requin!lJientswould be
neither applicable nor relevant
and appropriate because the
federal government is specifically
ex~pt. from them•

.These requJrements would not be .
applicable because they do not
apply to source, special nuclear,
or by-product material. They
w.ouJd also not be relevant and
approPriate because they address
disposal requirements for
municipal waste, which contains .
considerable organic matter such
that site wilste is not sufficiently
similar.

These requirements would not be
applicable because they do not
apply to source, special nuclear,
or by.product material. However,
because they address demolition
and construction debris, brush
and wood wastes, sou. rock, can·
crete, and related Inert materials
that are relatively insoluble in
water, certain requirements could.
be considered relevant and appro­
priate to the diSposal of some
nonhazardous waste from flIe site
because the waste type could be
considered sufficiently siDUlar.

•



TABLE G.3 (ConL)

Citation

Missouri Solid Waste Rules
. (10 CSR 80). Chapter 4.

Demolition Landfills
4.010(2). Solid WasleS
Accepted

Missouri SoUd Waste Rules .
(10 CSR 80). Chapter 4,
Demolitlon Landfills.
4.010(3). SoUd WasleS
Excluded and Spedal
WasteApprovals

Missouri Solid Waste Rules
(10 CSR 80). Chapler 4.
Demolition Landfills,
4.010(4). SileSelection

Action

Solid waste
dJsposal

'Solid "'asfe
dJsposal

Solid waste
disposal

ReqUirement .

Only the foUowlng wastes should be accepted for disposal In a
permitted demolition landfW: demolition wastes. construction
wastes. brush. wood wastes, tires. inert plastics. soil, rock,
concrete. sand, gravel. asphaltic' concrete, 'cInderblodts, and
bricks. Other inert solids relatively Insoluble in water should
only be accepted in accordance with Subsection (3) of this rule
(see_ foDow-lng entry). DemoUtion.wastes sho!JId not conla1n
more than a minor amount of metals. Permils should specify
the types of solid wastes to be received and the procedures to
be employed for disposal of waste requiring special handling.

Administrative reqtilrements are Identlliedfor obtafning
approval 10 dispose of wastes not specifically listed In
Subsection (2) of this rule (see preVious entry).

Site selection and utiuUtion should comply with local zoning .
reqUirements. Study and evaluatlon of geologic and hydrologic
conditions and of the envlronmenlal effect upon projected use .

. of the completed landfill should be performed. Proposed
topographies at the landfill and area land use within 025 mi of
the landfill should be identified. as should the projected use of
the completed landfill. The hydrology of the site should be
evaluated to aDow design of the landfill such that Impacts to
surface water and groundwater resources are minlDUzed.
On-slte soils should be evaluated with respect to their suila­
blllty In terms of texture. plastidty. hydraulic conductivity. and
dept'" and the engineering properties of on-site bedrock
should be evaluated.

•

.Pre1lminary
Delermlnation

Potentially
applicablel
not an ARAR

PotentiaDy
applicablel
not an ARAR

Potentially
relevant and
appropriate

Remarks

·These requ.1reInents'would be
applicable If this soUd waste were
disposed of off-ilte in Missouri..
However. they would be neither
appUcable nor relevant and appro­
priate to on-slte actlons because
they const!tute a~stratlve
requirements at a CERCLA ,site.

,These.requfmnentswould_be,
appUcable If~ soUd wastewere _
disposed of off-site-in Missouri;
However. they would be neither
applicable nor relevant and appro­
priate to on-slte actiOl1$ because
they constitute aduUnlstrative
requlrementut It CER<;LA sile.,

These requirements would not be
·applicable because they do not
·apply to source. special nuclear.
or by-product materi;d. However,
because they address demolition
and construction debris. brush
and wood wastes, solt rock. COll-.

crete, and related Inert materials
that are relatively Insoluble in _
water. certaJn requirements could ­
be considered relevant and appro.
priate to the disposal of some
nonhazardous waste from the site
because the waste type could be
considered sufficiently similar.

•._---_.-.- _. -. -- --_._----_._-~,.-,---
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TABLE G.3 (ConL)

Citation

Missouri Solid Waste Rules
(10 CSR SO), Chapter 4.
Demolition landfills,
4.010(5), Design

Missouri Solid Waste Rules
(10 CSR SO), Chapter 4,
Demolition Landfills, .
4.010(6), Survey Control

ACtion

Solid waste
dispoSal

Solid waste
disposal

Requirement

A minimum SO-ft buffer zone between the landfill operations
and the property boundary should be maintained. Plans for
design, construction, and operation should be prepared or
approved by a professional englneei'.

Benchmarks, horizontal controls, and boundary markers should
be established by a land surveyor to check and mark the loca·
tion and elevations of the landfill; these feahires should be
mabltalned.

Preliminary
Determination

Potentially
relevant and
appropriate

Potentially
relevant and
appropriate

Remarks

These requirements would not be
applicable because they do rot .
apply to source, special nuclear,
or by-product material. However,
because they address demolition
and construction debris, brush
and'wOOd wastes, soI,I, rock, 'con'­
crete, and related inert materials
that are relatively insoluble in
water, the buffer zone require­
ment could be considered relevant
and appropriate to the disposal of
some nonhazardous waste from
the site because the waste type
could be considered suffidently
similar. (The preparation and
approval of plans would not be
ARARs for an on-site action
because they constitute admini­
strative requirements at a
CERCLA sfte; nevertheless, the
substantive components would be
addressed as part of standard
project planning.) . .

These requirements would not be
applicable because they do not
apply to source, special nuclear,
or by-product material. However,
because they address demolition
and construction debris, brush
and wood wastes, soI,I, rock, can- .
crete, and related inert materials
that are relatively insoluble in
water, certain requirements could
be consfdered relevant and appro­
priate to the disposal of some
nonhazardous waste &om the sfte
because the waste type could be
considered suffldently sfmilar.

•
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TABLE G.3 (ConL)

Citation

Mj§50uri Solid Waste Rules
(to CSR 80), Chapter 4,
Demolition Landfills,
4.0tO(7), Water Quality

Action

Solid waste
disposal

Requirement

The location, design, COl6truction, and operation of the
demolition landfill should minimize envlronniental hazards
and conform to applicable ground and surface water quality ,
standards and requirements. On-slte dramage structures and
channels should be designed to prevent flow onto the active
portion of the landfill during peak dlscharge &om at least a
2S.year storm and to collect and control at least the water
volume resulting &om a 24-IIour, 25-yearstorm. If thelandflU '
is located in a f100dplam, It should be protected agaimt the
tOO-year flood by dikes or other measures to prevent flood
wastes &om contacting the soUd waste, but these structures
should not restrlc,tthe flood flow from the lOO-yearflood., The
landfill cells should be graded and operated to promote rapid
runoff without excessive 'erosion. A leachate collection system
to collect andlor remove leachate should be,col6tructed of
materials that are chemically resistant to the waste and
expected leachate and are of suffldent strength and thickness
to prevent collapse, and it should be designed and operated to
prevent' clogging; the leachate should flow by gravity Into col­
lection sumps. The leachate collection system should be main­
tained for a 2o-year post-Cl05ure period or as necessary to
prevent dlscharge of leachate and/ar contamination to surface
water or groundwater. Leachate dlscharge should be In
accordance with the Oean Water Act. The 1andfill should have
bottom and side liners designed to minimize migration of
leachate and should be constructed of either (I) soU compacted
to a minimum thickness of 2 It to 95% standard Proctor density
at moisture content between 2'Yo below and 4% above

,minimum with a coefficient of ~eabilityS10-6 cmls or
,(2) man-made liner material with chemical properties and
strengthI thickness sufficient to prevent failure as a result of
pressure gradients, phYSical contact wIth the wasle or leachate,
climatic condltions, and the stress of Installation and dally
operations. The owner/operatar may be exempt &om these
design requirements If the design utilized will minimize (to the
satisfaction of the Ml§50uri Department of Natural Resources)
migration of waste constituents Into groundwater or surface
water as effectively as the m.lnImum standards set forth above.

'.

Preliminary
Determination

Potentially
relevant and
appropriate

Remarks

These requirements would not be '
appUcable because they do not
apply to source, spedal nuclear,
or by-product material. However,
becaUse they address demolition
and construction debris, brush
and wood,wasles, soli, rock, con­
crete, and related Inert materials
that are relallvely insoluble In
water, certain requ1ftments could
be considered relevant and appro- ,
priate.to the_dl~ofsom,!! ,
nonhaza,rdoUs wasle&om the site
becauSe the waste Iype could be
considered sufficiently similar.

•
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TABLEG.3 (Cont.)

Citation

Missouri Solid Waste Rules
(10 CSR SO), Chapter 4,
Demolition Landfills,
4.010(8), Groundwater
Monitoring

Missouri Solid Waste Rules
(10 CSR 80), Chapter 4,
Demolition Land fills,
4.010(9), Air Quality

Action

Solid waste
disposal

Solid waste
disposal

•
Requirement

The ownerloperator should implement a groundwater moni· .
toring program capable of detennlniJlg the demolition landJill's
impact on the quality of the groundwater underlying the land·
fill. nus system should consist of at least one background and
three downgradient weDs cased to maintain the integrity of the
monitoring well borehole, and the weDs should be sampled
quarterly and annually for spedlied indicator parameters.
A remedial action plan should be developed if ill statistically
significant difference In groundwater quality is detected.

The design, coristruction, and operation of the landfiU should
. minimize environmental hazards and conform to applicable

ambient air quality and source control regulationS.

Preliminary
.Determination

PotentlilUy
relevant and
appropriate

PotentiaUy
relevant and
appropriate

Remarks

These requirements would not be
applicable because they do not
apply to source, special nu<;lear,
or by-product material. However,
because they address demoUtion
and construction debris, brush
and. wood wastes, soil. rock, con­
crete, and related Inert materials
that are relatively Insoluble In
water, certain requirements could
be considered relevant and appro­
priate to the disposal of some
nonhazardous waste from the site
because the waste type could be
considered sufficiently similar.
(Although preparatlonof the
plan would not be an ARAR for .
an on-site action because it
would constitute an adminis­
trative requirement at a CERCLA
site, the substantive components
would be addressed as part of
good management practice for
the project.)

These requirements would not be
applicable because they do not
apply to source, special nuclear,
or by-product material. However,
because they address demolition
and constiuction debris, brush
and wood wastes,soil. rock, con­
crete, and related inert materials
that are relatively Insoluble In
water, certain requirements could
be considered relevant and appro­
priate to the disposal of some
nonhazardous waste from the site
because the waste type could be
considered sufficiently similar.

•



TABLE G.3 (Cont.)·

Citation

Missouri Solid Waste Rules
(10. CSR 80), Chapter 4.
Deinolition LmdliJls,
4.010(13), Cover

. .e.

Action

Solid waste
disposal

Requirement

The landllli should be covered to miniJnlze lire hazard, infil­
tration of preclpitatiol\ odorS andblowinB litter; control gas
venting and vectors; discourage scavenginB; and provide a
pleasing appearance. Surface grades and side slopes should
nOt exceed a ratio of 3;1 (horizontal to vertical). The flnaJ
cover should be at least 2 ft of compacted cap overlain
by 1 ft of soil capable of supporting vegetative.growth.

••

PreUminary
Determination

PotentlaUy
relevant and
appropriate

Remarks

These requ1reIIIents would riot be
. applicable because they do not

apply to source. special nuclear.
or by-product II\iIterial. However;
because they address deDIolition
and construcllon debris. brush
and wood w.tes. 5011, rock. con­
crete, and related Inert materials .
that are relallvely Insoluble in
·water. certain requilelnents could
be CONidered relevant and appro­
priate to the clI~ of~e. ..'
nonhazardous waste &om the site
because the waste type could tie .
considered sufficiently siIniIar.

••
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TABLE G.3 (Cont.)

Citation Action

•
Requirement

PreUminary
Determination Remarks

•
A waste should be evaluated to deteniUne if It is a hazardous
waste, i.e., either a waste listed in this requirement or a
characteristic waste. Listed wastes are defined in terms of the
source, prior use, or process type that resulted in the waste
material. The three groups of listed waste are (1) waste from
nonspecific sources (F waste codes), (2) waste from specific
sources (K waste codes), and (3) discarded commercial
chemical-products.- off-specification species, container residues,
and Spill residues thereof (P and U waste codes). A character­
istic waste is determined by Its (1) Ignltability (defined by flash
point, oxidizer, and other); (2) cOlTOSivlty (defined by pH S.2 or
~t2.5, rate of steel corrosion, and other); (3) reactivity (defined
by instability, violent reactlon wIth water, explosivity, cyanide­
or sulfide-bearing nature with vapor generation potentlal, and
other); or (4) leachabOlty (defined.by an established toxicity
characteristic leachate procedure (TClP)). The foUowing table
lists the concentratlons of spedflc conta:minants in leachate

. from a representative waste sample in which the toxicity
characteristic is exhibited:

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Identification and
Listing of Hazardous Waste
(40 CFR 261), Subpart C, ­
Characteristics of Hazard­
ous Waste; Subpart D, list
of Hazardous WasteS-

Hazardous
waste charac-­
terization and
management

Contaminant

ArsenIc
Barium
Benzene
Cadmium
Carbon tetrachloride
Chlordane
Chlorobenzene
Chloroform
Chromium
o-Cresol
m-Cresol

- p-CresOl
Cresol

Concentration
(mg/l)

5.0
100.0

0.5
1.0
0.5
0.03

100.0
6.0
5.0

200.0
200.0
200.0
200.0 ---

PotentiaUy
. applicable

This requirement would be appli­
cable-to the characterization and
management of material generated
by the aetlon. Contaminated
material at the site has been and
will continue to be evaluated to
deteniUne whether the prerequi­
slte5for-deflnltlon as hazardous
waste are met from either the
listed definition or the character­
istlc definitlon. The concentra­
tions of certain chemicals, such as
2,4-dinitrotoluene in the leachate
of some soU fractions (e.g., from
the quarry), are expected to
exceed the limits identified for
characteristic waste, so some site
material would be defined as
such. To determine If site waste is
II listed hazardous waste, specific
information is used regarding the
waste, such as the source, prior
use, and process type determined
within the scope of the CERClA
investigation. Records or other
specific information must be avail­
able to Identify the source of the
waste in order to determine that
the waste is a listed hazardous

_waste. No listed waste has been
Idenlified at the site; the con­
tainerized chemicals stored in
Building C4 continue to be
evaluated.



TABLE G.3 (Cont.)

Citation

(Cont.)

Action Requirement

.Contaminant

U-DichlorophenOxy acetic add
1,4-Dichlorobenzene
1,2-D1chloroethane
],]-Dichloroethylene
2,4-Dinl trotoluene
Endrin
Heptachlor (aild ItS epi:lldde)
Hexachlorobenzene

.Hexachlorobutadlene
HexachlOroethane
Lead
Undane
Mercury
Methoxychlor
Methyl ethyl ketone
Nitrobenzene
Pentachlorophenol.
Pyridine
Selenium
'Silver
Tetrachloroethylene
Toxaphene
Trichloroethylene
2,4,>Trlchlorophenol
2.4,6-Trlchlorophenol
2,4.>Trichlorophenoxy acetic

acid (Sllvex)
Vinyl chloride

Concentration
(mg/l)

10.0
7.5
0.5
0.7
0.13
0.02·
0.00II
0.13
0.5
3.0
5.0
0.4
01

]0.0
200.0

2.0
]00.0

5.0
1.0
5.0
0.7
0.5
0.5

. 400.0
2.0

].0
0.2

Pre1hninary
Determination Remarks

• '. •



•
TABLE G.3 (Cont.)

Citation

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Standards for
Owners and Operators of
Hazardous Waste Treat­
ment, Storage, and Disposal'
Facilities.(4O CFR 264),
Subpart B, General FadJlty
Standards

Action

Hazardous
waste
treatment,
storage, or
disposal

•
Requirement

General'requlrements are established for locating and Inspect.
ing treatment, storage, and dJsposal facilities for hazardous
waste; determining waste compatibility; and training workers.
Location requirements include (1) facilities should not be
located within 61 m (200 ft) of a fault In which displacement
has occurred In Holocene time (I.e., since the end of the
Pleistocene) and (2) facilities located In a l00-year floodplain
should be constructed, operated, and maintained to prevent
washout of any waSte by a l00-year flood.

Preliminary
Determination

Potentially
applicablel
relevant and
appropriate

Remarks

Certain of these requltements
would be applicable to the treat­
ment or storage of site waste that
meets the prerequisites for defini­
tion as hazardous waste. The sub­
stantive treatment and storage
requltements are bemg addressed
for on-slte areas designated'as
temporary haZardous waste facili·
ties, e.g.. BuDding 434 and the
'ISA. These temporary fadlities
and the conceptual locallono; of
an on-site treatment facility and
disposal ceU are not within the
established distance to such a
fault displacement or in a l00-year
floodplain. The treatment facility
requirements would be applicable
to the characteristic hazardous
waste, but the disposal facility
requltements would not because
such waste would have been
treated 50 that It no longer met
the definition of hazardous waste
(I.e., It would no longer exhibit
the characteristic). These require­
ments would be applicable If
listed waste were disposed of
on-site, but no listed waste has
been identified. However, even
if site waste did not meet the
prerequisites for definition as
hazardous waste, the location­
specific requirements could be
considered relevant and appro­
priate on the basis of sufficient
similarity of the waste and
purpose 01 the requIrement.

•



TABLE G.3 (ConI.)

Cltalion

SoUd Waste Disposal Act,
as ameOded (42 USC 6901,

. el seq.); Standards for
Owners and Operators of
Hazardous Waste Treat­
ment, Storage. and Disposal
Facilities (40 CPR 264),
Subpart C, Preparedness
and Prevention; Subpart 0,
Contingency Plan and
Emergency" Procedures

8-. "

Action

Hazardous
waste
treatment,
storage, or
disposal

Requirement

Treatment, storage, and disposal factlilies for hazardous waste
should be designed, constructed, maintained, and operated to
minimize the possibility of a fire, explcislon, or any unplanned
sudden or nonsuddenrelease of hazardous waste (or con­
stituents) to air or water that could threaten human health or
the environment. A contingency plan should be In place and
emergency proeedures should be fm"plemented to minfmize
releases of hazardous waste &om such a facillty.

...

e·

Preliminary
Determination

PotentiaUy
appUcablel
relevant and
appropriate

RemarkS

These requirements would be
appUcable to the treatment or
storage of site waste that meets
the pm:equIsiles for definition as
hazardous waste. The substantive
treatment and storage require­
ments are being addressed for
on-slte areas deslpted as tempo­
rary hazardous waste fadlfties
(e.g., Building 434 and the TSA).
11le disposal requi.rements would
be appUcable~iI Usted waste were
disPosed' of on-Siie, but nO Usted
waste. has been Identified. After
treatment of the characteristic
waste, the~ requJreinents
would not be appUcable because

. the waste would no longer meet
.the definition of hazardous waste.
H~wever, even If sill! waste did
not meet the prerequisites for
definition as hazardous waste,
certain requirements could be
considered relevant and appre;
prfate on the basis of suffident
slmf1arfty. (The contingency
plan would not be an ARAR for
an on-site action because it

.would constitute an adminis­
trative requirement at a CERCLA
site; neVertheless. Such a plail
would be prepared as part of
good management practice for
the project.)

•
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TABLE G.3 (Cont.)

Citation

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Standards for
OWners and Operators of
Hazardous Waste Treat­
ment, Storage, and DispOsal
Facilities (40 CFR 264), .
Subpart E, Manifest System,
Recordkeepirtg, and
Reporting

Action

Hazardous
·waste treat­
ment, storage,
or disposal

•
Requirement

Various administrative requlrements are established fOr
treatment, storage, and disposal of hazardous wastes.

Preliminary
Determination

PotentiaUy
applicable/
not anARAR

Remarks

These requirements would be
appUcable if site waste that meets .
the prerequl.slles for definition as
hazardous waste was treated,
stored, or disposed of in an off­
site facility. The off-sfte transport
of specUic Uquldwaste, e.g.;"to a
pennlttedindnerator, would be
conducted In accordance with
pertinent requirements (see
discussion of transportation
requirements In this table). If
the waste was treated, stored, or
disposed of In an on-site facility,
these requirements would be
neither appUcable nor relevant
and apProprIate becaUse they con­
stitute administrative require­
menlS for an on-slte CERCLA
action. Nevertheless, various
administrative requirements are
cunently being addressed for .
on-site areas designated as tempo­
rary hazardous waste facllitU!s,
e.g., BuDding 434 and the TSA,
and they would continue to be
addressed as appropriate for the
action.

•



A groundwater monitoriJIB system shOuld btl maintained for a
hazardous waste management unit such as a surface impound­
ment, waste pile, land treatment unit, or landfiU. An exemp- .
tion to continued maintenance of this system during the post­
clOsure period of the unit may be appropriate if the unit 15 an
engineered structure; does not receive or contain liquid waste
or waste'COntainJng free liquid; .Is designed and .operated to
exclude liquid, precJpltatlon, and-other runon and runoff; has
both an inner and outer containment layer with a leak detec­
tion system; is maintained to dJsallow migration beyorid the
outer containment layer before the post-closure care period;

.and monitoring results do not Identify a statistically significant
Increase In hazardous constituents In the upper aquifer during
the operational life of the impoundmenl Where multiple regu­
lated units are present at a' (acWty, the point of compliance for
this monitoring can be taken as the circumscription of all of
these units. 'The concentration of a hazardouS constituent in
the uppermost aquifer beneath'. regulated unit is not to exceed
the existing background concentration or the maximUm concen­
tration listed in the following table If higher than the back­
ground level. or an alternate concentration limit, Unless an
exemption is appropriate..

TABLE G.3 (Cont.)

Citation

Solid Waste Disposal Act,
as amended (42 USC 6901, .
et seq.); Solid Wastes
(40 CFR 264), Subpart P,
Releases from Solid Waste
Management Units

•

Action

Hazardous
waste disposal

Constituent

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

Requirement

Concentration
(lIgfL)

50
1,000

10
50
50

2
10
50

•

, .,
Preliminary

Determination

Potentially
applicable/
relevant and
appropriate

Remarks

These requirements would be
applicable if listed waste were
disposed of on-slte, but no listed
waste has been identified. Alter
treatment of the characteristic
waste, these requirements would
not be appUcable to disposal
because the waste would nO
longer meet the deftnltiori of
hazafdous waste. However, even
if site waste did not meet the
prereqwsites for definition as' --.... ' --' .. - , .
hazardous waste, certain.r~" C'" -.'-."'--"-,'-

.ments could be considered
relevant and appropriate on the
basis of suffldent simUarity.
(Por CERCLA actions, the point of ­
compliance for multiple sources in .
close geographical proximitfcan"~
be taken as the circumSCription of .
allsuch sources. Por the current
.remedial action, this drcumscrip­
tion would encompass the entire
former ordnance works facility,
which includes both the Weldon
Spring site and the adjacent Aimy

, NPL site.)

......
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TABLE G.3 (Cont.)

Citation

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Standards for
Owners and Operators of
Hazardous Waste Treat­
ment, Stor~ge, and Disposal
Facilities (40 CFR 264),
Subpart G, Closure and
Post·Closure

. Aclion

Closure of
hazardous
waste facilities

•
Requirement

A waste facility such as a land disposal unit should be dosed
In a manner that controls, minimizes, or eliminates post-closure
escape of hazardous material, leachate, contaminated nmoff, or
hazardous waste decomposllion products to groundwater,
surface water,.or the atmosphere to the extent necessary to
protect human health and the enviro,nmenl C105UJ'l!plans and
post.closure piails for 3O-yw eire (including contingency plans
for surface Impoundments and waste pileS) should be
developed for hazardous waste fad1ilies; survey plats should
be prepared In Identify the locations of disposal unit(s) and
permanent benchmarks, with a note regarding the operalnr's
obligation to restrict dis.turbance of the disposal unit. Other
administrative requirements are also Identified.

.f""

PrelimiNry
Determination

Potentially
applicable!
relevant and
appropriate

Remarks

Certain of these reqUirements
'Would be applicable to units that
are used to manage hazardoUs
wastes for treatment or storage,
and the subslantiverequ!rements
wOuld be addressed for the
closure of such facWlieS. "They
would also be appUcable for dis­
posal units If listed waste were
disposed of on-site, but no listed
waste has yet been ldentllled.
After treatment of the charac­
terislic waste, these requirements
would not be appUcable to dis­
posal because the Wll!lte would
no longer meet the definllion of
hazardous waste. However, even
If site waste cUd not meet the
prerequisites for definition as
hazardOus waste, certain reqUire­
ments could be considered rele­
vant and appropriate on the basis
ofsuffident similarity. (The
preparalion of plans and other
administrative requirements
would not be ARARs for an
on-slte action because they
conslitute admlnIstrative
requirements at a CERCLA site;
nevertheless, the substantive
components of such plans would
be addressed liS part of good
management practice for the
projecl)

•
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TABLE G.3 (ConL) .

Citation

Solid Waste Disposal Act.
as amended (42 USC 6901.
et seq.); Standards for
Owners and Operators of
Hazardous Waste Treat­
ment, Storage. and Disposal
Facilities (40 CPR 264).
Subpart H. financial
Requlrements

Solid Waste Disposal Act.
as amended (42 USC 6901.
et seq.); Standards for
Owners and Operators of
Hazardous Waste Treat­
ment, Storage. and Disposal
Facilities (40 CFR 264).
Subpart .. Use and Manage­
ment· ofContainers

•. ----

Action

Hazardous
waste treat­
ment, storage.
or disposal

Hazardous
waste storage

Requlrement

General financial requirements are established for owners and
operators of hazardous waste fadllties. Including storage
fadlitles.

Containers used to store hazardous waste should be closed and
In good condition. The storage facility fOf hazardous wast~

.. should include a containment system with an· imperviouS base
designed and operated to drain liquid that could result from
leaks. spills. or precipitation, unless containers are located such
that they would not contact accumulated liquid. The contain­
ment system should have suffldent capaeltyto contain 10% of
the volume of the containers or the volume of the largest
container. Whichever Is greater (containers that do not contain
free ilquid need nOt be considered In this determination). The
facility should also contain a collection area for drained liquid
and a runon prevention system. unless the collection system
has sufficient exceSs capacity to contain any nmon. Storage
areas with containers holding only wastes that do not contain
free liquids do not require such a system. proVided that the
area is designed to drain and remove liquids frOm precipitation
or that containers are protected from contact with liquids.
Incompatible wastes should be separated. and weekly inspec­
tions should be made. UpOn dosure. all hazardous waste
should be removed from the containment system. as should
remaining containers. liners. bases. and soU contaminated with
the waste or waste residues.·

••

Preliminary
Determina~on

Potentially
applicable!
not anARAR

Potentially
applicable!
relevant and
appropriate

Remuks

These requirements would be
applicable. I.e.• for the own~!
operator of a commercial fadlity
If site waste that meets the pre­
requisites for deftnltion as hazard­
ous waste. was treated, stored, or
dispOsed of In such a f3dHty. If
the waste were treated, stored, or
dispOsed of In an on-sfte facility.
these requirements would be

. ndtheiappUcable noiiel~ant

and appropriate because the .
federal govemmentls"5peclflcally
exempted from them. .

These requirements would be
applicable fo~ site waste ~t ..
meets the prerequisites for defini­
tion as hazMdous waste (no listed
waste has been identifled)~ The
substantive requlrements have
been addressed for the design,
construction. and operation of
teD\porary storage facilities. such
as Bullding 434 and the TSA. and
they would also be addressed for
their closure. ·For site waste that
did not meet the prerequisites for .
deJinition as hazardous waste.
these requirements could be
·considered relevant and app~
prlate on the basis of sufficient
similarity..

•

C)
I......

·.0
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TABLE G.3 (Cont.)

Citation

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Standards for
Owners and Operators of
HaZardous Waste Treat­
ment. Storage, and DisposaJ
Facilities (40 CFR 264);
Subpart J, Tank Systems

Action

Management
and c1osW'e of
hazardous
waste tanks

•
. Requirement

Tank systems used to sto~ or treat hazardous waste should
have sufficient strength. spill and overfill prevention. and
corrosion protection. and they stm.dd be Inspected regularly.
Such systems should also have a 5«oOOary containmenl
system (e.g., a double wall, exlemaillner, vault,. or equlvalent)
designed, installed, and. operated to prevent migration of
wastes or accumulated Uquld out of the system and capable of
detecting and coUecting releases until the coUected.materiails
removed. The secondary containment system should consisl of
material compatible with the wastes and of sufficient sb'ength
and thickness to prevent failure frOm pressure gradients,
physical contact with wastes, cUmatic conditions, and dally
operations. Closure plans should be prepared, and system
components, waste residues, and contaminated soD should be
removed or decontaminated upon closure. .

·Prellminary
Determination

Potentially
appUcablel
relevant and
appropriate

Remarks

These requirements would be
applicable to the treatment or
storage of site waste that meets
the prerequlstlleS for definition as
hazardous waste. 1lle substantive
treatment and storage require­
ments are being addr'es5ed for
on-site tanks (e.g., the tributyl
phosphate tanks), and closure
requirements would be stmllarly
addn!ssed. For site waste that
did not meet the prerequisites for
definition as hazardous waste,
certain requirements could be
cormdered relevant and appro­
priate on the basts of sufficient .
similarity. (The requirelnent for
preparing closure plam would not
be an ARAR for an on-stte action
because It constitutes an adminis­
trative requirement at a CERCLA
site; nevenheJess, Ihe substantive
components of such plans would
be addressed as part of good
management practice for the
project.)

•



TABLE G.3 (Conl.)

Citation

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq,); Standards for
Owners and Operators of
Hazardous Waste Treat­
ment. Siorage, and Disposal
Facilities (40 CFR 264'as
amended by 57 Federal
Register 3462), Subpart K,
Swface Impoundments

• '

Action

Hazardous
waste
treatment,
storage, or,
disposal

,-

Requirement

Unless an exemption for an equivalent design and operation Is
appropriate, a surface Impoundment should contain (1) a com­
posite double liner designed to prevent failure due to pressure
gradients, waste' contact, cllma,tic conditions;or stress from
blstaUation/operation; the liner must contain both an upper
membrane liner and a bottom composite Uner consisting of a
geomembrane underlain by at least 3 ft of recom~tedclay or
other natural material with a permeability of Sl0"7 em/s (or
equivalent); (2) a leachate coUection system between the Uners
and a leak detection system; and (3) a ,base capable of

, supporting the liner to pr~v~t falJure due to settlement,," •
compression, or upUft. The leak detection system should have
a bOllom slope of at least 1% and meet mInlmumdesign
criteria for thickness and hydraulic transmissivity, dependJnl
on the material used (synthetic drainage material or granular
material). In addition, the Impoundment should Include dikes
and other controls to prevent overtopping. overfilUng. wind
dispersal, rainfaU, and nanon. The Impoundment should be
inspeCted weekly and after stOrms during operation, and
closure and contingency plans smUldbe developed. Upon
closure, system components, waste residues, and contaminated
subsoils should be removed, or remaining waste should be
solidified and stabilized to a bearing capacity sufficient to'
sUppOrt a fina1 cover designed and constructed to (1) have a
permeability not to exceed that,of the bottom liner syStem;
(2) promote drainage and mJnim1ze erosion or abrasion of the
cover; (3) minimize long-term migration of liquids through the
Impoundment; (4) accommodate setling and subsidence; and
(5) function with minimum malntenance. The integrity ofthe

, Impoundment should be monitored and maintained, e.g"
runonlrunoff should be prevented from damaging the cover,
and a groundwater'monltoring system should be maintained
(see the preVious discussion of Subpart P In this table).

, Preliminary
Determination

Potentially
applicable/ ,
relevant and
appropriate

Remarks

These reqWrements would ,.,e
applicable to the treatment or
storage units U the site waste
meets the prerequisites for
definition as hazardous waste.
These requirements would be
applicable Ulisted waste were
managed oo-slte, but no listed
waste has been Identified. , After
treatment of the characteristic
waste, the disposal requirements

. wOuld not be appUcable because .
the waste would no longer meet' ,.

. the definition of hazardous'Waste.
However, even U site waste did
not meet the prerequisites for
definition as ,hazardous waste,

__ . certain require!nents could be.
~onSldered relevant and ap'~
priate on the basis of sufficient
similarity.

•
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TABLE G.3 (Cont.)

• •
Preliminary

Citation Actlon Requirement Determination Remarks

Solid WasIe Disposal Act, Hazardous Requirements are, established for the design, construction, Potentially These requirements would be
as amended (42 USC 6901, waste storage operation, and closure of waste piles used to store hazardous applicableI applicable If site waste that meetS
et seq.); Standards for waste. Hazardous waste piles not inside or under a structure relevant and the prerequisites for definition as
Owner.; and Operators of providing protection from precipitation, runon, leachate appropriate hazardous waste (rio listed waste
Hazardous Wasle Treat· generation, and wind dispersal should be designed and has been Identified) was stored In
men!, Storage" and Disposal operated as follows. PUes that could be subject to wind a waste pile. In this case, the
Facilities (40 CFR 264 as c1ispersal should be covered or otherwise managed. Uilless an pertinent reqUirementS would be
amended by 57 Federal exemption for an equivalent design and operation Is appro- addressed. U slte'waste did,not
Register 3462), Subpart L, priate, the pile should contain (1) a composite doubl,e liner meet the prerequisites for definl·
Wasle Piles designed to prevent failure due to pressure gradlents, waste tion as hazardous waste, certain

contact, climatic conclitions, or stress from installationI requirements could be considered
operation; (2) a leachate collection and removal system above relevant and appropriate on the
the liner to ensure that the leachate depth over the liner does basis of sufficient similarity.
not exceed 1 ft, designed and constructed to prevent collapse
and function without clogging; and (3) a base capable of
supporting the liner 'to prevent failure because of settlement,
compressions, or uplift. In addition, the pile should Include C)

I

nmon and runoff control systems to address the peak dis·, ;:j
charge from a 2>year storm and a 24-hour, 2S-year storm,
respectively. The pile should be Iilspec:ted weekly and after
storms during operation, and closure plans and contingent
post-Cl05ure plans should be developed. Upon closure, system
components, waste residues, and contaminated subsoils should
be removed. If, after removing aU residues and makirig all
'reasonable efforts to remove or decontaminate contaminated
components, subsoUs, structures, and equlpment, not all su~
soils can be practicably removed, the facility should be closed
In accordance with the closure and pOst.closure care require-
ments that apply to landfills (see discussion of Subpart N In
this table).

Solid Waste Disposal Act, Hazardous Various requirements are Identified for (1) prior demonstration Not an ARAR These requirements would be
as amended (42 USC 6901, waste of treatment effectiveness; (2) location, depth, and monitoring neither applicable nor relevant
et seq.); Solid Wastes lreabnent of the treatment zone; (3) runonlrunoff control systems and and appropriate to the remedial
(40 CFR 264), Subpart M, wind dispersal control; and (4) closure and post-d05ure care. action because land treatment is
Land Treatment not a component of the action.
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TABLE G.3 (Cont.)

Citation

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Solid Wastes
(40 CFR 264 as amended by
57 Federal Register 3462),
Subpart N, Landfills

Action

Hazardous
waste disposal

RequJrement -

Uquids .should nOt be placed In a landfill, nor should
containers holding free IIqwds unless all ~standlng IIquld
has been removed, mlJ(ed with abSOJbent or solidified. or
otherwise eliminated. RequJrements for design. constrUction,.
and operation of new landfiU units are similar to those
described for swface Impoundments. Induding requirements
for the Uner, Inspection and monitoring dwlng operations, and
closure and post-dosure care (see dfscusslon of Subpart K In
this table). -

••

Prelimiriary
Determination

Potentially
applicable!
relevant and
appropriate!
not an ARAR

Remarks

The preliminary determination
varies, depending on the specific:
application of these requirements. ­
These requIrements would be
applicable U listed waste were
disposed of on-site, bUt no listed
waste IW been Idenlilled. Aftt;i
treatment of the characteristic
waste, the dfsposaJ requirements
wOuld not be applicable because
such waste would no longer meet

, the deftnftlon of hazUdOuS\'iaste.·
_. --However, evell'U'slte'Wlste"'diii"'."'·=':c-=,-,,­

not meel the prerequisfles for - .~.

deftnftion as hazardous wasle, -
certain requirements-could be
considered relevant and appro-
priate on the basis of sufficient ,_
similarfty and purpose. HoweveT,
for the chemical stabllization!
solidification alternative, the
~standing liquid requlrement
would be relevant but nol appro-
priate becauw of the-nature of
the treatllCi waste•. If It were not
handled Wet through placement in
the cell (where It would subse-
quently solidify). this waste would
be susceptible to radon and par-
ticulate emfsslol\'5 that could pose
a slgnllicant health threat to
workers. In addition, emplacing
the material In a wet form would
allow It to move Into openings in
the other waste. minimizing the
total disposal volume; this alter"
nate method would also increase
the overall d~ty of the finaJ
waste form. thereby improving
the structural integrity of the _
ceil compared with the Indlcated'-
method.
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Citation

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Solid Wastes
(40 CFR 264), Subpart 0,
InCinerators

Action

Hazardous
waste
incineration

•
Requirement

Hazardous waste to be Incinerated should be analyzed for
principal organic hazardous constituents, and the incInerator
should be operated to meet a destruction removal efficiency of
99.99'Yo for each principal Organic hazardous constituent listed
for the action aruf a destruction removal effidency of 99.9999%
for certain listed waste containing chlorinated phenol and
benzene compourids. Ii the incinerator emits >1.8 Itg/h of
hydrogen chJoride(HCI)from the stack, emissions should be
controlled to the larger of this rate or 1% of the HCI in tlle
stack gas prior to encountering pollution control equipment; in
addition. tlle Inclrierator should not emit particulate matter in
excess of 180 mg/m3 air (corrected for oxygen). The inciner­
ator should be permitted, and bial burns should be conducted
to assess effectiveness; perJnltted conditions would address tlle
following: feed rate, combustion temperature, fugitive
emission controls, and the level of carbon monoxide in the
exhaust gas. Frequent monitoring and inspect/on would also
be required, and, upOn closure, all hazardous waste and
residues should be removed. '

.Preliminary
'Determination

Potentially
applicablel
relevant and
appropriate

These requirements would be .
applicable If site waste tllat meets'
the prerequisites for definition as
hazardous waste (00 listed waste
has been Identilled), suelt as a
liquid containing chlorinated
organic compounds, was incin­
erated. Evenlf.sit!! ".,aste did nol
meet the prerequisites for defini·
tlon as hazardous waste, certain
requirements could be considered
relevant and appropriate on the
basis of sufficient similarity. If the
waste were Incinerated at an off­
site facWty, these requinments
would apply at that facility. If the
incinerator were located on-slte, II

permit would oot be required
because the action would can.
stltute an on-site CRRCLA act/on;
however, tlle substantive require­
ments of such a permit would be
addressed. The requinments
could also be considered relevant
and appropriate to the vitrification
alternatives because vitrification
might be considered somewhat
similar to an incinerator, in which
case the pertinent requirements.
would be addressed.

•



TABLE G.3 (Coni.)

Citation

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Solid Wastes
(40 CFR 264), Subpart "­
Miscellaneous Units

Solid Waste Disposal Act,
as' amended (42 USC 6901,
et seq.); Solid Waste
(40 CFR 264), Subpart M,
Air Emission Standards for
Process Vents

Action

Hazardous
waste
treabnent,
storage, or
disposal

Hazardous
waste
treabnent.
storage. or
disposal ..

Requirement

The location, design, construction, operation, maintenance,
closure, monitoring, Inspection, and post-closure of miscel­
laneous hazardous waste units should be conducted in a
manner that ensures protectfon of human health and the
environment.

Emissions requirements for procesS vents associated with
dlstiUatlon, fractionation, thin film evaporation, solvent
extraction, or air or steam stripping operatlorw that manage
hazardous wastes .with organic concentrations of at least .
10 ppmw.(parts per million by weight) are speeilied.. ·

Prelim/nary
Determination

Potentially
app,licablel
relevant and
appropriate

Not an ARAR

Remarks

These requJtements would be
applicable if site waste that meets
the prerequisltes fOr definition as

. hazardous waste (no listed waste
has been Identified) was placed in
such mfsceUaneous units. In this
.case, the pertinent ~uuements'
would be ·addressed. Even if site
waste cUd not meet the prerequi­
sites for definition of hazardous
waste, certain requirements could
be consldered'relev~t .anda~

, priate on th!basls of ~~lent.......-.......:..........
similarity.

These requJtements are not
ARARs because none of the listed

. proc~ is a component of the .
·actfon. .

• • .. '--'---'~------,-,.. - ..... •
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Citation

Solid Waste Disposal Act,
as amended (42 USC 690J
et seq.); Solid Wastes
(40 CFR 264), Subpart BB,
Air Emission Standards for
Equipment Leaks

Solid Waste Disposal Act,
as amended (42 USC 6901,
et seq.); Standards for the
Management of Specific
Hazardo~ Wastes and
SpecifiC Types of Hazardous
Waste Management facil­
ities (40 CFR 266), Sub-
part H, Hazardo~ Waste
Burned In Boilers and
Industrial Furnaces

Action

Hazardous
waste
treatment,
storage, or
disposal

Burning of
hazardous
waste

•
Requirement

. Emission standards for equipment leaks from pumps,
compr~ors, pressUre relief devices, sampling connecting
systems, and valves are specified. These apply to equipment
that contains o.r contacts hazardous wastes with organic
concentratiom of at least 10% by Weight that are managed In
units sublect to the permitting requlremenls of 40 CPR 270.

Standards to control eu\lsslom of organic compounds, particu­
late maUer, metals, and hydrogen chloride (HCI) and chlorine
gas (CI2) are specified as foUows. A boiler or induslrial

. furnace burning hazardous waste sho~Jd achieve a destruction
and removal efficiency of 99.99% for all organic hazardouS
constituents In the waste feed. Products of Incomplete
combustion are regulated by a carbon monoxide (CO) emission
standard that requires concentratlom In the off-gas to be leSs
than Joo ppmv (parts per million by volume) on an hourly
rolling average basis continuously cOrrected to 7% oxygen, dry
gas basis. 11lese Iimlls can be waived If the total hydrocarbon
(HC) concentration in the stack gas does not exceed 2O'ppmv
on an hourly rolUng average basis, reported as propane and .
continuously corrected to 7% oxygen, dry gas basis. A boiler
or industrial furnace bumlng hazaidous waste should not emit
particulate matter In excess of 180 mg/m) (dry) after correction
to a stack gas concentration of 7% oxygen. If the screening
limits for feed and emission rates of metals, HCI, and CI2 are
exceeded, the operator must demomtrate compliance with
reference air concentrations for noncarcinogenlc metals, HO,

. and CI2 (Identified in the foUowlng table) and with a IlrS risk
level for carcinogenic metals using dispersion modeling.
Screening limits are a functlon of effective stack height, land
use, and terrain and are presented in the following table for a
4().m effective staclt height for noncomplex terrain In rUral
areas.

Preliminary
Determination

Not an ARAR

Potentially
relevant and

.appropriate

•
Remarks

These requirements are not
ARARs for an on-site action
because any such equipment
would not be subject to the
indicated permitting requirements
(those comtltute admJnjstrative
requirements at a CERCLA site)
and the site waste does not
contain the indicated organic
concentrations so condltlom
would not be comldered suffi­
dentiy slml1ar to be relevant
and appropriate.

These requlremenls would not be
applicable because no hazardous
waste would be burned or proc­
essed In a boiler or industrial
furnace as a component of the
remedial action. However, certain
requirements could be considered
relevant and appropriate for the
vilrilication alternatives because
vitrification might be comldered
somewhat slmiJar to an industrial

. furnace (a melting furnace); in this
case, the pertinent requirements
would be addressed.



. TABLE G.3 (Cont.)

Citation

(Cont.)

Action

Contaminant

MetiI1sb

Antimony'
Arsenic
Barium
Beryllium
cadmluin

~ ChriJmllim~

leiId .
Mercury
Silver
ThiIlliwn

Chlorine and HCIC

CII
HCI

ReqUirement

ScreenIng LImltA
(g/h)

1,100
82

180,000
15
20

-3.0
320

UOO
11,000

UOO

1,4O()d
25,000-

PreIimiNry
DetermiNlion Remarks

..;",

..-~ ..

.' Umlts are both feed rate limits and einis­
sion rat.e limits, unless otherwise noted..

b Reference air concentrations are 0.3, SO,
0.09, 0.3, 3, and 0.5 ..,1m3 for antimony,
bolrium, lead, mercury, silver,and
thaUium, reSpectively.

. C Reference air concentrations for CI2 and
. HCI are 0.• and 7 Jlg/m3, reSpectively.

d Peed .rate and emission rate screening
limits as total and free chlorine;
respectively.

e Emission rate screening limit

• "-.' _._-_..._---- •
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Citation

Solid Waste Disposal Act.
as amended (42 USC 6901,
et seq.); Land Disposal
Restrictions (4'0 CFR 268),
Subpart A, General

Solid Waste Disposal Act.
as amended (42 USC 69Ul,
et seq.); Land Disposal
Restrictions (40 CPR 268),
Subpart C, Prohibitions on
Land Disposal

Action

Hazardous
waste treat·

, ment and
disposal

Hazardous
waste treat­
ment and
disposal

•
Requirement

Identified hazardous wastes are restricted from land disposal
except in specific circumsiances. Wastes that are otN!rwise
restricted from land disposal may be treated In surface
impowulnients subject to specified conditions. An extension to
the effective date 01 any applicable restri~lion can be applied
for, as can anexemption. Por the latter,a petition Is to be
submitted to EPA demonstrating that tl\ere will be no
migration of hazardous constituents from the disposal unit or
Injection zone for as long as the wastes remain hazardous.
Waivers can apply. Characteristic hazardous waste that Is
treated to comply with the treatment standards In Subpart 0
(see later entry in this table) may be land ellsposed. A
restricted waste should not be diluted to meet those standards.

The land disposal of certain hazardous waste (such as liquid
waste containing ~SO ppm PCBs) is prohibited unless the waste
or waste extract meets the treatment standards of Subpart 0
(see next entry) or an exemption has been granted. Treatment
should attain the treatment standards identified fOr each
hazardous constituent in the waste for which a treatment
standard exists.

Preliminary
Detennlnation

Potentialiy
applicableI
notanARAR

Potentially
applicable/
not an ARAR

Remarks

These requirements would be
applicable llllsted waste were
disposed of on-site, burno listed
waste has been identified. These
requirements would be applicable
to the treatment of characteristic
hazardous waste Itt OMl!r to meet
the treatment standards for dis­
posal. Alter treatment, these
requirements would be neither
applicable nor relevant and
appropriate to the disposal of
this waste because the waste

, would no longer meet the defini­
tion of hazardous waste. lnat Is,
II site waste did not meet the
prerequisites for definition as a
hazardous waste, these require­
ments would not be an ARAR.

These requirements woUld be
applicable II listed waste were
disposed of on-site, but no listed
waste has been identified. These
requirements would be applicable
to the treatment of characteristic
hazardoUs waste In order to meet
the treatment standards for ells­
posal. Alter treatment, these
requirements would be neither
applicable nor relevant and

, appropriate to the disposal of
this waste 'because the waste
would no longer meet the defini­
tion of hazardous waste. lnat Is,
II site waste did not meet the
prerequisites for definition as
hazardous waste, these require­
ments would 'not be an ARAR.

•



TABLE G.3 (Cont.)

Citation Action Requirement \ -!

Preliminary
Determination ReDlarks

PoteittiaUy
appUcablel
not an ARAR.

SaUd Waste Disposal Act,
as amended (42 USC 6901, .
el seq.); Land Disposal
Restrictions (40 CFR 268),
Subpart D, Treabnent
Standards

.......

~----_.~ .-

•

Hazardous
waste treat·
ment and
disposal

A restricted waste Identified In Subpart C of 40 CFR 268 may
be land disposed only If (1) an extract of the waste or of the
treabnent residue of the waste does not exceed the values
Identified for any hazardous constituent fOr that waste, (2) the
restricted waste Is treated with the spedfled technology or an
equivalent EPA.a~vedmethod, or (3) the constituent con­
centrations In the waste or trealD\ent residue of the waste do
not exceed spedft~ values for any hazardous cOMtituent for
that waste, as appUcable. Where the treatment standard is

. expressed as a concentration In a waste or waste extract and a
waste cannot be treated to the spedfled leVel, or where the ..
tieatment technology Is notapproprlate to the waste, the .. ", .

. - ··generator may petitionthe.EPA-for.a variance from the.. _,__... _ ."
. treatment standard by deDIoMtrating that the physical or

chemical properties of the waste differ significant!y from the
waste that was analyzed to develop the treatment standard.

•

These requlreinents would be
appUcable to the treatment of.
characteristic waste so that it
would no longer meet the pre-
requisites for definition as
hazardous waste. These require­
ments would also be appUcable
for waste dIsposa1lf Usted waste
were '0 be disposed of at the site,
but no such waste has yet been
Identilled. If these reqWreDIents
were appUcable, the contaminated ..

_soU,and debris r:esultlng"'~m,~.the!!So_·_~,~• ..;.~.....
action would not besuffidently~".•
similar to that for whiCh the •
treatment standards were devel­
oped under this act. In addition,
a given treatment technOlogy has
not been deDIoMtrated for this .

. speclftc material. FUrthermore; a
technology such as incineration, .

- ... __ . which 15 sPed1lei:hs-the irmtm~t -_.

technology for certain contami-
nants, aUght In fact be inappro-
priate for site waste because of
the presence of other contami-
nants In the large volutJie of
variable material that could be
released (e.g., memuy 15 present
In the raffinate pit sludge)•.
Therefore, this material would
quaUfy for the treatability
variance, and the action would
comply with.the land disposal
restrictions through this variance.
II site waste did not·meet the
prerequisites for definition as
hazardous waste, these require-
ments would not be an ARAR.

••
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Citation

Solid Waste Disposal Act,.
as amended (42 USC 6901,
el seq.); Land Disposal
RestrictionS for Newly
Usled Wastes and
Contaminated Debris
(57 Federal Register
958), Proposed Rule

Action

DispoSal of
debris contam­
Inated with
hazardous
waste

•
Requirement

Debris that contains a hazardous waste listed in Subpart 0 of
·40 CPR 261 for.whlch land disposal restrictions have been
promulgated, or that exhibits characteristics of hazardous waste
In Subpart C of 40 CFR 261 for which land disposal restrictions
have been promulgated, should be treated prior to land
disposal using specific technologies from one or more families
of debris treatment technologies (extraction, destruction, or.
lmmobiUzatlo,,>.- This trea~ent shouldbeperformed!J:!
accordance with specUied performance standards. Treated
debris would no longer be prohibited from land disposal and
would not require management as it hazardous waste If a
destruction or extraction technology were used for all debris
types and contaminaJlt combinations, provided that it did not
exhibit a hazardous waste characteristic.. Residuals from
treatment are subject to· P039 (multisource leachate wastewater
and nonwastewater) numerical treatment standards, which are
Identified below for selected contaminants. ~ treatment unit
would be subject to the standards In 40 CFR 264 and 265 for
treatment facilities to ensure protection of human health aild
the environment. Mixed waste debris shoUld comply with the
rules for contaminated debris In addition to those under the
Atomic Energy Ad.

Preliminary
Determination

To be
considered/
not anARAR

•
Remarks

Because this is not a promulgated
standard, It Is addressed as a "to·
be considered" requirement. The
proposed naJe would be consid·
ered for management of contami·
nated debris if the site waste met
the prerequisites for definition as
hazardous waste. Otherwise, this
would Mt be a TBC (or ARAR, if
promulgated).

C"l,
00....



TABLE G.3 (Coni.)

Citation

(Cont.)

Action

Cansti tuent

Antimony
ArwrUc
Barl~

Beryllium
Cadmium .

. -'Chromlum-(total)
-- .. Copper

Lead
Mercury
Nickel
Selenium
Stiver .
Thallium

. --Vanadium" : _
Zinc:
2.~Dlnitrololuene

2,6-Dinitrololuene
,Nitrobenzene

Requlrement

NOnWastewaterA
. (mg/L.

eKcept 15 nOted)

0.23
5.0

52
NAc

" 0.066 .'
--52

NA
0.51

. 0.025
0.32
5.7
o.on

NA
NA
NA

140d
28d

14d

Wastewater!'
(mg/L)

1.9
1.4
12
0.82

. 020
0.37-­
1.3 .
0.28
0.15
0.55
0.82
029 .
1.4
0.04L
1.0
0.32
0.55
O.~

Preliminary
Determination Remarks

. - ...-----~-

C)
l­

ao
N_.

• Concentration In the waste extract, eKcepi for
2,~dlnitrololuene, 2.~trotoluene, and nitro­
benzene, for which the concentration In the waste
is listed.

b Concentration In the wasteWater.

C NA means that nO i\lurierfcal standard Is available
for a conCentration In the waste eKtrad for this
constituent.

d Concentration In.the waste, In mg/kg..

• •
------------.- ----
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Citation

Missouri Hazardous SuD­
stance Rules (10 CSR 24);
Missouri Solid Waste
Management Law'(RSMo.
260.200 to 260.245) and
Regulations (10 CSR 80);
Missouri Hazardous Waste
Management Law (RSMo.

. 260,350 to 260.552) and
Regulations (10 CSR 25)

Action

Hazardous
waste treat­
ment, storage,
or disj>Osal

•
Requirement

The owner/operator of a hazardous waste treatment. storage,
01 disposal facility should comply with the following
requirements, in addition to those of 40 CFR 264 (see related
discussion in this table); in the case of contradictory or
conflicting requirements, the more stringent would control.
Hazardous waste landfills should be located such that potential
discharges and harm to human health and the envlrorunent are
minimized; such landfills should not be. located in an are.A0f
unstable soil deposits subject to landslides or catastrophlc
coUapse. All new hazardous waste landfills should be con­
structed wIth double linen, a leachate coUection syStem above
the top Uner, a leak detection system between Uners, and a
base as outlined In 40 CPR 264, Subpart N (see discussion in
this table). The permeability of each detection or coUection
syStem should em~ed 10'2 em/s, and at least 30 It of soU or
other material with a permeability of less than 10'7 cm/s
should be present between the bollom of the lowest liner and
the uppermost regional aquifer, or an equivalent protection
may be based on at least 20 It of naturally occurring material
for such a landfill that receives only waste generated by its
operator. Groundwater should also be monitored beyond the
property boundary.

Pretbninary
Determination

Potentially
applicable/
relevant and
appropriate

. Remarks

These requJmnents would be
applicable to the treatment or
storage of site waste that meets
.the prerequiSites for definition as.
hazardous waste. The substantive
requirements are being addressed
for areas designated as temporary
haZardous waste fiIdlities (e.g.,
Building 434 and the TSA). The'
disposal requirements would be
applicable /llisted waste were
disposed of on-site, but no listed
waste has been identified. Alter.
treatment of the characteristic
waste, the disposal requirements
would not be applicable because
such waste would no longer meet
the definition of hazardous waste.
However, on the basis of sUfficient
similarity of the regulated condi­
tions, certain requirements for
siting. buffer zone, and cell cover
and \lnei' could be relevant and
appropriate to the location and
design of the disposal ceU for
an on-site action. 1l1e require­
ments for overburden thickness
and permeability would be
relevant but not appropriate
becauSe of the specific circum­
stances at the chemical plant
fadlity.

•
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APPENDIX H:

FLOODPLAlNIWETLAND ASSESSMENT FOR THE REMEDIAL
ACI'ION AT THE CHEMICAL PLANT AREA

OF THE WELDON SPRING SITE
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.APPENDIX H: .

FLOODPLAINIWETLAND ASSESSMENT FOR THE REMEDIAL
. •ACTION AT THE CHEMICAL PLANT AREA '

:OF THE WELDON SPRING SITE

H.t PROJECT PURPOSE AND DESCRIPTION

The purpose and description of the Weldon Spring Site Remedial Action Project are
discussed in Chapter 1 of this feasibility study (FS). Cleanup of the site may entail the
excavation, treatment, and disposal of approximately 519,000 m3 (679,000 yd3) of contaminated
sludge, sediment, and soil £:rom a number of on-site and off-site locations (Chapter 1, Figures 1.3
and 1.4). Alternative options being evaluated for the disposal of the contaminated media include
the construction of a disposal cell at. (1) the chemical plant area of Weldon Spring site,
(2) Envirocare of Utah, Inc., ~ commercial facility located near Clive, Utah, or (3) the 200-West
Area at the U.S. Departmertt .of Energy (DOE) Hanford site near Richland, Washington.. In the
event that off-site disposal'is selected, a dedicated rail siding may be constructed near the town
of Wentzville, Missouri, from which treated and untreated cont:aInirulted materials would be
shipped by rail to the disposal cell location. I

Construction and/or backfill activities associated with the different alternatives are
estimated to require up to about 1.16 million m3 (1.52 million yd3) of clean, uncontaminated.
borrow (fill) material. Of thi,s amount, DOE might obtain up to 895,000 m3 (1.17 million yd3)

from a nearby source, potentially from a 61-ha (l50-acre) tract located in the Weldon Spring
Wildlife Area, approximately 1.5 km (1.2 mi) east of the chemical plant area (Chapter 5,
Figure 5.1). The remaining borrow material would be supplied by local vendors. On the basis
of current conceptual plans, approximately 34 ha (85 acres) would be disturbed by excavation
and construction activities. About 21 ha (52 acres) could be excavated to an average depth of
4.3 m (14 ft) for borrow material.

Th~ excavation and construction activities proposed for the remediation of the Weldon
Spring site could adversely impact wetland and floodplain areas. The DOE is committed to
avoiding or minimizing adverse impacts to floodplains and wetlands from its activities to the
extent possible (Title 10, Code of federal Regulations, Part 1022 [10 CFR 1022]), and all remedial
activities at the Weldon Spring site are being conducted in compliance with Executive Order
11988, Floodplain Management, and~xecutive Order 11990, Protection of Wetlands. The
assessment presented in thi,s appendix addresses the potential for floodplain and wetland
impacts that might occur as a result ofthe proposed removal of contaminated sediment and soil'
from the Weldon Spring site and selected off-site locations, the construction of a rail siding'

, off-site, and the construction of a disposal cell at an on-site or off-site location.

This assessment does not address floodplain or wetland issues associated with activities
at the Southeast Drainage; Lakes 34, 35, and 36; Femme Osage Slough and vicinity property 89;
or the proposed borrow area. The Southeast Drainage is a natural drainage channel located
southeast of the site (~pter 1, Figure 1.4) that contains contaminated sediment, soil, and
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surface waler (inlerinitlently~ co~Lted ~:face ~aler, sediment, and soil are also present •
in portions of Lakes 34, 35, and 36 ill 'the August A., Busch Memorial Wildlife Area. Femme

·.Osage Slough is a small pOr,tion of Fe~eOSage Cree~ that was cut off from its ~riginalchannel
bya levee constructed ir\ 1959 and J960. The slough, located south of the Weldon Spring quarry
(Chapter 1, Figure 1.4), contains contalninated surface water and sedimenf. Vicinity.property B9

. is located adjacent to the slough and! contains con~ted soil. '
'. .' .1 ,I.' . .
The Southeast tiraina~ ~ ~ing.treated as ~ iseparate response ~ction, in part because

~additional characterization is needed for the drainage and also becau~ conditions in the
drainage will change,as a result of cleanup activities at the chemical plant area. The drainage
will be addressed as a separate ,emoval action :within the next several years, and a
floodplain/wetland assessment and .other do~entation will be prepai~d to support related
decisions. . . '

Lakes 34,35, and 36 will be addressed in conjunction with sedimentationmanagement
activities that the Missouri Depariment of." (;:onservation has -schedUled .for these lakes
(Dieffenbach 1992). The sedimentation management program addresses the problem of reservoir
siltation and also provides for mairitenance o,f the reservoir dams. In this program, a lake

.,targeted for renovation is drained an;d the accumulat¢d sediment is excavated; the lake is then
i'refilled and restocked with fish. T~ remediate Lakes 34,35,36, DOE will remove contaminated

· ~sediment and shoreline soil afterth~ state hascirairied the lakes. FollOWing ;re~oval of. the
,~contaminated sediment and soil by DoE, the state will co.mplete sediment remo.val, .refill the .' ..
"lakes, and restore the habitats and biota. A floodplain/wetland asseSSIJ:lent may be. prepared
.~. in the future when the Missouri Dep:mment of Co~rvationbeginsits renovation activities at
,Lakes 34, .35, and 36. The impacts associated with' fli.e removal of the 'contaminateC;i sediment
~:and soil from these lakes by DOE are expected. to be identical to the impacts that '~ould be
,. 'incurred by the scheduled state rer:tovation activities alone.. Because the contaminated areas ale

only part of the entire area that~ be drained and excavated, impacts would be bounded by
. those associated with the state activi~es. The overall: purpose of these activities is to iIriprove
the conditions at these lakes. . '

, Femme Osage.Slough and vicinity prop~rty B9 will be addressed during the follow-on
decision-making process 'I for, the q~ resid~ o~erable unit (SeCtion 1.5.3). A remedial

~ investigation/feasibility study (RI/FS) work plan is b~ing prepared for these, and a floodplain/
wetland assessment will be included with the planned RIfFS. This document package will
incorporate National Environmental'Policy Act (NEPA) values in accordance with the level of
analysis foran environmental assessrent (EA).,' :'

. . ..... . ..

A source ofborrow soil is needed to support ~ackfilland construction activities planned
for the current stage of site cleanup., A' potential location for this material has been identified

· ..:and evaluated as the representativeb,brrow area for the analysis in this FS:' In the event that this
. potential borrow area is selected as the source of clean soil for use at the chemical plant area,
an EA would be prepared to ad~es~ pbtential' impacts from excavation and other acti:Vities.
Potential impacts to wetlands from these activities wOll1d be evaluated in a wetlands assessment, -I
which would be included in the EA. .

• 1
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H.2 FLOODPLAIN AND WETLAND EFFECfS

Various sources of information were used to identify the occurrence of floodplains or ,
wetlands at the Weldon Spring site and at the proposed rail siding, b?rrow area, and disposal

. cell locations. These include National Wetlands Inventory Maps (U.S. Fish and Wildlife Service
1989a, 1989b, 1989c), Flood Insurance Rate Maps for St. Charles County (Federal Insurance
Administration 1978a, 1978b, 197&), environmental characterization reports for the Hanford
facility in Washington and the Envirocare facility in Utah (DOE 1984; Pacific Northwest
Laboratory 1991), and site viSits by ecologists from Argonne National Laboratory.

H.2.1 'Description of Floodplains

No l00-year floodplains occur at the areas proposed for the location of a disposal cell
at either the 'Weldon Spring site (Federal Insurance Administration 1978a), the Envirocare facility
(DOE 1984), or the 2DO-West Area of the Hanford site (Pacific Northwest Laboratory 1991). No
l00-year floodplains are present' at the proposed rail siding location in Wentzville (Federal
Insurance Administration 197&). . .

Remedial activities at the chemical plant area and the vlcinity properties would disturb
floodplain areas at only two locations, the portion of the Ash Pond drainage within . the
boundary of the chemiqil plant area and vicinity property A6 located on the U.S. Army Reserve
and National Guard Training Area (Chapter 1, Figure 1.4). No wetlands occUr in this floopp]ain
area (U.S. Fish and Wildlife Service 1989a). Both areas occur within the l00-ye,ar floodp~ of
the Schote. Creek-Dardenne c::reek drainage basin within the headwaters ofSchote Creek; they
are adjacent to one another and are separated only by the Weldon Spring site,property fence 'pne
(Figure H.l). Water flow at these locations is intermittent, with water typically present only
during and following precipitation events. The vegetation consists of shIUb .and secondary
growth upland and riparien forest. Tree species include oak, hickory, locust, and cottonwood.
The ecological resources of the general·site area, including the chemical plant area and vicinity,
are described in'Chapter 7 of the BA (DOE 1992a). The contamination at vicinity property A6
is located along the drainage channel from Ash Pond, and it extends approximately 200 m
(660 ft) from the site fence a~ a width of about 3 m (10 tt) (DOE 1992b). The portion of the Ash
Pond drainage channel inside the site fence that is within the lOO-year floodplain is located
immediately upstream of vicinity property A6 and encompasses about 0.5 ha (1.3 acres).

H.2.2 Floodplain Impacts

The removal of contaminated soil and sediment from the portion of the Ash Pond
drainage within the site fe~ce could temporarily disturb up ,to approximately 0.5 ha (1.3 acres)
of the l00-year floodplain, whereas remediation of vicinity property A6 could temporarily
disturb an additional 0.06 ha (0.15 acres). The total area that would be disturbed (<0;6 hal
'represents a very small portion (<0.001%) of the entire loo-year Schote Creek-DardeIUle Creek
floodplain. Remedial activi~es in this floodplain area would consist of excavating contaminated
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soil and sediment followed by restoring of the disturbed area; no flood storage volume woUld
be displaced by structures, access roac:fs,odill material. Following removal of the contaminated

,soil ~d sedimerit,the excavated ar~as would be backfilled with clean fill and graded to the
extent possible to original contours. j' Thus, the lo'ng-tenn flood storage volume of the Schote
Creek-Dardenne Creek floodplain would not be affected by remediation of the on-site Ash Pond

", drainage and vicinity property A6.
~- ' J -

Excavating and removing c~ntaminated soil and sediment from the floodplain could
temporarily disrupt local drainage ipattems; increase localize~ erosion, sedimentation, and
contaminant transport; and destroy' and displace certain bio~: Impacts to vegetation and
wildlife in the floodplain would not be significant. The types of old-field and forest habitats that

. . l .

would be disturbed are Widespread t~oughout the Busch and Weldon Spring wildlife areas, the '
. wildlife that would be disturbed are not unique to the area, no federal listed ,or Category 2
,~ species are known to utilize the area, and no state list~d species or unique natural areas are

associated with the floodplain -locat'ion, (see Appendix I and the BA [DOE 1992a». With
appropriate mitigative measures, the temporary i~pac,ts in the floodplain would be localized and •
minirriaL These'impacts would cea'se upon reeontouring 'and revegetation of the excavated
portions of the flo~dplain, and the original flood sto~age volume would be restored.

-. )
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H.2.3 Description of Wetlands

No wetlands are present at the areas proposed· for a disposal cell at either the
Envirocare or Hanford sites (DOE 1984; Envirocare 1991; Pacific Northwest Laboratory 1991;
DOE 1992b). Several contaminated wetlands are present within the property boundary of the ..
Weldon Spring. site, but none of the soil vicinity properties addressed by the q.uTent remedial
action contain wetlands (U.S. Fish and Wildlife Service 1989a, 1989b, 1989c)." The. wetlands at
the chemical plant area that would be remediated Wlder the proposed action are'described in
Sections H.2.3.1 and H.2.3.2.

H.2.3.1 Raffinate Pits

Raffinate pits 1, 2, and 3 cover an area of approximately 4.4 ha (9.6 acres) and are
classified as excavated palustrine wetlands with unconsolidated bottoms {U.S. Fish and Wildlife
Service 1989a).Raffinate pit 4 is a diked, intermittently exposed palustrine wetland with an
unconsolidated bottom. TItis pit" is the largest on-site wetland and has. a surface area of
approximately 6.1 ha (15 acres). The pits, which are located in the southwestern portion of the
·site (Chapter 1, Figure 1.3), were excavated into the eXisting clay soil between 1958 and 1964 for
the purpose of containing radioactive and chemical process wastes from the plant; the pits" .
currently contain about 168,000 m3 (220,000 yd3) of contaminated solids. The sludge in the pits
is typically covered with water throughout the year; the amount of water present depends on .
weather conditions but averages about 216,000 m3 (57,000,000 .gal); Water is always .present in
pits 3 and 4, whereas in some ~ers raffinate pits 1 and 2 have been dry. The removal and
treatment of the surface water in the raffinate pits haS been discussed in past documentation

. supporting a separate interim action at the site (MacDonell et al. 1990).

The raffinate pits support a relatively limited biota. Little or no emergent or rooted
vegetation is present; few amphibians or reptiles have been reported or collected from the pits,
and electrofishing surveys have been unsuccessful in documenting the presence of fish. Spike
rush (Eleocharis sp.) and dense stands of aquatic vegetation thought to be Chara sp. occur at some
locations at r3fflnate pit 4 (Herron 1992). These impoundments are utilized by waterfowl and
shorebirds, particularly duririg spring and autumn migrations. I<illdeer and spotted sandpiper
have been observed foraging in the sediment ofraffinate pit 4, and more than 15 species of
waterfowl have been reported on the raffinate pits (Herron 1992).

H.2.3.2 Ash Pond and Frog Pond

Ash Pond is located in the northwestern portion of the chemical plant area, at the
uppermost end of an existing drainage that entersSchote Creek (Chapter 1, Figure 1.3), The
drainage channel immediately below the pond is located within the lOO-year floodplain, but the
.pond is outside the floodplain boundary. The northern third of Ash Pond (about 1.5ha
(3.7 acres]) has been classified as a diked/impounded palustrine wetland with an unconsolidated
bottom (U.S. Fish and Wildlife Service 1989a). The remainder of Ash Pond (3 ha [7.4 acres]) has
been classified as a dikediimpounded palustrine, broad-leaved deciduous forest wetland. The
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~.
pond was constructed during the ~operationalperiod of the plaIlt to' receive slurried ash
discharged from the coal-fired stearn plant on~ite. ; .

. : ii, . ,;
j , . I

. Prior to the construction ,of a dike and drainage system at the pond, standing water
~ covering up to 4.5 ha <p acres) Y{ould beintemlittently present depending on weather
.conditionS. Since. construction of the dike and~ge system, water collects behind the dike

· following precipitation events. In general, the pond is dry by late summer. When present,'
· surface water in Ash Pond is contaminated, and the pond is estimated to contain approximately
'~ 6,300 m3 (8,200 yd3) of contaminated sediment.; The, removal and treatment of surface water
.~ from Ash Pond has been previousiy addressed in documentation supporting a separate interim

action at the site. (MacDonell et at 1990).
. .,

. Frog Pond is l~ted in the rtortheastem portion of the chemical plant area (Chapter 1,
Figure 1.3) and is classified as an iJ:ltennittently exposed,'diked palustrine wetland with an
unconsolidated bottom (U.S. Fish ana Wildlife ServiCe 1989a). This pond was excavated in an
existiIlg drainage during the operatiqnalperiod:'of the plant (prior to 1.966) for use asa settling
basin. The pond receives storm draih and surface nInoff from the site. Water levels typically

i;{,~ range from 0.3 to 1 m (1 t9 3.3 ft), ari~, when full" the pond has a surface area ofapproximately
,-.0.3 ha (0.7 acres)..Frog Pond is estimated to contain approximately 5,400m3 (7,oOO yd3) of
,l' contaminated seclim.ent. and 2,OOO.m~ (500,000 gal) of contaminated water. ,The removal and
\, treatment of the surface water has b~n preViously addressed in documentation supporting a
". separate interim action at the site <MacDonell eta!. 1990).

.' Vegetatiori present at Ash, aI)d Frog ponds includes water smartweed, arrowhead, bull
rush, cattail, smooth hedge nettle,' eastern cottonwood, sycamore, arid willow, Wetland.

~i: vegetation surveys are currently in progress for these sites. No fish occur in Ash Pond, but
small sunfish have been collected qomFrog Pond, (MK-Ferguson Company and Jacobs
Engineering Group 1989). Wildlife r~ported from the :AshPond area include wild turkey, deer,
raccoon, opossum, mallard, wood duck, blue-Winged teal, scaup, and Canada goose. An active
raptor nest (probably red-tailed hawk) was present in the canopy at Ash Pond as recently as
1989. Ash and Frog ponds are expe<;ted to support a, relatively diverse ~phibian and reptile
community, and the pond areas are utilized by a variety of ~dlife.'

"~

"," t "

•
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H.2.4 Wetland Impacts

The wetlands a,~ the chemical plant area ~ould be permanently dewatered and
contaminated sediment and soil woula be excavated under an interim action to remove and treat
contaminated ,water from, site impoupdments (MacDonellet aI. 1990) in combination with the
'action currently being proposed. After removing this material, the areas would be filled with
clean borrow materiaL Ute wethlJ:ld~ that would be lost at the site as a result of the proposed

· action total approximately 15 ha (38: ~cres). These wetlands represent about 6% of the total
lacustrine and palustrine wetlands,pr~sent in the surrounding wildlife areas, they are not unique

to the area, and
f
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vegetation, and wildlife. Elimina~ion of these contaminated habitats would have a positive.effect
on human health and local biota.

The loss of these wetland habitats is not expected to result in significant adverse impacts
to local biota. Excavation and filling of the ~ontaminated wetlands would result in the
permanent displacement or destruction of some local biota. Loss of biota would be limited to
the aquatic vegetation and invertebrates (insects, crayfish, zooplankton), the fish in·Frog Pond,
and many or all of the amphibians and semiaquatic reptiles (e.g., turtles) that inhabit the pits
and ponds. Because of the 'relatively limited biota inhabiting these areas and the populations
present in the surrounding wildlife areas (DOE 1992a), the loss of biota from the on-site wetlands
is not expected to significantly affect local populations or result in the local extinction of any

. species. Biota that would be permanently displaced include some amphibians, reptiles, and
mammals and a variety of waterfowl and other birds.

Most of the upland (non-wetland) species occurring on-site are resident and are already
present in the surrounding areas; thus, it is possible that· these surrounding areas might be
incapable of supporting increased numbers of these species as a result of displacement.
However, the population sizes of these species in the area of the proposed action are small, so
permanent.loss· of these individuals is not expected to adversely affect the ,populatiOns on a
regional basis. In addition, wetlands in the surrounding areas are probably capable ,?f absorbing
individuals displaced from the on-site wetlands and floodplains. For instance, waterfowl tend
to move frequently' from oile wetland area to another, miiUmizing the likelihood of habitat
saturation. Consequently, no impacts to waterfowl are anticipated to result from th~ temporary
or permanent loss of the on-site wetlands.

No federal listed plant or animal species have been reported from the Weldon Spring
site (Tieger 1988; Brabander 1990), including the Ash Pond drainage channel. The habitat types
present at the vicinity property are not suitable to support federal or state listed species or state
rare species that could.occur in the area such as the bald eagle, Blanding's turtle, or pied-billed

. grebe. Two Blanding's turtles have been reported from the Busch Wildlife Area (Bedan 1991),
and single individuals of the pied-billed grebe have been reported from raffinate pits 2 and 4
on-site (MK-Ferguson Company and Jacobs Engineeriilg Group 1992). The grebe is common in
the BUsch Wildlife Area during the spring and fall and is rare to uncommon the rest of the year
(Missouri Department of Conservation 1991), The activities at the Ash Pond drainage channel
within the site fence and at vicinity property A6 are not expected to impact listed species at the
Weldon Spring site or in the surrounding wildlife areas.

H.3 CONSULTATIONS AND MmGATION

H.3.1 Floodplain Mitigative Measures

No long-tenn impacts to flood storage capacity are anticipated from the proposed
remediation of the Ash Pond drainage and vicinity property A6. Potential short-term impacts,
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resulting primarily from v~etatio~ 41~aringandex~a~atio~activities, would be xtutigated by ,.
using good engineering practices andl iinplementing ~e following mitigative measures:

I ' , ,

• Erosion and sediment control measures, i such as berms, and silt fences,
would be used during:~excavation, fill,;and contouring activities.

"

• Contaminated soil and Sediment would be excavated only when the ~h
Pond drainage channel waS dry." ,

. J

• Only clean~ WOuldbetused., '; " ,

• Excavated areas would~ filled as soon~ practicable after excavation and
graded to original contoUrs as much as possible.

• ,Revegetation activities would be implemented as soon as possible follow­
ing recontouring of the ~filled areas.

• • r , •

"H.3.2 Wetlands Consultations anid Mitigation
,,:' , I I

" 1.

~ The DOE initiated consultations with the V.S. Department of the Ariny, Corps of
, ~Engineers, to determine the status of the on-site wetIartds and the need for any wetlands permits
,tto comply with Section 404 of the Clfan Water Act (l-tIohowskyj 1990). The Corps detel'lIlified .'
"that no permits for wetiand filling, or draining activities would be needed for' ~e on-site '
wetlands because they occur within the boundary of a National Priorities List site and are thus
exempt from the requirements of Section 404 of the Oean Water Act Gewett 1990);

:~ , . " ", .: i .

The DOE (McCracken 1991) ,has also initiated consultations with the U.S. Fish and
Wildlife Service regarding the need fornUtigation, of the on-site wetlands that would be lost as
a result of remedial activities at the ~ite. The Fish ,~d Wildlife Service urged DOE to consider
wetland creation as a means of mitigatirig the loss of the on-site wetlands (Brabander 1991). The
DOE has initiated surveys ofthese wetlands to document their s~, type, and biotic composition.

, Upon completion of these surveys ,and additional, consultations with the Fish and Wildlife
, . Service and the Missouri Depart::aient of Conservation, OOE will develop a wetlands mitigation:

, plan for the site. ' ; ,

H.4 ALTERNATIVES

Five final alternatives have been identified for addressing contaminated material at the
chemical plant area of the Weldon Spring site and v(cinity properties, including sediment and
soil in the areas of wetland and floodplain involvement. These alternatives, which are described
in Chapter 5 of this FS, are:

Removal, Chemical Stabilization/Solidification, and Disposal
On-Site;

Alternative 1:

Alternative 6a:

'~

No Actiort;

I,

I
j'
" •
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. Alternative 7a: Removal, Vitrification, and Disposal On-Site;

Alternative 7b: Removal, Vitrification, and Disposal at the Envirocare
Facility near Clive, Utah; and

Alternative 7c: Removal, Vitrification, and Disposal at the Hanford Facility
near Richland, Washington

Within the context of these broad alternatives, Alternative 1 is not acceptable for the
affected floodplains and wetlands for several reasons. First, implementation of this alternative
would not reduce contaminant toxicity, mobility, or volume. Second, the potential for exposure
of vegetation, wildlife, and humans would continue. Finally, the contamination could migrate
further (e.g., by leaching to groundwater), so that additional exposures could occur over time.
The remaining four alternatives are similar to one another in that they each include the
excavation and disposal of qmtaminated sediment and soil from the affected wetlands and the
two floodplain areas. These alternatives differ from one another in the proposed treat:ment and .
disposal of the contaminated materials. Each of these alternatives is considered to represent a
permanent solution to the potential threat to human health and the environment posed by the
contaminated sediment and soil at the site and the vicinity properties, and each would provide
for long-term protection ofhuman health and the environment associated with related exposures.
The removal and subsequent disposal of the contaminated sediment and soUds also consistent
with current plans for complete remediation of the Weldon Spring site. .

Within the context of this specific floodplain/wetland assessment, there is no practical
alternative to removing contaminated material from the affected floodplain and wetland areas.
As described for the broad site alternatives, the potential exposures of wetland, floodplain, and
some upland species to contaminated media and· prey would continue under the no-action
alternative. Thus, adverse impacts are associated with leaving the contaminated material in the
affected floodplain and wetland areas, and no alternate action to removing this material as
proposed would effectively mitigate potential impacts for the long term. The small area of
affected floodplain would be graded and recontoured to restore the flood storage volume;
mitigation for the wetland areas would be incorporated in the mitigation plan that will be
developed by DOE in consultation with other agencies as part of the remedial action process.
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APPENDIX I:

BIOLOGICAL ASSESSMENT FOR TIlE REMEDIAL AcriON AT TIlE
CHEMICAL PLANT AREA OF THE WELDON SPRING SITE



. -1<,
0'
~.

. .~
l7',.

.
~.i:
r .,

~

. l ,.

1-2 .

•

•



•

•

•

1-3

APPENDIX I:

BIOLOGICAL ASSESSMENT FOR THE REMEDIAL ACTION AT THE
CHEMICAL, PLANT AREA OF THE WELDON SPRING SITE

1.1 INTRODUcrION

The U.s. Dep~entof Energy (DOE) is responsible for cleanup activities at the Weldon
Spring site tinder its EnviroI:1fi\ental Restoration and Waste Management Program. A major goal
of this program is to eliritinate potential hazards to human health and the environment. The
Weldon Spring site is located in St. Charles County, Missouri, approximately 48 kIn (30 mi) west
of St. Louis (Figure 1.1). The site consists of two noncontiguous areas: a chemical plant area and
a limestone quarry, which became radioactively and chemically contaminated as a result of
processing and disposal activities that occurred from the 1940s through the 1960s. In addition
to these areas, a number of off-site locations are chemically and/or radioactively contaminated
as a result of past processing activities at the chemical plant. The Weldon Spring site is currently
listed on the National Priorities List (NPL) of the U.S. Environmental Protection Agency (EPA).

'Explosives were produ~ed at the chemical plant during the 19405, and uraniw;n and
thorium materials were processed during the 1950s and 1960s. Waste slurries generated. at the
chemical plant area during the latter operational period were piped to four man~maderetention
ponds, referred to as r3.ffinate pits; various solid wastes (i.e., process residues and decon­
tamination material including soil, rubble, metal debris, and equipment) were disposed of in the
.quarry between 1942 and 1969. Remedial activities have already begun at the quarry;~ most
.significant activity to be conducted over the next several years is the excavation and transport
of contaminated solid material to the chemical plant area for short-term storage pending a
decision for disposal of all wastes resulting from remedial action at the Weldon Spring site.

Cleanup of the Weldon Spring site could entail the excavation, treatment, and disposal
of approximately 519,000 m3 (679,000 yd3) of contaminated sludge, sediment, and soil from a

I

number of on-site and off-site locations. Alternatives being considered for treatment' of the more
highly contaminated ~terial include chemical stabilization/solidification and Vitrification.
Alternatives being eval~ted for disposal of the contaminated media include the construction of
a disposal cell at (1) the chemical plant area of the Weldon Spring site, (2) the Envirocare of
Utah, Inc., commercial facility near Clive,U~ or (3) the 200.West Area at the DOE Hanford
facility near Richland, Washington.

Construction and/or backfill activities associated with the different alternatives are
estimated to require up: to about 1.16 million m3 (1.52 million yd3) of clean, uncontaminated
borrow (fill) material. Of this amount, DOE might obtain up to 895,000 m3 (1.17 million yd3)

from a nearby source, potentially from a 61-ha (ISO-acre) parcel of land located in the Weldon
Spring Wildlife Area about 1.9 kIn (1.2 mi) east of the chemical plant area. The remaining
267,000 m3 (349,000 yd3) of borrow material would be obtained from existing commercial
sources. . In the event that off-site disposal is selected, a dedicated rail siding could be
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,. constructed near the town of Wentzville, Missouri, from which treated and untreated contain­
erized material would be shipped by rail to the disposal cell location.

Removal, treatment, and disposal of the contaminated sediment, sludge, and soil at the
Weldon Spring site are necessary to eliminate potential hazards to human health and the
environment and to complete overau site remediation. Potential environmental impacts of
remedial action alternatives for the chemical plant area are evaluated in Chapters 6 and 7 of this

'feasibility study (FS) for the chemical plant area. lhis biological assessment evaluates the
potential for the remedial action alternatives to adversely affect listed and, proposed threatened
and endangered species and their designated critical habitats.

1.2 REMEDIAL ACTION ALTERNATIVES

•

•

Radioactive and chetnical contaIriinants are present in a number of on-site and off-site '
areas. The, primary radioa¢tive contaminants are uranium, thorium, and radium. Chemical
contaminants include metals, inorganic ions, and nitroaromatic compounds. Contaminants of
concern for the site are given in Table 1.1. Contaminated media include surface water, ground­
water, sediment, and soil. The purpose of the planned remedial action at the chetnical plant area
is to reduce potential hazards to human health and the environment, and to make surplus real
property available for other uses to the extent possible. Preliminary estimates of the acreage that
woUld be disfurbed and the volumes of contaminated materials associated with the site are given
in Table 1.2. .

Alternative remedial actions were developed by identifying remedial technologies and
process options potentially applicable to the contaminated media at the site., The technologies.
considered included those identified in the National Oil and Hazardous Substances Pollution '
Contingency Plan (NCP) (EPA 1990). These technologies and process options were evaluated
in accordance with the NCP and EPA guidance (EPA 1988).' On the basis of thiS evaluation,
various control' technologies were identified as potential components of remedial action
alternatives for the site. These technologies were incorporated into seven preliminary
alternatives (Section 4.2):

Alternative, 1: No Action;

Alternative 2: In.;Situ Containment and Limited Disposal;

Alternative 3: In-Situ Cheritical Stabilization/Solidification and Limited
Disposal;

Alternative 4: In-Situ Vitrification and Limited Disposal;

Alternative 5: Removal, Minimal Treatment, and D~posal;

Alternative 6: Removal, Chemical Stabilization/Solidification, and Disposal; .
and

Alternative 7: Removal, Vitrification, and Disposal.



TABLE I.1 ContaminantS of Concem for the Weldon Spring Sitea

L.
, t, •

. Metals
. ~

; .. ,
I

1-6.- '

Other
Inorganic'

Compounds

...

Nitroaromatic
Compounds ,PCBs and PAHs

•,
l'
L
!
I ..,

• Notation: DNB = l~tro~ene; 2,4-DNT =2,4-dinitrotOluene; 2,6-DNT = 2.6-dini­
trotoluene;' NB = nitrobenzene; TNB = l;3,5-trinitrobenzene; TNT =trinitrotoluene,
PCBs =polychlorinated bip~yls.

b Potential carcinogen.' !

C Exposure to gamma radiation reSulting from the presence of these radionuclides was also
eValuated.' - ...

d A contaminant of concern only for the ec~logical risk assessment.

Actinium-227
Lead-210
Protactiniiun-231
Radium-226
Radium-228
Radon-220
Radon-222 .
Thorium-230
Thorium-232
Uranium·235
Uranium·238

Alwr\inumd

Antimony .
Arsenici' '
Barium :
Berylli~b . ';
Cadmiumb :
CuoD\iumb ;

Cobalt 1
Copper
Leadb

Lithium
Manganese
Mercury ,
Molybdenum
Nickelb .

Selenium
Silver
Thallium
Uranium
Vanadium "
Zinc

"'sbestosb

Fluoride
Nitrate
Nitrite

'DNB
2,4-DNT>
2,6-DNT>
NB
TNB
.:~

PCBsb

Acenaphthene
Anthracene
Benz(a)anthraceneb .

Benzo(b)fluoranthentf
BenZo(k)fluorantheneb

,Benzo(g,h,i)P3Iene
8enzo(a)pyrene
Chrysenel)
Fluoranthene
Fluorene
Incleno(l,2,3-cd}pyreneb

2-Methylnaphthalene
Naphthalene
Phenanthrene
Pyrene

•
. .

,All of the action alternatives (Alt~mktives 2 through 7)' were further ~"ided into alternative
·disposal options: disposal in an on-site engineered disposal cell (Alternatives 2a, 3a, 4a, Sa, 6a,
and 7a); disposal off-site at the Envirocare facility near Clive, Utah (Alternatives 2b,3b, 4b, Sb,
6b, and 7b); disposal off-site at the DOE Hanford facility near Richland, Washington

·(Alternatives 2c, 3c, 4c, Sc, 6c, and ~c); and disposal off-site at a hypothetical nearby facility
(Alternatives 2d, 3d, 4d, Sd, 6d, and 7d).

These preliminary alternatives were evaluated for applicability to remediating the
·Weldon Spring site on the basis of three general critena: effectiveness, implementability, and
cost (Section 4.4). The effectiveness of each alternative was determined by its overall ability to
protect hiunan health and the envirdnment in both the short term and long term. The imple­
mentability of each alternative was d~termined by its technical feasibility, resource availability,
and administrative feasibility. Relative costs were evaluated at the screening stage by comparing
general estimates for each alternative. .



•

On the basis of the screening analysis for the preliminary alternatives (Section 4.5 of this
FS), five alternatives were retained for detailed evaluation:

Alternative 1: No action;

Alternative 6a: Removal, Chemical Stabilization/Solidification, and Disposal
On-Site; .

Alternative 7a: Removal, Vitrification, and Disposal On-Site;

Alternative 7b: Removal, Vitrification, and Disposal at the Envirocare Facility
near Clive, Utah; and

Alternative 7c: Removal, Vitrification, and Disposal at. the Hanford Facility
near Richland,·Washington.

Under all but the no-action alternative, contaminated materials (fable 1.2) would be removed
from. various source areas, treated as appropriate, and then disposed of in an engineered cell
either on-site or off-site. .
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. The alternatives addressed in this biological assessment (and in the FS for remedial
action at the chemical plant area) incorporate consideration of the impacts from remedial actions
that are currently planned or being developed for most of the contaminated source areas at the .
Weldon Spring site. 11lis assessment does not, however, address all impacts associated with
certain locations whose cleanup is outside the scope of the current decision-making process (i.e., .
the Southeast Drainage; Femme Osage Slough and vicinity property B9; andl.akes 34, 35, and
36).. Those areas are being considered at this stage of the process only with regard to (1) the
estimated volume of contaminated media that might be removed from each area under a future
action and (2) the disposal cell requirements needed to handle the removed material. They are .
evaluated for potential impacts to listed and proposed species from the no-:-action alternative (i.e.,
in the absence of remedial action). . '

The Southeast Drainage~ an .intermittent stream located southeast of' the site in the
Weldon Spring Wildlife Area (Figure 1.2), contains contamiIlated· sediment, soil, and surface.
water. Contaminants include radionudides, inorganic ions, and nitroaromatic compounds.
Femme Osage Slough is a small portion,of Femme Osage Creek that was cut off from its originai
channel by a levee constructed in 1959 and 1960. The slough, located in the Weldon Spring

':·Wildlife Area south· of the Weldon Spring quarry, contains radioactively and chemically'
·.contaminated surface water and sedUnent. Vicinity property B9 is located adjacent to the slough
·,:;"(Figure 1.2) and contains contaminated soil. Contaminated surface water, sediment, and soil are

also present in portions of Lakes 34, 35, and 36 in the August A. BuschMemo~Wildlife Area..

The Southeast Drainage is being treated as a separate,response action, in part ~use
additional characterization is needed for the drainage and also because, conditions .in the .

,drainage will change asa result of cleanup activities at the chemical plant area.. The drainage:
.. ·will be addressed as a separate removal action within the next several years, and environmental

documentation will be prepared to support related decisions..

Lakes 34, 35, and 36 will be addressed in conjunction with the Missouri Dep;;utment of
Conservation (MDOC) sedimentation management activities scheduled for these lakes
(Dieffenbach 1992). The sedimentation management program addresses the problem of reservoir
siltation and also provides for maintenance of the reservoir dams. In this program, a lake
targeted for renovation is drained and the accumulated sediments ate excavated. The lake is

.then refilled and restocked with fish. To ~mediate Lakes 34,' 35, 36, DOE will' remove
contaminated sediment and shoreline soil after· the MOOC has drained the lakes. Following'
removal of the contaminated sediment and soil by DOE, the MIXX: will complete sediment
removal, refill the lakes, and restore the habitats and biota. A biological assessment may be
prepared in the future when the MDOC beginS its renovation activities at Lakes 34, 35, and 36.

'The impacts associated with OOE's removal of the contaminated sediment and soil from these
'.lakes are expected to be identical to the impacts that would be. incurred during the scheduled
MDOC sediment removal Jake renovation activities alone. Because the contaminated areas are
only part of the entire area that would be drained and excavated by the MDOC, impacts would
be bounded by those associated with the MIXX: activities. The overall purpose of these
activities'is to improve conditions at these lakes.

•

••
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: The Femme Osage Slough and vicinity property B9 (Figure 1.2) will be addressed during .
. the follow-on decision-making process for the final cleanup of ~e quarry (quarry residuals

operable unit). A remedial investigation/feasibility study (RI/FS) work plan is being prepared
for these areas, ·and a biological aSsessment will be included with' the planned RI/FS. This
document package will incorporate values of the National Environmental Policy Act (NEPA) and
will be consistent with the level of analysis for an environmental asseSsment (EA).

A source ofborrow soil is needed to support backfill and construction activities planned
for the current stage of site cleanup. A potential location foi' much of this material (895,OOO m3

[1.17 million yd3]) has been identified (Figure 1.3) and evaluated as the representative borrow
area for the analyses in the FS. In the event that the proposed borrow area is selected as the
source of clean fill for use at the chemical plant area, an EA would be prepared to address
potential impacts from excavation and other activities. Potential impacts from activities at the
proposed borrow area to listed, candidate, and Category 2 (C2) species would be evaluated in
a biological assessment included in the EA. '

,1.2.1 Alternative 1: No Action

•

. . . No action is included as an alternative in the FS to provide a baseline for comparison
." with the other alternatives. Uilder·this·alternative, no further remedial action would be· taken
~ at the site. Several interim response actions for which decisions have been finalized are assumed .;

to be in effect as the baseline condition for the site:

• The bulk waste excavated from the quarry is assumed to be in storage
on-site in the temporary storage area (TSA).

• The water treatment plants at the quarry and the chemical plant area are
assumed to be operational.

• Other than the converted storage building (Building 434), the chemical
plant buildings and other structures are assumed to be dismantled and in
storage .on-site within the material staging area (MSA).

•' Activities that would continue at the site include environmental monitoring of ground­
.: water, surface water, and aii; maintenance of. all on-site storage areas,· dikes, fences, and

remaining buildings; operation of the water treatment plants; and provision of site security.

1.2.2 Altemative 6a: Removal, Chemical Stabilization/Solidification,
and Disposal On-Site

Under Alternative 6a, contaminated material from the. on-site soUrce areas would be
removed, treated.{as appropriate), and disposed of in,an engineered disposal cell. Contaminated
soil, sludge, and sediment would be excavated with conventional earth-moving eqUipment and
~edges. These materials would then be treated by chemical stabilization/solidification to reduce

..•
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contaminant mobility, facilitate waste handling, and eliminate free w~ter. Soil, sludge, and
sediment in storage at the TSA would also be treated, as appropriate. After treabnent, the
contaminated material would be placed into an on-site engineered cell. Off-site contaminated
soil and sediment would be ,removed with conventional construction and excavationequipment
and transported to the chemical plant area in covered trucks for similar treabnent and/or
disposal.

. .

Chemical stabilization/solidification of the contaminated media would be accomplished'
by mixing the contaminated material with a reagent consisting of a blend of cement and fly ash.
This treatment would occur in an engineered treatment facility built on-site that would require
an area of approximately 0.40 ha (1.0 acre). A volume reduction facili'ty, occupying an area of
approximately O.084ha' (0.21 acres); would also be built on-site to reduce the volume of
stnictural material (such as metal, concrete, and glass), rock, and containerized decontamination
material, which would also facilitate waste handling and disposal. Following chemical treatment
or volume reduction, the contaminated material would be transported by truck to an on-site
en~eered disposal cell (Figure 1.4).
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The "disposal cell would include a bottom composite liner (synthetic membrane and
compacted clay), a leachate collection and removal system, and a multilayer cover system

. including an infiltration/radon attenuation barrier (Section 5.2.3). The design would incorporate
features used in disposal cells for radium-eontaminated uranium mill tailings (such as the OOE
Uranium Mill Tailings Rem.edial Action [UMTRA] Program disposal cell design) and solid and
hazardous waste (such as the Resource Conservation and Recovery Act [RCRA] disposal cell
design). This type of disposal cell is referred to as a combination cell. The cell would be located
on-site and would occupy an area of about 17 ha (42 acres).

Good engineering practices and appropriate mitigative measures would be used during
all excavation and constrUction activities to prevent or minimize potential erosion, dust
emissions, and contaminant releases. Following completion of remedial action activities and
closure of the treatment and storage facilities and disposal cell, the site would be graded and
vegetated. Clean borrow and topsoil would be used to reclaim excavated areas (including the
raffinate pits). The site would be graded to match undisturbed areas, prevent ponding, minimize
erosion, and provide a transition into natural drainages in the area. Except for the disposal cell,
which would be planted with grasses, the site wou,ld be seeded with hardy native vegetation,
including shrubs and trees. .

1.2.3 Alternative 7a: Removal, Vitrification, and Disposal On-Site

Under Alternative 7a, contaminated sludge, soil, and sediment would be removed from
the on-site and off-site source areas in the same manner· as identified for Alternative 6a. In
contrast to·Alternative 6a, the contaminated material under Alternative 7a would be treated by ..
vitrification rather than chemical stabilization. Under the· vitrification option, the highly
contaminated soil, sludge, and sediment would be placed in an enclosed vessel and melted, then
quenched with water to produce a small «0.64-cm [<O.25-in.] diameter) fritted glass product.
Organic contaminants and some inorganic contaminants would be destroyed by the high
vitrification temperatures, whereas the radioactive and other inorganic contaminants would be
trapped in the glass-like product. The fate of contaminants during vitrification is shown in

.Table 1.3. The lightly contaminated soil and sediment and the structural material would not be
vitrified. .

Two treatment facilities would be built on-site: a volume reduction facility identical to
that described for Alternative 6a and a sludge processing facility (0.40 ha [1.0 acre» with
dewatering and vitrification systems. 'Contaminated sludge and sediment would be. dewatered
·prior to vitrification, and the water removed during the dewatering process would be treated
in the on-site water· treatment plant. The dewatered material would then be fed to the
vitrification system fOf treatment. An off-gas treatmE;nt system (e.g., primary and aerosol
scrubbers) would be used to remove entrained dust, submicron aerosols, and noncombustible
gases created during vitrification of contaminated soil, sludge, and sediment: As a final filtration
step, all off gas would be passed through high-efficiency-particulate air (HEPA) filters.
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,;. I' •TABLE 1.3 Fate of Contaminants during Vitrification

I

, Fate of Contaminants as Percent of Feed

, Encased in I Scrubber Released to
Annual Glass Residuals Atmosphe~b

Contaminant Unit Feed Rate!' (%) (%) (%)

Metals tons
Arsenic 283 n.57 22.43 5.9 x 10-6
Cadmiwn 1.4 75.05 24.95 6.6 x 10-6
Chrorriiwn 2.4 99.n 0.23 1.2 x 10-8 1
Copper 18.7 99.n 0.23 1.2 x 10-8 1
Lead ,173 93.12 6.88 1.8 x 10-6 I
Mercury 03 0 40.0 60.0
Nickel 21.4 99.n 0.23 1.2 x 10-8
Seleniwn ' - 23 0.06

i . ',or ~.

99.94 2.6 x 10'.5
Vanadium" 196 ' 99.n 0.23 12 x 10-8
Zinc 16.9 98.18 i 1.82 9.2 x 10-8i-

:~t -
Inorganic anions tons

Cf.t Chloridec 03 0.10 94.90 4.99
.t.• Fluorided 23 99.n' 0.23 0.0023
;:'-. Nitratese 141 0 SO.O SO.O •:~i

Nitritese 1.4 0 SO.O SO.O. '.,;.

sulfatE! ' 262 74.07 2333 2.59

Nitroaromatic compoundsB tons
2,4-DNT 0.2 <0.10 <0.10 0.0001
2,6-DNT 0.2 <0.10 <0.10 0.0001
2,4,6-TNT 5.9 <0.10 ' <0.10 0.0001

,I';c,-,

Other tons ,
Organic nitro groups 13 0 50.0 SO.O

, Thermal NO ti 274 0 9530 4.7x
1.2 x 10-8Total nonvolatile solids 45,600 99.n 0.23

Radionuclidesi Ci
Actiniwn-227 16.2 99.n 0.23 1.2 x 10-8
Lead-21O 58.5 93.12 6.88 1.8 x 10-6
Polonium-210 55.1 99.n 0.23 1.2 x 10-8
Protactiniwn-231 20.4 99.n 0.23 1.2 x 10-8
Radium-226 ' 23.6 99.n 0.23 1.2 x 10-8
Radium-228 5.7 99.n , 0.23 1.2 x 10-8
Thoriwn-230

I

1.2 x 10-8458 99.n 0.23
Thoriwn-232 53 99.n 0.23 1.2 x 10-8
Uraniwn-235 1.28 99.n 0.23 1.2 x 10-8
Uraniwn-238 27.9 99.n 0.23 1.2 x 10-8

,See next page for footnotes. •i

I:
'1'
I
I
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TABLE L3 (Cont.)

a Based on an annualized daily average feed of 125 tons per day.

b Estimated from the expected operating conditions for the vitrification and off-gas treatment
systems. .

C Chloride is released as hydrogen chloride (HCI).

d Fluorides are not expected to volatilize and are therefore assumed to be released in the mineral
form, e.g., apatite.

e Released as nitrogen dioxi~e (N~).

f Sulfate is released as sulfur dioxide (~). .•

S Fate of nitroaromatic compounds is based on an assumed destruction and removal efficiency
of 99.9999%. Partitioning between glass and scrubber sludge is based on an assumed treatment
system efficiency of 99.9% and a destruction efficiency of 99.9%.

h Thermal nitrogen oxides (N0x) are not present in the feed but are created from nitrogen and
oxygen in the air; except fur annual feed rates, quantities are reported as percentages of the
NOx-fonning components of the feed (nitrates, nitrites, and organic nitro groups).

The activities of actinium-221, protactinium-231, and iu'anium-23S are derived from the radio­
logical source term analysis for the raffinate pit sludge (Table 23 of the baseline assessment
(DOE 1992a]). Radon-222 is not included in this table because it was assumed that 100% of~
radon is released to the atmosphere. It is estimated that about 100 Ci of radon-222 would be
released from the off-gas treatment system over a 4-year period.

Source: MK-Fe~n Company and Jacobs Engineering Group (1992b).

Two on-site disposaJ, cell designs could be used for Alternative 7a (Figure 1.5). Because
the vitrified waste would be Chemically inert and the vitrified product very resistant to leaching,
this material could be dispo~d of in a cell with a single foundation liner (the vitrification cell).
The untreated waste (i.e., soil, sediment, and structural material with relatively low contaminant
concentrations) could be stored in an adjacent cell (the combination cell) with a design similar
to that identified for Alternative 6a, except smaller. The total area covered by both cells would
be about 17 ha (42 acres), 4.9 ha (12 acres) for the vitrification cell and 12 ha (30 acres) for the
combination cell~

Good engineering practices and appropriate mitigative measures would be used during
all excavation and construction activities to prevent or minimize potential erosion, dust
emissions, and contaminant releases. FollOWing completion of remedial action activities and
closure of the treatment and storage facilities and disposal cell, the site would be renovated in
the same manner as described for Alternative 6a.
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1.2.4 Alternative 7b: Removal, Vitrification, and .Disposal at the Envirocare Facility

Under Alternative 7b, contaminated material would be removed from source areas in
the same manner as identified for Alternative 6a. The contaminated materiai would be treated
in same manner as described for Alternative 7a and would also require a voh,J,me reduction
facility and a sludge processing facility with dewatering and vitrification processes. Material not
vitrified would be delivered to a 4-ha (lo-acre) staging and loading area located on-site. At this
area, the untreated material would be placed into specially designed containers for off-site
transport. These containers would be similar to those used for DOE's UMTRA program; the
containers fit on railroad flatcars specially designed for their use. .

Both the vitrification and volume reduction facilities would be equipped to directly load
containers. After filling, the containers would be covered, sealed, and decontaminated. The
filled containers would be placed onto low-bed trucks (one container per truck) equipped with
brackets to secure the containers. The containers would then be transported to a 4.5-ha (II-acre)
rail siding nearWentzvi1l~,Missouri, where they would be transferred to the railroad flatcars
for transport to the Envirocare facility near Clive, Utah. The Envirocare facility is· currently
accessible by a rail siding. At this siding, the containers would be transferred to trucks and then
transported to a disposal cell· with a design assumed to be similar to that identified for'
Alternative 7a (Sections 5.3.3 and 5.4.3).

• Good engineering practices and appropriate mitigative measures would be used duririg
all excavation and construction. activities to prevent or minimize potential. erosion, dust
emissions, and contaminant releases. .Following completion of remedial action activities and
closure of the treatment facilities, the site would be renovated in a manner similar to that
identified for Alternative 6a. Following removal of contaminated source areas, excavated areas
would be backfilled with clean borrow and topsoil, and the site would be graded to incorporate
broad, gently sloping drainage swales into natural drainage paths. The site would then be
seeded with hardy, native vegetation

1.2.5 Alternative 7c: Removal, Vitrification, and Disposal at the Hanford Facility

e

The removal and treatment of contaminated material Under Alternative 7c is identical
to that identified for Alternative 7b. Under .Alternative 7c, contaminated material from the
Weldon Spring site would be placed in an engineered disposal cellioeated at the 200-West Area
of the DOE Hanford facility near Ri~d,Washington Packaging and transport of the treated
and untreated mateiial from the Weldon Springsite onto railcars at the Wentzville siding would
be identical to that identified for Alternative 7b. The,contaminated material would then be
transported to the Hanford facility. The Hanford facility is currently accessible by a rail siding,
and the waste containers would be transferred at the site to trucks and then transported to a
disposal cell with a design similar to that identified for Alternative 7a. The disposal cell is .
assumed to require approximately 17 ha (42 acres), and cell design considerations and support
facilities are assumed to be similar to those identified for Alternative 7a (Sections 5.3.3 and 5.5.3).
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1.3 AFFEcrED ENVIRONMENT ':
I,

1.3.1 Weldon Spring Site

The Weldon Spring site is located on the drainage divide of the Missouri and
Mississippi rivers, about 2.4 km (1.5 mi) northwest of the Missouri River. The 88-ha (217-acre)
chemical plant area contains about 40 bUildings and structures~ four man-made retention ponds
(raffinate pits), two man-made ponds (Ash Pond and Frog Pond), and two former dump areas'
'(Figure 1.6). These stnlctures and areas are radioactively andI or chemically contaminated. Most
of the area surrounding the chemical plant area is part of the MDOC Busch Wildlife Complex
(6,835 ha [16,890 acres)). This complex co~ists of three wildlife areas: the August A Busth
MemorW Wildlife Area (2,829 ha [6,987 acres]) to the north of the chemical plan~ area, the
Weldon Spring Wildlife Area (2,978 ha [7,356 acres)) to the south and east, and Howell Island
Wildlife Area (1,031 ha [2,547 acres]) in the Missouri River to the southeast of the chemical plant
(MDOC 1989). .

•

:' Much of the chemical plant area (approximately 66 ha, [162 acres)) is developed (i.e.,
~industrial,ized) and con~ grassland and old-field habitatS that are subjected to' periodic
,mowing.' The remainder 'of the area (about 22 ha [55 acres] in the northwestern portion.of the
site) consists of relatively undisturbed old-field and upland forest habitat. In adQjtion to a '" '.

:resident fauna, the chemical plant area (and particularly the northwestern portion of the site) is
probably utilizedby a number of species that move freely between on-site andoff-site locations.

Aquatic habitats at the chemical plant area cover about 15 ha (38 acres) and ~ud.e. the
"nlffinate pits, Ash. Pond,~Frog Pond, and the drainages from these ponds; all contain surface
water, sediment, and, soil that are radioactively and chemically contaminated., The on-site

,surface waters attract waterfowl and shorebirds, and large numbers of waterfowl have at times '
, been observed using some of these habitats. Waterfowl that have been obserVed ~t the raffinate
pits and Ash Pond include wood duck, mallard, blue-winged teal, scaup, and Canada goose
(Hlohowskyj 1990).

The nearby wildlife areas (Figure 12) contain a variety ofhabitats, including grasslands, ,
wetlands, forests, and cultivated fields of row crops and grasses; forest habitats are the most
abundant and Widespread. Existing aquatic habitats include over 30 lakes and 60 ponds. A total
of 29 mammal species, 47 reptile species, 25 amphibian species, and 105 fish Species have been
reported from St. Charles COWlty (Dickneite 1988), and many of these species occur at the
wildlife areas. At least 277 avian species having been reported from the wildlife areas (MDOC
1991), and more than 100 species breed in the area.

1.3.2 Wentzville Rail Siding

'The proposed rail siding that could be constructed under Alternatives 7b and 7c would
be located along the 'existing rail lines in the town of Wentzville, Missouri. Wentzville is

j

i

•
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FIGURE L6 Terresbial and Aquatic: Habitats at the Weldon Spring Site
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· approximately"24 kIn (15 mil north~estof the Weldon Spring site. No wetlands (U.S. Fish and •
Wildlife Service 1989) or floodplains (Federal Insurance Administration 1978) are located along
the existing rail lines, and no state-listed species or sensitive communities are known,to occur
in the Wentzville area (Dickneite 1991). The area currently containsseveraI rail sidings and is .
served by both the Union Pacific arid Burlington Northern railroads (Section 4.2.22)..

1.3.3 .. Enviroc:are Site '.

The Envirocare site near Clive, Utah, contains a commercial disposal facility licensed
by the state of Utah for naturally· occurring radioactive material (NORM), as well as mixed
NORM and chemically hazardous waste. The site is located on the eastern edge of the Great Salt
Lake Desert in Tooele. County, Utah, approximately 129 Ian (81 mil west of Salt Lake City

· (Figure 1.7). The Envirocare site occupies approximately 220 ha (540 acres) in a county set-aside
area zoned for'radioactive waste diSposal, and is located approximately 0.62 Ian (1 mil south of
a rail switch point identified. as Clive (Figure 1.8). Approximately 40 ha (100 acres) adjacent to·
the site is the disposal location for uranium mill tailings removed from Salt Lake City as part. .

" of the UMTRA program (Envira<:are of Utah. 1991). . Much of the land surrounding the
~~ Envirocare site is public domain administered by the U.s. Bureau of Land Management (DOE
.;~ 1984). .

The Envir6care site is situated in an arid desert area rated by the Bureau of Land,.'
Management as being poor for grazing or forage production. Vegetation at the site is a.homo­
geneous, semidesert low shrUbland, composed primarily of shadscale (Figw:e. 1.9). This
shrubland is part of the northern desert shrub biome of the cold desert formation and has been .

. .: described as a saltbrush (shadscale)-greasewooq shrub complex (DOE 1984). Plant communities
· identified in the area are shadscale-gray molly, black greasewood-Gardner saltbruSh, and a·

shadscale-gray molly/black greasewood transitional community (Figure 1.8); all three
communities are low in species diversity. The vegetation forms an important ground cover that
provides habitat for wildlife.

Animal species reported .from the area - all of which may breed or nest there - .
include black-tailed jackrabbit, deer mouse, grasshopper mouse, homed lark, and desert homed
lizard (Envirocare of Utah 1991). No wetlands or other aquatic habitats are present at or in the
vicinity of the Envirocare facility. The nearest stream channel ends approximately 3 Ian (1.9 mil
east of the site, and the nearest body of permanent Surface water is Big Spring, about 45 km
(28 mil east of the facility. .

1.3.4 Hanford Site

The Hanford site (comprisirig approximately 1,450 km2 [560 mi2]) is located within the
Pasco Basin of the Columbia River; a semiarid region of desert in southeastern Washington State.
Because the site includes widely spaced clusters of industrial buildings, much of this desert is .'
undeveloped. The developed areas account for only about 6% of the total land area of the site.
No livestock grazing or tillage has occurred there since the early 19405.
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FIGURE 1.9 Vegetation Map of the EnvirocueSite (Source: Modified from DOE
1992c, Figure 2-4)
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The Columbia River flowsl;'through the northern part of the site and forms the site's
. I . ~ . .

eastern boundary (Figure 1.10). ~ section of the Columbia River, referred to as the Hanford
I , .1

Reach, is the largest &ee-flowing portion of the river; however, the daily and seasonal water
fluctuations have been altered by dams upstream and downstream of the site (pacific Northwest
Laboratory 1991). The major portion of the site provides a buffer around the smaller areas used
for production of nuclear materials, research, and waste ·management and 4isPosal. This buffer
is composed of several national ~d state· wil,dllfe refuges, including the Saddle Mouittain
National Wildlife· Refuge and the s'tate Wahluke Wildlife Refuge Area to the north, the Arid
landS Ecology Reserve to the west and southwest, the state Rattlesnake Slope Wildlife Refuge
Area to the southwest, and the McNary National Wildlife Refuge to the east along the Columbia
.River (Figure 1.11). The. location evaluated for the potential off-site disposal cell is the200-West
Area of the 200-Area plateau.. This area contains the Hanford waste management facilities and
the Plutonium Processing Facility (DOE 1991). .

The Hanford site is characterized by shrub-steppe desert that supports numerous plant
and animal species adapted toa semiarid ~nvironment(Pacific Northwest Laboratory 1991). The
site supports eight major vegetation types (Fi~ 1.12). The potential disposal cell would be
located in the 2OQ-West Area, which is dominated by the sagebrush/cheatgrass or sagebrush/

--: Sandberg's bluegrass community type. More than 100 plant species occur in the 2OO-Area .
. plateau, and mosses and lichens are common .on the soil surface. Because of past grazing,
cheatgrassaccounts for 50% of Ute plant cov~rin the 200-Ai'ea plateau (Pacific Northwest·
Laboratory 1991). . .. . . . . .

. The Hanford site contains no marshes, estuaries, or designated wetlands. The banks of
.: the Columbia River (and its islands).afford some semiaquatic habitat. Of the three ponds on-site,

only one (West Lake, near the 200-East Area) is natural. The remainder are semipermanent
artificial ponds created for the disposal of cooling water. These ponds are dominated by cattails,
reeds, and trees such as willow, cottonwood, and Russian olive.

Several passerine bird species - including the sage sparrow, sage thrasher, and .
loggerhead shrike - rely on sagebr.ush or bitterbrush for nesting ~bitat, the yegetation type
typical of the 200-West Area. Bitte~brush is also an important browse for mule deer. Mature
sagebrush and ~itterbrushbum readily, creati!1g habitat devoid of shrubs that is suitable for
ground-nesting birds such as the long-billed curlew, hornedJark, Western meadowlark, and
burrOWing owls. More than 125 species of birds· are found throughout the site. .

, .
ApproxiIIiately 30 species :of~ and more than 300 species of terrestnal ami

aquatic insects have been documented on the Hanford site (Pacific Northwest Laboratory 1991).
Abundant mammal species include the Great Basin pOcket mouse, deer mouse, Townsend's
ground squirrel, Northern pocket gopher, Western harvest moUse, sagebrush vole,' and

: Merriam's shrew.· The principal predator is the coyote. Grasshoppers and darkling beetles are
. the most conspicuous groups of insects and form important components of the prey base of birds
, and mammals. Sixteen species of amphibians and reptiles have been observed at the site. The

side-blotched lizard is the most common and is found throughout the site.

•
j
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•

•
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FIGURE LU Distribution of Vegetation Types on the Hanford Site (Source: Modified
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,1.4 THREATENED AND ENDAN~EREDSPECIES

, ,

, Spe.cies listed, as ~eatenedor endang~redandcandidate species and species under
status review (see Section L5) po~ntia11y occu.rring in areas' that could be affected by the
remedial action alternatives were identified through informal consultations with the U.S. Fish
and Wildlife Service (Treger 1988; ,Brabander 1990, 1~1, 1992; Gloman 1991; Johnson 1991;
Benton 1992; Charbonneau 1992; Flotlin 1992), the MDOC (Dickneite 1988, 1991; Gaines 1988;

. !l '

Dieffenbach 1990;Figg 1991); and the Utah Department of Natural Resources (Fairchild 1991).
Letters of consultation with the U.S; Fish and Wildlife Service are reproduced in Appendix J of
thisFS.' '

, I.!.' "
The term critical habitat for. a threatened or endangered species means the specific areas

. within the geographical area occupied by the ,spedes on which are found those physical or
biological features essential to the conServation of the species and which may require special '
management considerations,or pro~ectionDesignated critical habitat may also include specific
areas o~tside the geographical area,occupied by the species that have been determined by the_
Secretary of the Interior (or Commerce) to be eSsential for conservation of the species.

:;
~1.4.1 Weldon Spring Site

1.4.1.1 Bald Eagle (IlJdUz~tJls leucocephldus) - Endangered
• , • 1. .

.The bald eagle is listed as endangered In Missouri. This bird of prey inhabits muCh of
, ,North America from the Arctic to tJ:\e Gulf of Mexico. Generally, this spedes nests within 0.8 km·
'~·(O.5 mi) of water and feeds on fisl1: arid waterfowl. Populations of this once common species'

declined since the mid 18005 because of factors such as pestiddes in prey, habitat loss and
fragmentation, and hunting. SinceUle species was listed (1967), populations in some areas (e.g.,
Wisconsin and Michigan) have been increasing, The bald eagle is known to occur at the Busch
Wildlife Area where it is an uncommon spring and fall visitor (MDOC 1991). Bald eagles use
the Howell Island Wildlife Area as a roost site in winter (Gaines 1988; Brabander 1992). The
bald eagle has been sighted in St: Charles County on the last six bald eagle winter counts, and

.an average of 25 have been sighted in the courity each year. No suitable or designated critical

.,habitat 'for this species has been identified at the chemical plant area or at areas proposed for
remediation under the current action.

.'

•

L4.1.2 Peregrine Falcon (Falco peregrinuS) - Endangered ,

Peregrine falcons are typically found near wetlands (rivers, marshes, estuaries, and
.shorelines) and in open.country. They feed principally on songbirds, shorebirds, and waterfowl,
,capturing their prey on the wing. ForagiI)g occurs over large areas. The peregrine falcon nests

\ .' .
on cliff faces, river banks, in abandoned raptor nests, and' on buildings. Like bald eagles, •
peregrine populations have been seriously affected in the, past by pesticide use, particularly DDT ','

,(dichlorodiphenyltriChIoroethane). Captive b~ding programs and a ban on DDT 'use have
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contributed to· the reestablislunent of peregrine populations nationwide. Transient occurrences
of peregrine falcons have been reported from 51. Charles County (Gaines 1988), and the species
is considered a casual spring and fall visitor at the Busch Wildlife Area but is not observed every
year (MDOC 1991). The nearest hack site is located about 48 kIn (30 mi) east of the chemical
plant in downtown 51. Louis (Charbonneau 1992). No designated critical habitat for this species
has been identified in the vicinity of the chemical plant area..

1.4.1.3 Interior Least Tem (Sterna antillanmt) - Endangered

Least terns nest on bare to sparsely vegetated beaches, including salt flats, sand and
gravel bars, spits, and islands (U.s. Fish and Wildlife Service 1988). Small nesting colonies occur
on large open sandbars along the Mississippi River in Missouri (MDOC 1984). At one time,
nesting also occurred along the Missouri River (MDOC 1984). Populations of this species have
been declining as a ~sult of habitat loss and degradation following dam construction, stream
chann~lization,and water withdrawals for irrigation (MDOC 1984; U.S. Fish and Wildlife Service
1988). Transient occurrence~of this bird have been reported dUring the summer from St. Charles
County (Games 1988). It.iS known to visit the Busch Wildlife Area where it is considered a
casual spring and fall visitor that may not be observed every year (MDOC 1991)~The least tern
forages on small fish. and insects. No nesting habitat is known in the Missouri River in the
vicinitY of the Weldon Spring site (Charbonneau 1992), and no designated critical habitat exists
at the chemical plant area, although migratory individuals may forage at the on-site wetlands
and the off-site lakes.

1.4.1.4 Pallid Sturgeon (SClJl'hirhynchuS albus) - Endangered

The pallid sturgeon is a large bottom-dwelling fish found primarily in large turbid
rivers, where it lives in strong currents over areas with sandy or gravelly bottoms. In Missouri,
this species is restricted to the Missouri River and to a small·section of the Mississippi River
from its confluence with·the Missouri River to a few miles upstream (Pflieger 1975). Although
little is known. about the life history of this species, spawning is between early June and early
August (Pflieger 1975). It feeds on aquatic insects and small fish. The pallid sturgeon has been
reported from the Missouri River near the Weldon Spring site (Games 1988; Brabander 1992).
This species has been reported from the Missouri River at the U.S. Route 40/61 crossing of the
Daniel Boone Bridge (Gaines 1988), approximately 5 km (3 mi) downstream of the confluence
of the Southeast Drainage with the Missouri River (Gaines 1988; MDOC 1989).

1.4.1.5 Decurrent False Aster (Boltonia decumms) -: l'hreatened

The deairrent~ aster (known as "starwort" in Missouri) is it composite that can be
.found on alluvial soils bordering sloughs, ditches, ponds, and streams. It has been reported
from St. Charles County at 'two locations along the Missouri River (Figg 1991). The decurrent
false aster has not been documented from the Weldon Spring area and is not expected to ·occur
at the chemical plant area (Brabander 1992).



1.4.2 Wentzville Rail Siding
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No listed species are expected to occUrl at the Wentzville rail siding (Brabander 1991).

" , j

L4.3 Envirocare Site

1.4.3.1 Bald Eagle <Htdiaeetvs leucocepludus) - Endangered

The endangered:peregrine falcon is untommon in Utah. The Utah DiVision of Wildlife .
. Resources and the Peregrine Fund (Boise, Idaho) have been attempting to reintroduce this .
d'species to the state Oohnson 1991).. Hack towers have been erected arollrtd the Great Salt Lake
" in an effort to establish a core population in the surrounding marshes Oohnson 1991). One hack,

site constructed on the north end of the Stansbury Mountains near Timpie, Utah, now supports
a .nesting pair of peregrine falcons that are returning to use the box. This site is approximately

. 42 km (26 mi) east of the Envirocare site.. A seco~dhack site, on Antelope Island about 89 kIn ,
(55 mi) northeast of the ,site, is also'being used by a pair of falcons. No nesting habitat for this .
species occurs at the Envirocare site.

The bald ~agle is liste~ as endangered in Utah, where it is primarily a winter resident. •
Two active nests have been documented in the southeastern portion of Utah, and the state
supports one of the largest wintering populationS of bald eagles in the country Oohnson 1991).
Birds usually begin arriving ill. mid November and leave by March. Rush Valley -located
about 48 km (30 mi) east of the EnVirocare site~ supports one of the largest concentrations of
bald eagles in Utah; as many as 200 birds have:been counted in this area. Skull Valley,. about

,24 km (15 mi) east of the. Envirocat;e site, supportS a smaller.number of Wintering bald eagles..
. No eagles are knoWn to overWint~r in the immediate vicinity of the Envirocare site and no
~,. designa~dcritical habitat is present at the site; this species possibly occurs in the geileral vicinity
~ ofthe potential disposalcell.' ' .

'f

1.4.3~ Peregrine Falcon (F~lcoperegrinus)- Endangered •

" 1.4.4 Hanford Site

1.4.4.1 Bald Eagle CHaliaietvs leucocephalus) - Threatened

The bald eagle is listed as.threatened ill Washington. 'It is a winter resident aIong the
Columbia River, feeding on dead salmon and waterfowl, but it does not nest on the Hanford

, site. From 1980 to 1990, the numbe,~of wintering eagles ranged from 35 to 55; one-third toone­
half of these were adults. A bald eagle 'roost has been documented on the Columbia River at
a point 16 km (10 mi) north of the. 20Q Area (Flotlin 1992). Although rio inland surveys have
been conducted for bald eagles, they are not expected to occur near the 200-WestArea because

. . ' i .

..
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of the absence of suitable foraging or roosting habitat in the area ,and because of the distance
(about 8 km [5 mi» from the Columbia River. .

1.4.4.2 Peregrine Falcon (FllleO l'eregrinus)- Endangered.

The peregrine falcon is an occasional spring and autumn migrant through the Hanford
area, but it does .not nest there. Old records indicate that there were 12 historic nest sites in the
Hanford area (DOE 1991). Currently, seven nesting pairs are present in the state of Washington. '

. In winter, total numbers increase as migrants pass through the area. No inland surveys have
been conducted for peregrine falcons; however, their prey is usually associated with the
Columbia River (DOE 1991). As a result, the 2OO-West Area is not likely to be used by peregrine

,falcons, although some birds might venture inland from the Columbia River in, search of
songbirds. '

1.5 CANDIDATE SPECIES OR SPECIES UNDER STATUS REVIEW

The species described in Sections 1.5.1 and 1.5.4 have been classified as Category 2 (0) .'
species by the U.S. Fish.and Wildlife Service (1991b). A taxon is listed as C2 when,the Fish and
Wildlife Service has information that indicates that proposing to list the species as endangered
or threatened is possibly appropriate but conclusive data on biological vulnerability and threat
are not currently.available. Taxa classified as C2 are.Considered to be candidates for possible .
addition to the list of Endangered and Threatened Wildlife (U.S. Fish and Wildlife Service 1991a). '
The status of the long-billed curlew (see Section 1.5.4.1) has recently been change~ from C2 to
3C; a 3C status indicates: that the taxon has proven to be more abundant or Widespread than

, previously believed and/or is not subject to any identifiable threat., .

, 1.5.1 Weldon Spring Site

1.5.1.1 Sicldefin Chub <Macrohybol'sis meeki) - C2 Status

The sicklefin chub occurs throughout the Missouri River and in the MissisSippi River
downstream from the Missouri'(Pflieger 1975). This small fish «10 em [4 in.]) is restricted to
the main channels of large turbid rivers with a bottom of sand or fine gravel. Although this
species is presumed to be a bottom feeder, little is known about its food habits (pflieger 1975).
Because of its numerous taste buds, the sicklefin chub is thought to be a specialist feeder,
'locating food by taste. Yo~g have been collected from the Missouri River in July, suggesting
that spawning is likely to be'in spring (Pflieger 1975). This species occurs in the Missouri River
in, the vicinity of the Weldon;Spring site (Brabander 1992). Thesicklefin chub has been reported
from the 'Missouri River at the U.S. Route 40/61 Daniel Boone Bridge, about 5 Ian (3 mil down­
stream of the. confluence of the Southeast Drainage with the Missouri River (Gaines 1988; MDOC
1989); near Pelican Island in St. Charles County, about 45 km (28 mi) downstream from the



'.. - mouth of the Southeast Drainage cFigg 1991); and 1~6 kIn (1.0 mi) north of Creve Coeur Airport
· in the Missouri River in St. Charle~.County cFigg 1991);' .'

':
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1.5.1.2 StUrgeon Chub (Maerohybopsis geUda) - C2 Status

The distribution and habitat requirements of the sturgeon chub are very similar to the
.. sicklefin chub: This Sinall fish (<8. em [3. in.]) does not" enter tributary streams, and it is not
· found in the Mississippi River nprth of its coI:illuence with the Missouri ·River. Neither the .
· feeding behavior nor the reproductive habits of this species are known (pflieger 1975). Like the
- sicklefin chub, the sturgeon chub Occurs in' the Missouri River in the vicinity of the Weldon
Spring site (Gaines 1988; Figg 1991; BrabaJ;lder:·1992); It has been reported from the MissOuri
River near the U.s. Route 40/61 D~elBoone l3ridge (Gaines 1988) and near Pelican Island in
St.Charles County cFigg 1991). .

1.5.1.3 Alligator Snapping Turtle (Macrodemys temminCkiil - C2 Status .
.,· .. .

;~ The very large alligator snapping turtle is an aquatic turtle' that ranges from northern
~~Florida to southeastern Kansas, Missouri, and)llinois. The preferred habitats of this species
"!§ include da:p sloughs, oxbow lakes,' and deep muddy pools of large rivers 90hIlson 1987). This
,~ turtle spends most of its time in the muddy bottom of deep water, in root snags, and in other •
:'hiding places. At night it tends to actively. forage, whereas it spends the day in hiding and in .
."passive fishing by means of a lure-:like tongue (Carr 1952). The alligator snapping turtle feeds
· prima.rily on fish, but has been known to eat ·sInallturtles. Reproductive maturity is achieved
·at about 11. to 13 years. CoUrtship and breeding occur in late spring and take place "in water.
. The eggs, which are buried in banks above the .water line; hatch iI\ late stimmer ijohIlson 1987). .

Water pollution, habitat degradation, and overharvesting have contributed to the reduced
numbers of this species. The alligator snapping turtle has not been collected or observed ·in the
Weldon Spring Wildlife area and is not expected to occur in the area because of the absence of
suitable habitat (Miller 1991).

1.5.1.4 Eastem Massasauga (Sistrurils catenatus catenatus)- C2 Status .

The eastern massasauga is one of two subspecies of the massasauga rattlesnake ijohnson
1987). "rn: Missouri, the eastern massasauga is fOund in marshes or ,moist prairies that are within
or near large .river floodplains. This species is active from April through October, with 'much
time spent basking during warm sunny days, and it feeds primarily on voles, deer mice, and
small snakes. Courtship arid breeding take place in spring· or autumn, but litters may be
produced only.every other year ijohnson 1987). The distribution of this species in Missouri has

l.become restricted to a few isolated areas in the eastern, north,entral, and northwestern portions .
of the state as a result of habitat loss. The eastern masSasauga is known from St. Charles County
Oohnson 1987; Figg 1991; Brabander 1992); the nearest sighting was approximately-10 km (6 mi) .•
north of the Weldon Spring site (Charbonnea~ 1992).
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1.5.1.5 Bachman's Sparrow (Aimophila aestiT1alis) - C2 Status

The Bachman's sparrow ranges over the southeastern United. States north to
Pennsylvania and Ohio (Terres 1980). In Missouri, this species is near the northern edge of its
range, where typical nesting habitat is abandoned fields domi.ruited by goldi!nrods, asters, and
grasses. This sparrow nests from April to July, in nests usually built on the ground and
constructed primarily of fine grasses (Bent 1968). Because this bird is so secretive, little is known
about its life history, particularly its courtship behavior. Bachman's sparrow forages on the
ground, feeding on insects and seeds (Terres 1980). Habitat destruction and dependence on'
ephemeral, early-successional vegetation appear to be likely causes for its decline (MDOC 1984).
This species is listed as a casual spring and summer resident at the Busch Wildlife Area, bu~
there have been no records of breeders for at least 18 years(MDOC 1991).

1.5.1.6 Loggerhead: Shrike (Lanius ludOT1icianus) - C2 Status

The loggerhead shrike is a southern Nearctic sPecies, with a breeding range extending
from southern Canada to the highlands of southern Mexico (peterson 1980). This sPecies
inhabits .semiopen country, thinly wooded or scrubby lands with clearings, meadows, pas~s,
old orchards with thickets, and hedges (Terres 1980). During winter, the loggerhead sluike ~ds
largeiy on mice and small birds; in summer, insects become a large component of the diet (Terres .
1980). This species is identified as occurring in the Busch Wildlife Area in all seasOns; sparingly
recorded but generally every year (MDOC 1991), and isa probable nesting speci~ ~ the area.
Four loggerhead shrikes have been observed near the Weldon Spring site at the proposedborrow
area (Thomas 1992). .

-1.5.2 Wentzville Rail Siding

No candidate (C2) species or designated critical habitats have been identified at the site
of the Wentzville rail siding (Brabander 1991)..

1.5.3 Envirocare Site

No candidate. (C2) sPecies have been identified as occurring at the Envirocare site
Oohnson 1991).

1.5.4 Hanford Site

1.5.4.1 Long-Billed' Curlew Wumenius americanus) - 3C Status

The status of the long-billed curlew has been changed from C2 (Gloman 1991) to 3C
(Flotlin 1992), so the species.is not discussed in this docuritent.
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l.5.4.2·. Fenuginous Hawk :Wuteo regaUs) - C2 Status

The ferruginous hawk nes~ on cliffs, in trees, and on transmission towers. It isknowri
I .

to nest on transmission towers at the Hanford site (DOE 1991); howeve~, these ne$ts are more
than 16 Ian (10 mil from ~ 2OO-West Area (Weiss 1992). This hawk feeds on a variety of
animals, including snakes and pocket gophers. A once common species, it has been declining
because of conversion of native shrub~teppe habitat to agrlcu1ture, water diversion and
impoundment, and urbanization. In 1987, 63 nesting' pairs were report~'from Washington
(DOE ,1991)., The ferruginous hawk may forage in the 2OO-West Area.

",

L5.4.3 Western Sage Grouse (Centrocercus uroPhasul1Ius phaio~) - C2 Status

The western sage grouse almost exclusively' inhabits areas dominated by sagebrush
(Artemisia tridentata). It prefers level to gently rolling sites with slopes of less than 30% (DOE
1991). Breeding occurs during late spring in open areas of bare (or nearly bare) ground, called
leks, ranging ii\ size &om 4 to 40 ha (10 to 100 acres). These leks are usually adjacent to nesting

,jiand brood-rearing habitat, characterized by 20 to 40% cover of late.successional sagebrush.
.';'During winter, the sage grouse moves'to lower elevations, free of snow, and feeds almost solely
--On sagebrush leaves. ThroughoUt the year, :sagebrush accounts for over 60% of its diet.
Population decline has been attributed to habitat loss resulting from military training exercises,

.~1and conversion to agricUlture, habitat degradation resulting from livestock grazing, and wildfite
(OOE 1991). The western sage grouse population at,the Hanford facility is small and appears
to be confined to the slopes of the Rattlesnake Hills, about 8 km. (5 mi)south of the 2oa-West

,Area (Pacific Northwest laboratory 1991); oDIy one or two birds' are sighted annually near
~~RattlesnakeHills, and no broods have been seen since 1976 (DOE 1991); however, no systematic

swveys have been conducted.

1.5.4.4 Black Tern (Chlidcmiasniger) ~ C2 Status
. -

The black tern nests in prairie sloughs and marshes from Canada, south to Ohio and
as far east as New England, and winters along seacoasts. It nests in late spring and summer in

';:small, loose colonies on mats of dead vegetation. The black tern forages over marshes and
:meadows feeding on insects. This species alsO forages in shallow water, feeding on small fish,
'crustaceans, and mollusks (ferres 1980). No black terns have been reported from the Hanford
site, and the only Suitable habitat in the area is likely to be along portions of the Columbia and
Yakima rivers. Because of the absence of surface waters and marshes, none are expected in the
200-West Area.

•

•

1.5.4.5 Loggerhead Shrike (Lanius lUdot1icianus) - C2 Status ....

. The loggerhead shrike is a'southern Nearctic species, with .a breeding range
extending from southern Canada to .the highlands of southern Mexico (Peterson'1980). This •

. species inhabits semiopen,countr}r, thinly wooded or scrubby land with clearings, meadows,
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. .
pastures, old orchards with thickets, and hedges (ferres 1980).' During winter, the loggerhead
slu'ike feeds largely on mice and small birds; in summer, insects become a large component of
its diet (Terres 1980). 1bis species has been reported from sagebrush areas at the Hanford site
and may utilize the 200-W~stAreafor nesting and foraging (Pacific Northwest Laboratory 1991).

1.5.4.6 Bull Trout (SalT1elinvs confluentus) - C2 Status·

Before construction of dams and the introduction of warmwater fishes, the bull trout
was one of the dominant predatory fish in the Columbia basin (Li etal. 1987). The range of this
large species (>9 kg [20 1b])includes coastal and mountain streams of the Arctic, Pacific, and
Missouri river drainages; it is present from the southern Yukon to the headwaters of the
Columbia River drainage, northern Nevada, and the McCloud River drainage in northern
California (Page and Burr 1991). The habitat of the bull trout is deep pools in large cold rivers
and lakes, and the species is rarely ~dromous. This, and other species, have been impacted
by dam-related habitat changes and the introduction of exotic warmwaterfish assemblages,
although few exotics have yet become established in the Hanford Reach of the Columbia River
(Li et al. 1987). The bull trout has been collected from the Hanford Reach of the Columbia River
(Neitzel 1992), but no suitable habitat for this species occurs in the 2()()-West Area..

1.5.4.7 California Floater (Anodonta californiensis) - C2 Status

The California floater, a mollusk, occurs in flowing stretches of rivers in the Pacific
Northwest, espedally in those with a rocky bottom.. It has been reported from the Snake River
in Washington and Idaho but not from the Hanford Reach of the Columbia River. or from the
Yakima River (Neitzel 1992). No suita.ble habitat for this species ocCurs in the 2DO-West Area.

1.5.4.8 Columbia Pebblesnail (Fluminicola columbianus) - C2 Status

Like most gastropod mollusks, the Columbia pebblesnail (also referred to as the
Columbia River spire snai1~ Uthoglyphus columbianus) has a I-year life cycle: Eggs are deposited
during the spring as water temperatures begin to rise. This snail occurs on and under rocks and
vegetation in slow to rapid C\lITents of streams, and it has been reported from the Hanford Reach
(DOE 1991). As a result of logging, grazing, farming practices, withdrawal of water for
irrigation, and dam construction on the Columbia River and its tributaries, many streams arid
rivers no longer contain sui~ble habitat. for the Columbia pebblesnail (DOE 1991). Because of
the absence ofstreams in the :200-West Area, this species would not occur in the potential project
area.

1.5.4.9 Columbia Yellow-Cress (Rompa columbiae) - C2 Status

• . The columbia yellow-cress, a member of the mustard family, is a low-growing herb
found in small scattered patches along wet shorelines and islands of the Columbia River in
Benton and Skamania counties, Washington (DOE 1991). No systematic surveys have been
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conducted to determine the statUs iof· this species on the Hanford site. However, it is not
expected to be present in the 2OO-W~~t Area because of the absence of suitable habitat. .

•',:i,"

1.6 EFFECTS OF PROPOSED ACI10N AND ALTERNATIVES
ON SPECIES AND HABITATS .

"

1.6.1 Alternative 1: No Action

Currently contaminated hab,itats at the chemical plant area total about 88 ha (217 acres)..
. Under Alternative 1, potential expoSure of some listed species and other biota to thecoI:ltami-
.nants would continue as a result of (1) direct exposure to contaminated media at existing source
areas, (2) exposure of listed species to contaminants via food chain transport, and (3) movement
of contaminated groundwater and surface water to areas currently unaffected by site
contaminants.

No designatedaitical habitat for the bald eagle occurs at the· site or at any of the off-site
~.source areas. The bald eagle occurs in the area but has never been reported from the site and
·.;)is not~ted to frequent the site because of the absence of suitable habitat..This species might

. ~occasionally feed on fish from Lakes 34, 35, anq 36 in the Busch Wildlife Area and thus could
~potentiallybe exposed to contaminarits at these locations via food chain transfer., The bald eagle
'.tmay also feed on waterfowl (Kozie e,nd Anderson 1991), and food chain transfer of contaminants
from waterfowl to the bald eagle: (at other locations) has been previously reported in the.
literature (pattee and Hennes 1983). . If cOntaminantbiouptake and bioaccumulation are
\occurring in waterfowl using the contaminated,on-site 'surface waters, the bald eagle could be

· affected by foraging on contaminated waterfowl. Under the no-action alternative, the potential
. for this contaminant pathway to aff~ the bald eagle would continue. A similar potential eXists,
and would continue to exist, for food chain transfer of contaminants to the b~d eagle from

· ingestion of contaminated carrion or hunter-killed game, such as raccoon, pheasant, turkey, and
rabbit (Craig 1990); from ingeStiOIl. ()f contaIrilnated media such as surface water; or from

· absorption across body surfaces. '; .

r The interior leasttem coUld pot.entially be' affecte~ by contaminants present in the
lsediment of some off-site Jakes. ~ species could be expoSed while foraging in contaminated
~areas for small fish and~ts, thrQUgh direct dermal contact and/or ingestion of contaminated
media, and through food chain transfer from prey inhabiting contaminated sediment. .Because
of the infrequent occurrence of this species in the area and the apparent absence of biouptake
of contaminants in off-site biota, as' indicated by studies conducted to date (DOE 1992b), few or
no impacts are anticipated to this species. However, under Alternative 1, the potential for
'contaminant exposure of and adverse effects to the intenor least tern would continue.

The peregrine falcon might be exposed' through food chain transfer to site contaminantS
by feeding on other bird species that utiliZe the chemical plant area for foraging, nesting, and
roosting (e.g., starling, pigeon, and house sparrow). The transient nature of the peregrine falcon. '. .

•
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in the area suggests a very limited contaminant exposure potential for this species, but this
limited exposure potential would continue under the no-action alternative.

The pallid sturgeon, sicklefin chub, and sturgeon chub have been reported from the
Missouri"River and could be exposed to contaminants from the Southeast Drainage. Neither the
occurrence of these species in the MissoUri River in the vicinity of the Southeast Drainage, nor
the concentrations of all contaminants in the Missouri River at this location, are known. "The
pallid sturgeon and the sicklefin and sturgeon chubs are restricted to large rivers and are not
expected to enter the Southeast Drainage. Thus, these species are not expected to be directly
exposed to the contaminants in this drainage. These species might, however, be exposed to
contaminated sediment and surface water entering the Missouri River from the Southeast
Drainage (e.g., during storm events), and Wlder Alternative 1 the potential for such exposure
would continue. Similarly,. the bald eagle is not expected to utilize the Southeast Drainage
directly but might forage at or near its mouth and thus be exposed to site contaminants entering
the river." .

" Undercurrent conditions, only a very limited contaminant exposure potential is
expected for the pallid sturgeon, sicklefin and sturgeon chubs, and bald eagle. Upstream and
downstream uranium concentrations have been reported to range from 2.0 to 7.48 pCi/L and
2.0 to 9.52 pCi/L, respectively (MK-FergusonCompany and Jacobs Engineering Group 1990,
1991, 1992a), whereas the maximum reported sUrface water concentrationwi~ the Southeast
Drainage is 1,200 pCi/L. These data suggest that dilution within a short distance downstream
of the inflow of the Southeast Drainage will greatly reduce the surface water concentrations of

.. any contaminants entering· the Missouri River from the drainage and thus reduce the potential
for adverse affects to the listed biota and other species that might be present."

The .radiation dose to freshwater fish from exposure to contaminated water and
sediment at the confluence was estimated with· conservative assumptions (Monette 1992; DOE
1992a): (1) the radionuclidesin each series are in secular equilibrium, (2) the energy liberated
by each decay senes within tissues is totally absorbed by the organism, (3) radioactive
contaminarlts are distributed homogeneously within tissues, (4) organisms are continuously
exposed to the maximum radionuclide concentration reported in water samples from each water
body, and (5) all measurements below analytical detection limits are equal to the detection limit.
Using these assumptions, the resulting estimated dose to fish (such as the pallid sturgeon) is less
than the limit of 1 radld specified in DOE Order 5400.5 for the protection of native aquatic
organisms.

1.6.2 Alternative 6a: Removal, Chemical Stabilization/Solidification,
and Disposal On-Site

The removal of contaminated soil, surface water, sediment, and vegetation at the
chemical plant area would prevent the future exposure of biota to contaminated media. Some.
permanent loss of wildlife habitat would result from the implementation of this alternative;
however, no designated critical habitats for any of the listed, candidate, or review species would
be disturbed. Excavation of contaminated source areas would disturb approxifuately55 ha
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(137 acres) on-:site and fewer than ~ lui (5 acres) at ~e off-site areas. Following completion of
all remedial activities under this alternative, permanent loss of habitat would be limited to the

.. disposal ceU area of approximately17ha (42 a~res).

Potential impacts to local biota could occur under Alternative 6a as a corisequence of
(1) excavation of contlminated source areas, (2) constructionand operation of the treatment and
volume reduction facilities, and (3): construction and operation of the disposal cell. Excavation
activities. at the site are not expected to impact any endangered, threatened, or C2 species

' .. because no listed or C2 species are~known to eXist in or utilize the source areas. Similarly, no
· impacts to listed or C2 speCies are anticipate(j from the construction and operation of the

treatment and volume reduction facilities or the disposal cell. No construction or excavation
· activities. would either occur in or, affect habitats in the Missouri River. in any way; thus, no

impacts to the pallid sturgeon, sickelfin chub, and sturgeon chub are anticipated under.
Alternative 6a. In addition, any impacts associated with excavation and.construction activities
would be temporary. Good engineering practices and appropriate mitigative measures would
be used during all excavation and constrUction activities to prevent _or minimize potential
erosion, dust emissions, and con~t releases.

'ix -Remedial action activities at the site could potentially disturb overwintering bald eagles.
~ using the Howell Island Wildlife Area as a roost site. However, such impacts are expected to
.;;; be Iitinimal because. the distance from the Chemical plant to Howell Island Is approximately
.~ 3,200 m' (10,600 it) and the response of bald eagles to human activities has.been shown to be .. ' .e.. .

strongly.and inversely related to distance. Grubb and King (1991)~d the effects of human
disturbance on breeding ,bald eagles and reported the following median distances. that evoked
response from human disturbance: 300 m (980 it) resulted in an "Ciwareness" or alert response,

!- 150 m (490 it) resulted in a short distance flight;. and 100 m (330 it) caused departure from the .
· immediate area of human activity. Grubb and King (1991) suggested that vehicles be excluded

within at least 450.m (1,500 it) and restricted within 850 m (2,800 it) of breeding eagles. The .
. distance from the chemical plant <U'ea to Howell Island is about· 32 times greater than the
minimum median distance reported by Grubb and King (1991) to prompt the deparfure of bald
eagles from an area of human activity, 10 times greater than the median distance that evoked
an alert response, and almost 4 times greater than the distance recommended for vehicle·
restrictions. Thus, human activities at the chemical plant area are not expected to· disturb

'; overwintering bald eagles at Howell Island.· In addition, many of the types of p~destrian

activities shown to affect eagle behavior - such as walkirig, hiking, hunting, and fishing (Grubb
and King 1991) - are typical of visitors to the Weldon Spring and Howell Island wildlife areas.

Potential impacts to local biota (includirig listed and C2 species) could occur if the cell
failed and no corrective measures were taken to prevent the release of contaminants to the
environment. A monitoring well system would be installed to allow for the prompt detection .

.. of any loc~d releases from the disposal cell, and contingency plans would be developed and
would be applied to rapidly addres~:any releases. A leachate collection. and remov:al system fu "
the disposal cell would provide additional monitoring of the disposal cell and early detection .
of potential leachate migration. In addition, concentrations of some of the contaminants in the

.. ,'
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TABLE L4 Estim.ated Leachate Concentrations for Chemically
· Stabilized/Solidified Sludge and Quarry Soila

Estimat2d Leachate
Concentration

(mg/L) Maximum Leachate
Concentration

Raffinate Pit Quarry Allowedc

Contaminant Sludge~ Soil (mg/L)

Arsenic 0.218 <0.013 S.O
Barium 10.9 0.669 100.0

· Cadmium 0.003 <0.002 1.0
chromium 0.126 0.082 5.0
Lead <0.018 <0.018 5.0
Mercury . <0.0002 <0.0004 0.2
Selenium 0.061 <0.019 1.0

· Silver 0.012 <0.004 5.0
NB <0.020 0.813 2.0
2,4-DNT <0.020 0.017 0.13

a Concentrations in leachate are based on toxicity characteristic leachate
procedure (TCLP) testing of raffinate pit sludge spiked with the historical
high concentrations of contaminants aJ:\d quarry soil spiked with the
historical high concentration of nitrobenzene. Samples were stabilized/
solidified· using the blend fonnula determined by Gilliam and Francis
(1989) and cured for 28days. .

i b Sludge samples were taken from each pit .The highest leachate
concentration is reported here.

C TCLP limits; see Appendix G, Table G3 of this FS.

Source:. Waste Technologies Group (1992).

. .

leachate ttom the treated materials would be below the criteria used to determine whether a
waste is a characteristic hazardous waste· (Table 1.4). Thus,·impacts to listed species (and other
biota) would be minimized in the event ofa release of contaminants or leachate from the
disposal cell.

Under a scenario that assumes future loss of institutional controls and failure of the
disposal cell cover without corrective measures, contaminantS could be dispersed to the
environment as a result of transport from the cell by wind or water (rain). However, prior to
placement in the disposal cell, the most highly contaminated material would have been treated .
by chemical stabilization/solidification, thereby decreasing the mobility of the contaminantS and
increasing the resistance of the material to degradation and transport by wind or water.

Positive impacts to listed and C2 species would be incurred as a result of the removal,
treatment, and disposal of tl;te contaminated materials under Alternative 6a. Excavation ofthe
source areas would remove the contaminated material from direct exposure to the environment,
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and chemical stabilization/solidifid~on~ould ~educe contaminant mobility. In addition, the •
site wastes would be isolated from the environn),ent by containment in an engirleered disposal
'cell, which would further limitcon~tmobility. '

r:', !

1.6.3 Alternative 7a: Removal, Vitrifi~tion;and Disposal On-Site
"

j. I

ImpactS to biota under Alternative 1a .would be, similar in nature, magnitUde, and
duration to those identified for Alternative 6a; unpacts would result primarily from excavation
and construction activities, and treabneilt of contaminated materials. Alternative 1a would be

.similar to Alternative 6a because the same source areas would be excavated and similar on-site
areas would be temporarily disturbed by construction activities. The excavation of source areas '
would disturb approximately 55 ha (131 acres) on-site and less than 2 ha (5 acres) at the off-site
areas, and permanent loss of habitat would be lliiuted toth,e disposal cell area of approximately
11 ha (42 aeres).As for Alternative 6a, excavation, construction, and treatment activities under
Alternative 1a are not expected to disturb any 'listed species.. Because of the distance of the ...
Howell Island bald eagle winter roost area to the Chenu~plant, no disturbance of bald eagles

,from human activities at the Weldon Spring site isantidpated. No construction or excavation
~~activities would occur in or affect habitats in the Missouri River in any way; thus, no impacts
:';tothe pallid sturgeon, sickelfin chub; and sturgeon chub 'are anticipated under Alternative 1a.

Good engineering practices and appropriate mitigative 'measures would be used during
'1"all excavation and construction activities to prevent I' or minimize potential erosion, dust

emissions, and contaminant releases. No impacts to local biota' are anticipated from off-gas
, releases during contaminant vitrification. The off-gas treatment system would consist of air
pollution treatment and control de~ces (such as scrubbers and HEPA filters) and would be used,

. at all times during vitrification.

Alternative 7a 'would result in the temporary disturbance of about ,13,000 m2

(140,000 ftZ) of land along,a 5.3-km (3.3-mi) route in the Weldon Spring Wildlife Area that would
not be disturbed under Alternative 6a. ,This landis necessary for a natural gas pipeline that
would be constructed to fuel the vi~ationprocess. Construction of the pipeline, which would
parallel State Route ,94 (Figure 1.3),' 'could tempoiarily disturb habitat used by the loggerhead
shrike, a C2 species that occurs at the wildlife area and has been observed in the vicinity of the
proposed pipeUne (1homas1992). This area may also be used by Bachman's sparrow, although
no sightings of this species have been reported along the proposed pipeline area. Impacts to
these species, if any, would priIriarily result from construction noise and human activity.
However, because of the close proxi:Dlity of State Route 94, this area receives considerable traffic
and human activity. Thus, the potential tempo~ impacts from the pipeline construction are
expected to be minor and not result in any adverse effects to either the ,loggerhead shrike or

. Bachman's sparrow. Following completion of the pipeline, the disturbed areas would be
, restored to original contours and revegetated.

As for Alternative 6a, a monitonng well system and a leachate collection and removal
system would be installed to allow for the detection of any localized releases or leachate

. migration from the disposal cell. ContiIlgency plans would be developed and in place to rapidly·

~
"
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address any releases. In addition, concentrations of some of the contaminants in the leachate
. from the treated materials would be below the criteria used to determine whether a waste is a
characteristic hazardous waste. (Table 1.5). Under a scenario that assumes loss of institutional
controls and failure of the disposal cell cover, contaminants could be dispersed to the .
environment as a result of transport from the cell by wind or water (rain). However; prior to·
placement in the disposal cell, the most highly contaminated material would have been vitrified,
thereby destroying some contaminants, decreasing the mobility of all remaining contaminants,
and increasing the resistanc~ of the material to degradation and transport by wind or water.

Alternative 7a would result in the same positive environmental impacts as those
identified for Alternative 6a. Vitrification would destroy organic contaminants in some of the
treated material and would result in a significant reduction in contaminant mobility. As with
the chemically treated waste product, contaminant concentrations in leachate from the vitrified
materials would be below the criteria used to determine whether a waste is a characteristic
hazardous waste (Table.l.5). The site wastes would be isolated from the environment by
containment in an engineered disposal cell, which would further limit contaminant mobility.

.Off-gas emissions from the vitrification process could potentially increase impacts to local biota
(including some listed and. C2 species). However, impacts are expected to be minimal because
extensiveoff-gas controls (scrubbers and HEPA filters) would be used.

TABLE LS Estimated Leachate Concentrations for Vitrified Sludge
and Site SoU ..

Estimated Leachate
Concentrationa Maximum Leachate

(mg/L) Concentration
Allowedb

Contaminant ISV Class }HCM Glass (mg/L)

Arsenic <1 <1 5.0
Barium 0.04 0.04 100.0
Cadmium 0.01 <0.01 1.0
Chromium <1 <1 5.0
Lead <1 <1 5.0
Mercwy <0.03 <0.03 0.2
Selenium <0.01 <0.01 1.0
Silver <0.1- <0.1 5.0

a Concentration detennined from a previous study of raffinate pit sludge and
site soil with a modified extraction procedure (EP) toxicity test; further
testing (TCLP) of similar waste to be conducted at other DOE facilities
within the next several years will provide additional leachability data for
vitrification. ISV =in·situ vitrification; }HCM =joule-heated ceramic
melting.

b TCLP limits; see Appendix G, Table G3 of this FS.
Source: Koegler et a1.(1989).



I.~4 Alternative 7b: Removal, Vitrification, and DiSposal at the Envirocare Facility.
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Impacts to listed species could,result from ,four sou,rces: (1) excavation, construction, arid
. treatment activities at the WeldonS~;ringsite~ (Z) construction and operation of a rail si~g at
Wentzville; (3) construction ,and oPeration of a disposal cell at the Envirocare facility; and

. (4) transfer of contaminated media from the railcars to the disposal cell. Excavation, construc,,:
tion. and treatment activities at the. Weldon Spring site under Alternative 7b would be similar
.~ nature, magnitude, and duration to those identified for Alternative 7a. In addition, although '
no disposcl1 cell would be constructed on-site under tI:Us alternative, an· area similar to that
targeted for the cell under Altemativ.~7a would be temporarily disturbed becaUse site structures
and other contaminant sources would be removed from that location and it would then be used

. as the staging area to support waste'transport off-sire. Implementation of Alternative.7b would
also require the construction of a rail siding in Wentzville, Missouri. No federal-listed species
occur in the area, and none would~ expected to be impacted by the conStruction and operation
of the rail siding. ....,

., Construction ofa disposal cell at the Envirocare facility would destroy approximately 17 ha
~.(42 acres) of semidesert shrubland (shadscale anc:i gray molly). No wetlands pr floodplains occur
-.:,at the site. Existing vege~tion and some wildlife at the site would be destroyed, other wildlife
itusing the area would be permanently displaced, and wildlife in nearby areas would be tempo­
.li!rarily disrupted during cell construction. Waste-handiing activities (unloading waste containers '
~.at the rail siding and transporting containerS to the disposal cell) would result in only an
. incremental increase in disturbance "to local wildlife from hUman activities. .

•

•
. No impacts to the bald eagle and peregrine falcon are anticipated from activities at the

, . '~Envirocare facility. No designated Critical habitat, roost sites, or'nesting areas exist at, or in the
. 'Vicinity of, the Envirocare facility. Two peregrine falcon hack sites are located 42 kIn (26 mil east

and 88 km (55 mil northeast of the f3.cility. 'Beca'use of the distances from the Envirocare facility
to these areas, no impacts are anticipated to peregrine ~cons at these hack sites.

Disturbance to bald eagles from activities at the Envirocare facility is expected to be
minor. The bald eagle is known to winter in Skull Valley and Rush Valley, 24 Ian (15 mil and .
48 kIn (30 mi), respectively, east of the Enwocare facility. These distances are more than·
200'times greater than the l00-m (330-ft) distance from human activity reported by Grubb and

. King (1991) to prompt departure by ~agles from the immediate area. These distances are also .
80 and 160 times greater, respectively, than the median distances reported for human activities
to evoke an alert response by bald eagles and more than 25 times greater than the distance
recommended for vehicle restrictions to minimize bald eagle disturb~ce (Grubb and King 1991).

Given the possibility of lengthy foraging trips 'by the bald eagle and peregrine falcon,
~. individuals could potentially forage in the vicinity of the proposed disposal cell and be expo~d
·to the treated materials; also, the construction of the disposal cell could eliminate approximately i
17 ha (42 acres) of foraging area for theSe species. The impacts from exposure and loss of
foraging area would be minimized because (I} current. and future activities at the Envirocare. •
facility will likely: preclude the use of the inune<iiatesurroundings by the eagle or peregrine .
falcon, (2) many of the Weldon Spring contaminants would be physically bound in a vitrified .. j
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product and have a very low mobility potential, and (3) the vitrified and untreated materials
would be isolated from the environment by placement in an engineered disposal cell.

The Envirocare facility is currently operational, and waste handling, waste storage, and
environmental monitoring are occurring at the site. The facility includes transfer and storage
areaS, decontamination facilities, and a laboratory. The current monitoring program at the
Envirocare facility includes sampling, of about 10 of 42 wells located 'around the currently

, existing disposal cell. Samples are routinely analyzed for contaminants that are representative,
of the waste types present in the cell. Similar activities would be expected for monitoring the
containment effectiveness of the Weldon Spring waste.

Cell failure or the spill of a waste container during delivery to and handling at the site
could cause the release of vitrified material or less contaminated material. The site is currently
active in waste handling and disposal, and emergency spill and cleanup procedures are already
in place; additional contingency plans might be developed for the Weldon Spring waste. In
addition, the site haS decontamirlation facilities, an analytical laboratory, and monitoring and
maintenance programs. It is assumed that a leachate collection and removal system in ,the
disposal cell would provide addition'al monitoring of the disposal cell integrity iuu:l early
detection ofpotential leachate migration. In addition, the contaminant mobility from the vitrified'
product is extremely limited, and contaminant concentrations in leachate from'~ vitrified
product would be very low (fable 1.5). 'In the, event of cell failure, rapid implementation of
contingency procedures would be expected to limit the release of contamiIiants, to the

'environment. The Union Pacific Railroad, which owns the rail line that woul~be used to deliver ,
contaminants to the Envircx:are facility, employs hazardous waste emergency response t~
throughout its system. Information pertinent to shipment of the Weldon Spring waste ,(e.g.,
waste characteristics arid emergency handling information) would be entered into the railroad
computer system for access by the emergency response teams, if needed. A, spill contingency
plan would be developed and, in the event of a spill, an emergency response team would reload
the spilled material, test the area for residual contamination, and clean the area as needed. Thus,
potential impacts to listed 'species (and other biota) would be minimized in the event of an
accidental release of contaminants or leaching from the disposal cell.

1.6.5 Alternative 7c: Removal, Vitrification, and Disposal at the Hanford Facility ,

Impacts resulting from activities at the Weldon Spring chemical plant area and at the'
Wentzville rail siding would be the same for Alternative 7c as Alternative 7b. The amount of
land area impacted at the 200-West Area of the Hanford facility was assumed to be 'the same as
at the Envirocare facility (and the Weldon Spring site). About 17ha (42 acres) of vegetation and
wildlife' habitat (sagebrush/cheatgrass or Sandberg's bluegrass) would be permanently
destroyed. Construction and maintenance of a disposal cell at the 200-West Area would have
little effect on listed species in the area because (1) the conStruction activities would be
temporary, (2) the appropriate breeding and foraging habitats for the listed species do not occur
in the 2oa-West Area, and (3) the vitrified and untreated materials would be isolated from the
environment in an engineered disposal cell.
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The bald eagle is it winter J~identat the .Hanford facility and forages and roosts along •

.the Columbia River, ab9ut 8 km (5 Dli) from the 2OQ-West Area; no known 'nests or territories
occur at the Hanford site (DOE 1991); Although rio inlarid surveys have been conducted for bald

. .,l . .

eagles at the site, it is unlikely to occUr far from the riv~r, especially during winter when few
prey would be available in the 200-West Area. In addition, the shrub-steppe habitat present at ! .

the 2OO-West Area is not expected to provide suitable nesting or roosting habitat (large trees) for
this species. Human activities in the 200-West Area associated with cell construction and I

maintenance and other activities woUld further l1mit the likelihood of the bald eagle foraging in I
"the area of the disposal cell. 1 " ..

i
Disturbance to bald' eaglesaiong the Columbia River from construction and disposal .

activities at the 200-West .fuea is expected to be slight. The distance from the Columbia River
'to the 2OO-West Area is approxiinately 8 Ian (5mi), which is about 80 times greater than the
100-m (330-ft) distance from hwriariactivity reported to prompt departure by eagles from the

. immediate area and more than 25 tillies greater'than the median'distance'reported for human
activities to evoke an alert response by bald eagles (Grubb and King 1991). Thus, conStruction
and disposal activities at the 200-West Area' are not expected to affect wintering bald eagles
~ '., '

:aIong the Columbia River., J. , " ,,' .

~:'

," No inland sUrveysof the 2OO-West Area have been'conducted for the peregrine falcon; .
The peregrine fulcon, a transient migrant, would be eXpected to forage near and along the
Columbia River and to avoid the disposal cell area because of human activity. Furthermore; this .•.
species is not expected in the area dwing the summer when cell'construction would occur. At

. .: the Hanford facility, the western sag~grouse'(0) popUlation is small and appears to be confined
,,:entirely to the slopes of the Rattlesrlake Hills (pacific Northwest Laboratory 1991), about 8 Ian
!'(5 mil south of 200-WestArea. The construction and maintenance of a disposal cell at.the
,200-West Area is not expected to iIitpact these birds because of .~ distance involved.

The ferruginous hawk (0) could be impacted by the conversion of 17 ha (42 acres) of
shrub-steppe habitat. Loss of this ~bitat type has been dted as one factor contributing to the
decline of ferruginous hawk populations (DOE 1991). Because no recent surveys have been
conducted for this species, its present status at the Hanford site in general, and at the 200-West

"Area in particular, is not knoWn. Columbia yellow<re5S (0) occurs in wet areas along the
~Columbia River. The 200-West Area is primarily shrub-steppe habitat With'little or no surface
water present. Thus, there appears to be no suitable habitat for this species in the 200-West
'Area, and the Columbia yellow-cfeSswOuld not pe expected to occur at this location (DOE 1991).
The loggerhead shrike may occur in the 200-West Area (pacific Northwest Laboratory 1991) and
could be temporarily disturbed by construction and waste disposal activities. Disturbance due

, to construction noise and human activity would ;be temporary and cease following closure of~ .
. disposal cell. Construction of a disposal cell would destroy approximately 17 ha (42 acres) of

.. :.shrub-steppe.habitat ~t cOlJ1d be used by this. species for nesting and foraging.

Three C2 species identified as potentially occurring at the Hanford site - the bull trout,
California floater, and Columbia pebblesnail - are aquatic species confined to the Columbia
River. Consequently, they would not be affected by the construction of a disposal cell at the

. ,

•
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200.~!'Vest Area or by dispos~ activities at this location. No marshes or meadows occur in the
200-West Area and, in the absence of these habitats or other surface waters, the black tern (C2)
is not expected to occur in the area or be impacted by cell construction and waste disposal
activities. ' ,

Cell failure or the spill of a waste container during delivery to or handling at the site
could cause the release of vitrified material or less contaminated materials. Spill contingency
plans would be expected to be in place to' address accidental spills or cell failure and, in the

I . ,

event of cell failure, rapid implementation of emergency procedures would be expected to limit
the release of contaminants to the environment. In addition, the contaminant mobility from the
vitrified product is extremely limited and, with prompt cleanup, an accidental spill of such
material would pose little, if any, threat to biota (listed or not). A monitoring well system would
be in place to detect any localized releases from the disposal cell, and contingency plans would
have been developed and in place to rapidly address any releases. It is assumed that a leachate
collection and removal system in the disposal cell. would provide additional monitoring of the
disposal cell integrity and early detection of potential leachate migration. In addition, the
contaminant mobility from the vitrified product is extremely limited and contaminant concen­
trations in leachate from the vitrified product would be very low (Table 1.5). Thus, impacts to
listed species (and other biota) would be minimized in the event of an accidental release of
contaminants or leaching frox,n the disposal cell.

1.7 MmGAll0N AND MQNITORING

Mitigative measures that would be used at the Weldon Spring site in implementing any
of the final action alternatives (6a, 7a, 7b, and 7c) are $wIunariz.ed in Table 1.6. These measures
would provide a high degree. of effectiveness in minimizing the potential for adverse environ­
mental effects associated with'the excavation, construction, hauling, and treatment activities that
would occur at the site. For' activities related to the construction, operation, and closure of a
disposal cell, it is expected.thats~measures would be implemented at the off-site fatilities.

Mitigative measures for protecting air quality - such as wetting surfaces, using
chemical dust suppressants, and covering stockpiles and loads during transportation - would
be implemented to control fugitivedust. The off gas generated during the vitrification process
would be collected and treated. Air quality would be intensively monitored for all action
alternatives to assess compliance with all pertinent air quality standards and ensure that
appropriate controls could be applied in a timely manner, if needed.

Mitigative measures and good engineering practices would be used in all excavation
and construction areas to control surface water runoff, erosion, and transport of sediment or
contaminants from exposed areas. These measures would include using silt fences and straw
bales downstream of work 'areas, covering stockPiles and exposed areas, constructing siltation

.ponds, and constructing berms to isolate work areas and direct the surface flow of water. All
runoff from contaminated areas would be retained in siltation ponds, sampled for contamination,
and treated in the site water treatment plant before release, if necessary. '
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~jor Monitoring and Mt.tigative Mea~ures for the Ae:tion Alternatives
"J

~.

·,;t

. ~..

Factor

ConstrUc:non and
excavation activities

Potential Impact or
Area of COncern

. Transport of uncontami-
nated soil to ntiarby .
surface water,and
wetlands

"

Transport of oontami­
nated surface sOil to

. .. . . ~

nearby surface water and
wetlands; runoff of

· contaminated'$urface
water, and ~ible
impacts of ",dung of

· contaminants to
gro~dwaau:."

Loss of aquati~ and
·terrestrial habitats

. . ~

,Mitigative Measure

, GOod constniction practices would be impleD\ented,
. . including sediment barriers, dikes, siltation ponds,

and dramage channels to direct runoff away from
downstream or downgradient surface waters and

· wetlands, with surface grading and revegetation
· upon completion of excavation.

Good consiruction practices would be implemented,
as described above. hi addition, groundwater, , '
surface runoff, surface water, and sediment would
continue to be monitored for chemical and
radioactive contaminants so that contaminated
media would be collected for s,msequent
management, including treatment of any .
contaminated water before release off-site.

HabitatS would be restored, as appropriate.' The
,final form of.mitigation would be determined in
consl,l1tation with appropriate state and federal

'agencies. '

Disturbance of local biota, , '
area residents; and
recreational visitors by

,noise and remedial action
activities

Vehicl~ and equipment mufflers woUld be checked
periodically and maintained in good condition. .

Transport of contami­
, nated material from
vicinity properties
to the site

Disturbance of local biota, .
area residents, and
recreational visitors and
impacts to loeal air
quality as a result of
fugitive dust ,emissions

Radon and particulate
emissions ..

Accidental spill (release)
of contaminated material :
as a result of equipment
,failure or vehicular ' ...
accident: .

'. '

, Dust would lH! controlled using wet methods
and/or covers at 'the site, along the haul roads, at

· storage and staging areas, and at off-site
cons~ction and excavation areas. Chemical dust
supp~tswould be used if needed. Work areas
would be covered, as needed, e.g.,'at night and
durin~ high winds.

Engineering controls - sumas reducing working
surfaq! areas and using covers, water, or chemical
agents - would be applied; as needed, to reduce

· radon and particulate emissions. Air would be
monitored continuously through all phases of the
action, period.

Waste would be transported in covered trucks
traveling at low speeds. Contingency plans would
be in place to address any spills that might occur
durin~ waste transport. !

I

•'c.;o
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TABLE 1.6 (C~nt.)

Factor

Transport of Q)ntami­
nated material from
vicinity properties
to the site (cont.)

Excavation of olf-site
borrow material

Transport of borrow
materials and supplies
to the site

Transport of waste to an
off-site disposal location

All phases of active
remedial activities

1-47

Potential Impact or
Area of Concern

Inadvertent transport of
contaminated material on
haul vehicle surfaces or
tires leaving controlled
areas

Erosion of soil, with
transport to nearby
surface water and
wetlands

Disturbance of local biota,
a~ residents, and
recreational visitorS by
noise

Disturbance of local biota,
area residents, and
recteational visitors and
impacts to local air
quality as the result of
fugitive dust emissions

Inadvertent transport of
contaminated material
£roII\ the site on the haul
vehicle surfaces or tires

Accidental spill (release)
of contaminated material
as a result of equipment
failure or vehicular

.acdc;ient

Inadvertent transport of
contaminated material on
haul vehicle surfaces or
tires leaving controlled
areas

Protection of workers

Mitigative Measure

Haul vehicles would be deQ)ntaminated and
inspected before leaving the site or off-site
excavation areas. . .

Good construction practices would be implemented,
including sediment barriers and siltation ponds, as
needed.

Vehicle and equipment mufflers would be checked
periodically and maintained in good condition.

Dust would be controlled using wet methods at the
borrow area and along the haul road. Chemical
dust suppressants would be used if needed.

Trucks hauling borrow material would nqt enter
contaminated areas on the site.

Waste woUld be transported in closed containers.
Contingency plans would be in place to addreSs any
spills that might occur during waste transport.

Haul vehicles and containers would be deQ)n­
taminated and inspected before leaVing any.
contaminated areas.

All activities would be conducted in accordance
with project health and· safety plans and would
include Q)ntinuous monitoring of the work environ.
ment and the use of protective equipment. as
needed.
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TABLE 1.6 (Cont.) •I'

I1,

, I,

Potential Impact or
, Area of Concern

Protection of the general
public'

Factor

All phases of 'active'
remedial activities
(cont.)

Mitigative Measure
'"-------------;.+-----"-~----:--........;;.----------

i Ail and water would be monitored at the site and
vicinity, and appropriate responses would be
implemented if measured contaminant levels
increased significantly above background. Aa:ess to
~structionand excavation areas would be limited;'
public vetUcle access would also be limited along
some of the off-site haul routes. Dust, radon, noiSe,
and erosion controls would be applied during
remedial action activities. Decontamination
methods would be employed to minimize vehicle
tracking of contaminants to surrounding

, uncontaminated areas. All traffic associated with
i the remedial action would be coorciinated to
, 'minimize impacts on nearby facilities.

Environmental monitoring Air quality would be monitored for contamiJ\ated
particulates and radon gas at the site perimeter.
Radon would also be monitored at the nearby
Francis Howell High School. Surface water and'

, groundwater downgradient of excavation and
construction areas would be monitored for chemical
and radioactive contaminants, including uranium. '
Groundwater would also be monitored at additional
on-site and off-site locations, including the
periineter of the disposal cell area. Appropriate
responses woul~ be implemented as indicated by
monitoring results.

i

, "j"•
Completion of all
cimstruction and
excavation activities

Envirorimental restoration Remediai action areas would be restored by
regrading and revegetating with native and/or
forage species. Wetlands would be constructed, as
indicated, on the basis of consultation with the
appropriate state and federal agencies.

" '

Disposal site,maintenance
and cell integrity

.. ;

,An operations plan would be in place to ensure,
monitoring of long-term disposal ceU integrity. This
plan would include regular cell inspection and site '
vegetation control programs, handling and disposal
of leachate, as well as groundwater, surface water,
and air monitoring programs. Contingency plans
would be developed to address any loss ofdisposal
cell integr1tyand/or release of disposed materials.

,-
,', .'
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Groundwater at the Weldon Spring site would be monitored before, dUring, and after
remedial action activities. If adverse effects to groundwater were detected, appropriate
contingency plans would be implemented.

Waste for off-site disposal would be transported in closed containers and carried in
.dedicated trains to the disposal location. Contiflgency plans wo1ild be in place to address spills
that might occur during any phase of off-site transport. Both haul vehicles and the exteriors of
the containers would be decontaminated and inspected before leaving any contaminated area.
Potential impacts from off-site accidental spills would be minimized by rapidly implementing
appropriate operating procedures and contingency plans. .

Following completion of all construction and excavation activities, disturbed areas·
on-site would be backfilled 'and revegetated, and disturbed areas outside the site boundary
wo1ild be restored to natural conditionS. Ha1>itat restoration would be carried out in cons1iltation
with appropriate state and federal agencies.

Site cleanup activities would be conducted in compliance With the site safety and health
plans, DOE safety regulations, and other pertinent requirements. .Prior to implementing the
selected remedy, detailed plans would be provided to address (1) accidental contaminant releases
to .the- environment, (2) emergency response procedures, (3) monitoring techniques and
ffequencies, and (4) various contingencies and the anticipated responses to such contingencies.

1.8 CONCLUSIONS

1.8.1 Altemative 1

Under the no-action alternative, the potential for exposure of some listed and C2 species
to the contaminants would continue asa res1ilt of (1) direct exposure to contaminated media at
existing source areas, (2) exposure via food chain transport, and (3) movement of contaminated
groundwater and surface water to areas currently unaffected by site contaminants.

1.8.2 Altemative 6a

No adverse impacts to listed or C2 species are anticipated for Alternative 6a. Under this
alternative, potential expo~e of listed and C2 species in the Weldon Spring area wo1ild be
reduced or eliminated for several reasons. First, contaminated soil, sediment, and other materials
wo1ild be removed from on~ite and off-site areas. Second, the highly contaminated materials
wo1ild undergo chemical stabilization/solidification, thereby reducing contaminant mobility..
Last, the treated and untreated material would be isolated from th~ environment in an
engineered disposal cell. A program would be established to monitor contaminant containment
in the cell, and appropriate contingency plans would be in place to rapidly address cell failure
or contaminant release to the environment.
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Potential impacts to local biota - primarily disturbance from excavation~ construction,
and dispoSal activities - would be temporary, aild good'engineering practices and appropriate
mitigative measures would Il'linim.iz¢ ,the likelih~od of short-term adverse impacts during these
activities. Because of the absence ot listed and, C2 species from the chemical plant area and
affected off-site locations, few if any' short-term: impactS·' are expected to these biota from the
remedial action activities. 1he distance from the chemic~plant area to the nearest known bald.
·eagle winter roost site would preclude individuals at that. location from being adversely afteeted
:by activities at the site,' . , ' .
.;

Remedial activities :under Alternative 6a would result iD the temporary loss of about
38 ha (94 acres) of habitat and the p~~nt loss of about 17 ha (42 acres) of habitat. None of
these areas provide suitable or designated critical habitat for listed species, and no impacts to
listed or C2 species from this habitat disturbance are· ~xpected. Excavation activities at the
potential borrow area off-site could~turb the loggerhead shrike (C2) and Bachman's sparrow

, (0) and could result in the permanent loss of potential nesting and foraging habitat for these
species. .

~
.,~I.8.3 Alfemative 7a

•
j
!

. il
. i;

Potential impacts to local:biota under Alternative 7a are expected to be the same as i
:. those identified for Alternative 6a, and no impacts are anticipated to listed or C2 species., . " .'

Potential exposure of listed and cii species would be reduced because contaminated media
'i would be removed, the highly conwnmated material would be vitrified, and all contaminated
;.,materials would be isolated from the environment in an engineered disposal cell. In addition,
~the vitrification process would destroy some of:the contaminants, thereby reducing the toxicity

of the treated material. ,A program~ouldbe established to monitor contaminant containment
in the cell, and' appropriate contingency plans:would be in place to rapidly address any cell
failure or contaminant release to the' environment.

Potential impacts to local biota - 'prlIrUlrily disturbance from excavation, construction,
and disposal activities - would be b!mporary, and good engineering practices and appropriate

, mitigative measures would minimize the likelihood of short-term adverse impacts during these
'·:activities. Potential impacts from eXposure to off gas released during the vitrification process
:.would be minimized through the use of an off-gas treatment system, including HEPA filters.
'. Because no listed or 0 species occUr at the chemical plant area. and affected off-site locations, ,

few if any short-term impacts are' expected to these biota from the remedial action activities:
Also, no disturbance to the bald eCigie \ViOter roost located on Howell Island is expected.

Remedial activities under this alternative would result in the temporary loss of about
38 ha (94 acres) of wildlife habitat, and the perinanent loss of about 17 ha (42 acres) of habitat.
Norie of these area prOVide suitable or desi~ted critical habitat for listed species, and rio
impacts to listed or 0 species from. this habitat disturl:l~ce are expected. Excavation activities
at the potential borrow area off-site could disturb the loggerhead shrike (C2) and Bachman's
sparrow (C2) and'could result in the permanent loss of potential nesting and foraging habitat
for these species. . •!

I
I
)'
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1.8.4 Altemative 7b

Potential impacts to local biota for Alternative 7b are expected to be identical to those
identified for Alternative 7a, and no impacts are anticipated to listed or C2 species. Potential
impacts to local biota - primarily disturbance from excavation, construction, and disposal
activities -- would be temporary/and good engineering practices and appropriate mitigative
measures would minimize the likelihood of short-term adverse impacts during these activities.
Potential impacts from exposure to off gas released during the vitrificati~n process would be
minimized through the use of an off-gas treatment system, including HEPA filters. Because no
listed or C2 species occur, at the chemical plant area and affected off-site locations, few if any
short-term impacts are expected to these biota from the remedial action activities. Also, no
disturbance to the bald eagle winter roost located on Howell Island is expected, and no listed
or C2 speCies occur in the area of the Wentzville rail siding.

Remedial activities under Alternative 7b would result in the temporary loss of about
55 ha (136 acres) of wildlife habitat in the Weldon Spring area. No suitable or designated aitical
habitat for listed species occurs in these 'areas, and no impacts to listed or C2 species from this
habitat disturbance are expected. Excavation actiVities at the potential borrow area off-site could
disturb the loggerhead shrike (C2) and Bachman'ssparrow (0) and could result in the
permanent loss of potential nesting and foraging habitat for these species. '

No impacts to the bald eagle or peregrine falcon are anticipated'from the construction
and operation of a disposal cell at the Envirocare facility. Bald eagle roost areas and peregrine
falcon hack sites are distant enough that these species should not be affec't:ed by activities aUhe,
Envirocare facility. Construction ofthe ,disposal cell would result in the permanent loss of about
17 ha (42 acres) of semidesert shrubland .and could e1imi:riate some potential foraging habitat.
Current activities associated with the facility likely preclude use of the,potential disposal cell
area by either of these species.

, . . .

A program would be in place to monitor, the integrity of cell containIDent, and
appropriate contingency plans would be in place to rapidly address cell failure or contaminant
release to the environment. 'The impacts from accidental releases, to the enVironment during
transport would be minimized because the more highly contaminated material would be vitrified
and contaminant mobility from the,vitrified product is extremely limited. In addition; a Union
Pacific Railroad hazardous response team would be informed of all, rilil 'transport of

, contaminated materials to the Envirocare facility, and this team,would respond imInediately to
any accidental spills that might occur during transport.

1.8.5 Alternative 1c

Potential impacts to local biota ,for Alternative 7c are expected to be identical to those
identified for Alternative 7b, and no impacts are anticipated ~o listed or C2 species. Potential
impacts to local biota from excavation, construction, and disposal activities would be short term,
arid good engineering practices and appropriate mitigative measures would minimize the likeli-

, hood of adverse impacts during these activities. Potential impacts from exposure to off-gas
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releases durin~ the vitrification pr~~ss would/be minimized through the use of an off-gas
treatment system, including HEPA filters. No di~turbanceto the bald eagle winter roost located
on Howell Island is expected, andno listed or C2 speCies occur in the areil of the Wentzville rail
siding.' . ~:~ .

Remedial activities'under U$ alternative would result in the temporary loss of about
55 ha (136 acres) of wildlife habitat in the Weldon Spring area. No suitable or designated critical
habitat for listed'species occurs in ~.areas,~ no impacts to listed'or C2 species from this
~habitat disturbance are expected. Excavation actiVities at the potential borrow area off-site could
·disturb the loggerhead shrike (C2) ;and Bactuinan's sparrow (C2) and could result in the
permanent loss of potential nesting and foragin~habitat for these species. . .

,-:\. ,. . .

Constroction and mairitenailce of a disposal cell at the 2OG-West Area of the Hanford'
·facility would have little effect on~ listed andC2 species in the area because (1) constroction
activities would be short term; (2) eXcept for the loggerhead shrik~ (C2), no listed or C2 species
are knoWn from the 200-West Are~~: (3) little Or no suitable habitat for listed or C2 species is
present at this location; and (4) the treated and untreated materials would be isolated from the

~?environment in an engineered dispo~cell. The. loggerhead shrike occurs in the area and could
;:'be temporarily disturbed during construction' and disposal ac~vities. Constroction of·' the
:.disposal ceUcould eliminate about 17 ha (42 acres) of potential foraging and nesting habitat for
. this species, but loss of this area is not expected to result u\ a $ignificant impact to this species.

A progrcmi would be in place to monitor the integrity of waste containment in the cell,
·and appropriate contingency plans would be in place to rapidly address. cell failure or
· contaminant release to the environment. Accidental releases to the enVironment would be
minimized.·

: ..:,.
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Trltt.hunt: ~1~I7SI-~IIS
JERRY j. PRL'iLE\·. nir..nor

MISSOURI. DEPARTMENT OF CONSERVATION

MAIUNG AODRL"'o;,
P.O. loll 180
jri'nMn Cily. Mi....uri MI02-OllllJ

STREET LOCATION:
2!lO1 W~l Trul'lUln loulr...n1
jri'rnon (;;.,. Mi....uri

•

•

Aug",t 24, 1988

Dr. lhor HlohowskyJ
Argonne Nation81 Laboratory
9'100 South C888 Avenue
Argonne. IWno18 80439

Dear Dr. HlohowskyJs

In response, to your recent request for species Infonnatlon In the
Weldon Spring-St. Charles County area,' I have provided copies of
avall8ble data. The information ·18 not in a format that allows us to
provide separate lists for Weldon Spring Chemical Plant and Quarry
Site,Weldori Spring Wildlife Area, Busch Wildlife Area, Howell Ialand
Wildlife Are., St. Charles County and St. Louis County.

Hopefully, these llsts will provide you with enouKh Infonnatiolll to
complete your envirorunental 888essment.

~:::e:I~~~
DAN F. DICKNElTE
ENVIRONMENTAL ADMINISTRATOR

Enclosure

("OMl\IISSlU~

JEFF CH\:RAN
C1IIl1irOlh.

'J" \. H.:?\i(;F.S
hrthnl~

JnllS rnwt:l.l.
II,,",,

MICIIAAO AH.n
F.all Pnirit
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STREET LOCATION:
2901 West Truman 1ou1"_nI
Jrfrrnon,Ci.y. Mi....uri

MAIUNG ADDRL<;S:
P.O. Boalllli' '
Jinenon Ci'Y;l,lisIouri 65102.01110

MISSOURl;'DEPAR:TM~NT OF CONSERVATION'

Mr. Ihor Hlobovskyj
AraoDne NatioDal Laboratory
9790 South eass AveDue
AraoDne. n, 60439

Dear Dr. Hlohovakyj:

'.
, ,

The abaence of occurrenc.a o~,aenaitive Ipeciel and communitiea ~o.a not
.eaa that they do Dot occur within the area. .erely that no other
information ia atored in the Heritaae databaae at this t~e.

The printout is self ~lan~t~ry. with the follovina ezceptions:
Precision: S = location'known eKactly ,

M=location, precise to within 1.5 mi.
G = location, precise to witbin 5.0 .i.

Ped Status: C2 = federal candidate for liitinS as a threatened or
endansered Ipeciel ,

C3C = former federal candidate species
LT =liated' 'aa a federally threatened Ipeciel
LE = listed, ,al a federally endanaered Ipeeies

State 'Status: WL = vatchlisted '
50 = Itatus' 'undetermined
R = rare
E = endansered
PE = pOllib~y eKtirpated.

I sa alloencloling a copy of our rare and endansered speeiel checklist
and Rare and Endangered 'Speeiel of ttilllouri. If you Deed any 'further
info~t~on. pleale to not b~s~tate to contact Hike Sweet or .a.

h'-.• Of..

"'oet

Encloeed isa printout from our Heritaae data ba•• on rare
pl!Dte and animala. and hiah 'quality Datural communitiee.
includes plante.althouah I D~tice there, aren't many plant
CharleaCounty. '

and endaDaered
Thb lbtina
records in St.

•

Sincerely.

"

"

Eleanor P. Gaines
Data Manager

CUMMISSIUN •JEFF C'HlIRAN
C"llIIIIroIbt

M\' m,Nca:s
b,'hOI,

JUliN rClWt:I.J,
Rnli.

RlnrARD RO:U

bll"''''''
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T,lrphollr. !14I7!1I.411!1
JERRY j. PRESLEY, Dirrclor.

MISSOURI DEPARTMENT OF CONSERVATION
\.AII.IN(; AUIIRF_"''i

. ",0. B.." IIllI '
jrif,",,11 Cily. Mis....uri 65102·01110

STREET LOCATION
2901 Wnl Tnam8n a-ln8rd
Jdfrnon CiIY. MiIMMari

•

'.

Maroh 19, 1990

Ma. Debra Re1Dhardt
Arsonae Rat10Dal Laboratory
9700 South Cass Avenue'
Arsonae, I111D01s ' 60439

Dear Ma. Re1Dhardt:

III reapolllle to your February 6 letter to D1reotor Pre.ley , enoloaed 18
1Dt'O....UOD OD tbe ran ... eDdaqered .peal_ aDd b1ab qua11ty Datural
00..un1t1e. ot tbe MeldoD Spr1As &rea. Myetatt bave plotted tbe ozaot
looaUoD ot all 8tnU11ti... epec1aa aDd 00.-mlt1aa that 000W' wltblo a 10-1I11e
radlua ot tbe weldoD' Spr1Da/Busob Wl1dl1te Area 00 S.veD toposrapbio .aps. Me
ba.,e al.O 1Daluded tbe'Ble"Dt OOourrenoe Reoord tor eaob ot tbaae
apeolea/oo..mltiea, wblob Slve• .,re lotoraUon on eaob teature.·, Please
note that tbe band-wrItten Dumber 10 tbe upper r1aht GOrDer ot eaob Bleaeot
OCourreDoe Reoord oorrespoDd. to tbe teature'. 10oatloD on tbe toposrapbl0 '
.ap••

SUpple..otal lotO....t10D loolude. a data t1eld d10tlonary to aid yOW'
loterpretatlon 01' tbe Ble"Dt OCourrenoe Reoords and tore~t oover _ps tor St.
Cbarles 'County, as you requested.

1 suae.t tbe you oontaot Ma. L1ea DeBruyckere, MiaBourl Depart_nt of
ConservatIon VI1dlife Distriot Supervl8or, for loformatlon 00 important
wl1d11te habitat 10 .the Veldon Sprins area. Ma. DeBruyckere O&D be oODtaoted
by oalllol (31_)441-4554.

As I lodleated above, tbe ourreDt aearob inolude. ail speo1es/oou.uolt1ee that
ooourv1tblo a 10-1I11e' rad1us ot tbe VeldoDSprlol ....a. Please oootaot Bolly
Wheeler, (314)751-4115 :(ext: 310) 1f you have any quest101lll about tbe enolosed
information.

S1Doerely,

~f);jJi ~ "
B111 D1ett,liJob

'
...ltJ&Ai,

last. IDv1roD88ntallda1D1atrator

Enclosures

JERK\' I', co"".o;
....nn... "

,\SU\' J),u:ros
Sa..ilt!lli.ld

jA\' HENGE-Ii
St, Louis

JOHN POWELL
101..
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MISSOU~II~~EPARI.M.E~TOF: CONSERV.J\TION
. MAILINC ADDI\ESS' STREET II..OCAnON

P.O. Boll 180:; .t • I'" Z!IOI Wat Tnnnan IcMaImrd
'Jdlenon City.'Mi_uri 6102.0180 Jel,_ City. Mu.ouri .

"

Dr.•hor Hlohowskyj . I
ArloMe National Laboratpry
9700 South Cass Avenue. Building 900
AfloMe. Illinois 60439 '.

Re: Natural Features Review
Wentzville. MO

Dear Dr. Hlohowskyj:
...: i

. Thank you for your letter.:of August 1., 1991 regarding threatened and
endangered species witbinlthc,propose~ projeetarea.. .

Dcpanment staff examine,d map and computer files for federal and state
threatened and endangered species and determined that no sensitive
species or communities ar~ known to occur on the immediate,site or
surrounding area The lack of records; however. does Dot mean that such
species or communities dOllnot exist.on this tract of land.. Only an on-site
inspection could verify their absence or existence.

Thank you for the OPpOrluLty to' ~eview and comment.

•

•
JERRY P..COMa.~

. 1m_II
ANDV DALTON

S...inl'i~ld
JAY HENCES

St. Louis

JOHN POWELL
a.J1a
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Telephone: ".1751.4115
J[RR\' J. PRESLE\', Direclor

MISSOURI IDEPARTMENT OF CONSERVATION
MAJUSC ADDRESS
P.O. Boll 180
JeUnson CiI" Missouri 65102·0180

STREET LOCATIOlS
2901 Wal Truman Boulryard
Jdrnson Cil" Miuauri

•

•

November 26, 1991

Hr. James R. Powers
HI-Ferguson Company
1295 B1&bway 94 South
St. Charles, HO 63303

Dear Hr. Powers:

Our data manager, Bolly Wheeler. recently received your request ror a ourrent
l1st rare aDd endangered flora and fauna tor St. ~arlea IIftd St. Louis'
oount1es. Attacbed please find tbe 11st·as you requested •

In add1tlon. you asked ror more speclflc locat1onlntormat10n tor toe sturgeon
chub and tbe alcklefin chub In tbe Missour1 River. The tollowing IntormatloD
retlects site spec1fio 1nrormat10n tor th1s spec1es:

Sicklerin chub. Hacrobybops1s meeki, and sturgeon obub, Haorobybops1s
telida, bave been reported 2.1 mlles southeast·ot Portage Des 'SiOUX in

be Hlssour1 River near Pelican Island in St. CDarles.County. .

The sicklef1D ohub has also been reported 1.0 _11e nortb or Creve Coeur
Airport 1n the Missouri River 1n St. Charles County.

Both apeei.sare candidates tor tederal listing as Threatened or Endangered
and. are state' listed Rare. All oocurrences were last.observed 1n 1982.

It you require any additional information please feel tree to contact me or
Holly 1IIbeeler.

I

~
SinCle.relY ~l / ".

(.~ /. .

~~"''l'"./ .,j/I" . -
. e is E. F1gg . ,

Endangered Species Coordinator

DEF/dj_

Enclosure

CO~I~IISSI0:"

JERRY P. CO:\IBS
I(.nn...

A:-.iD\" DALTO:-.o
5prin!li.ld

J.o\ \' HE:"CES
51. Locais

10ti:"l POWUL
Ro"'-
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MISSOUR~I;DEPARII"MENTOF CONSERVATION-
-I- - - ,

MAILING A'UDRF_..... '0 STREET LOCATION 0
P.O. Boll ,lei 0 - .., 2901 Wesl Truman Ioulrn~
Jeff""",n Cil'. MildOuri 65102.0'110 Jrir..nun CiIT, Miaauri

T"'..phnne "~I7!U·~'15
JERR\' J, rRL"',E\', UiiKI"r

:March 19. 1992

Dr~ Ouistopher P. Dunn I

Argonne National Laborat9ry
Building 900
9700 South Cass Avenue'­
Argonne. Dlinois 60439.

Dear Dr. Dunn:

In response to your Fcbru,!uy 28. 1992 letter requesting information regarding the
Weldon Spring Cbemical Plant, we queried our Heritage Database. The Heritage
Database contains only kdown sensitive spCcies and habitat information, not 0 0

complete lists of large gJ'o6ps of animals. The enclosed list contains all known
sensitive species and habi!atsin SL Charles County. I believe species lists
generated by Argonne Laboratory and other Department of Energy or Corps of
Engineers contractors sho\.ld be avanable from those lIenaes. 0

I hope this responds to aJ least part of your needs. H necessary. we could
generate county lists. 0

•

•
oi

OANF. DICKNEITE
PlANNING DMSION OflEF

EnclosUre -

- 'o ,

0'

'·1
.'

JERR\' P. COMBS

""'M"

c:i)M ~1IS.'iION

AN1lV "A'.TON JA \0 IIEN(;F_~

. S,tliu!tfirhl SI. IA"'"

'"

JOliN POWELL
a..lI. ' •!,

j

I
;

oJ
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'SENSITIVE SPECIES AIID MIGM·QUALITY M"TUlIAL .aJQlUIIITIES ItIlQWll fllOM ST. CIWILES CCUIITT

PllINTCUT OF THE IIATURAL HUIlAGE DATABASE

10 IWl 1992
1

SCIEMTlflC IIAIE•••••••••••••••• CCMll* IIAIE fED. STATE LAST GllllVED TClllIl/lWlGE SEC ~ PUCIIICII"

ACCIPIlER CllCI'UII
ACt I PITER COllPEIII

AIlE IUlIUS MEIUlOSUS

COlIPEI'S Mill:

c:oaPEI'S Mill:

IIlCMl IULLHEAD

II

I

I

1986-00-00

1985'00-00

194'·09·26

045MOOZE
04511OO3E

03, III~_

05. lII'III'SW4

13

I
I

I

AIlDlA HEROD lAS ClIlEAT ILUE MEIDII lOOIt£l T 1983·l)I,-28 l)I,8MD05E 01 II

IOTAURUS LENTIGIMOSUS AllEIlICAII II TTUN E 1989·07·20 048MD05E 26 SE'1I\IIo I

...
fLAM WLPINA WL"NA WlSTEIN 'OX SMAltE E 1990-06'00 068MD05E 26 I
IlAPlIE WLPINA WlPIIIA IIISTUN fOX _E E 047l1OOloE 09 G.
IlAPMI VULPINA YULplNA WESUIN fOIl SMAItE E 0471loo3£ 01 G
ElAPME WLPI,NA YULPiNA IIIITUN 'OX SlIAleE I 047110051 II ALSO lIS It

• '110009
ElAPME YULPINA VULPINA IIIIT£lN fOX SMAItE E 1990'06-04 041111oo3E 30 S2 1

...
GALLI lAllA CIlt.e-oPUS COeDIIIlllllIMEM II 1989·07·20 048MOO5E 26, _

I

...
lEPISUSTIUS SPATUlA ALLIGATOR GAl II l)I,7JlOl)I,E 03 I

llPi SOSTEUS SPATULA ALLIGATOR GAl II 194'-09-26 O48MOO6E 13 I

...
IlACilalTIOPSI S GEl IDA 'sTUitGEDII CIlUI C2 II 1969-09-12 04711001£ 08 I

IIAClICIIlTIOPSI S GElIDA ITUlGEDII CIIJ8 C2 II 1963·09·26 04511003E 02 AlDIIG SEC I

3S

IlACIIOIlTIOPS IS GE lIDA ITUllGEOII CIIJ8 C2 II 1982-10'OS 048Il006E 3' NE' 1

...

......' ...11 IlEElCI llcelEFIN ClIU8 C2 I 1969-09·12 l)I,7Il001£ OS 1

IIAblCMTIGPsIS lIEU I IIClCUFI. CIlU8 C2 I 1963·09·23 l)I,7Il001£ OS I

IlAac.YBClPSII IlEEICI IICIClE"N CIlU8 C2 I 1~-00'00 0471lOCl6E III I

IIACIIDIITBClPS IS IlEEIt1 1 ICIClE FlN tIlU8 C2 I 1963·09·26 045.003E 02 AlOllG IIC S

.,.11;111011

'I • iPfCIES/CIlIIIUlITT IS 1CIIlMI FIIOM LIlTED lllCATlOX

" • Il'EC'I ES/CIlIIIUlI TT IS ICIIlMl TO OCCUI WITMI' 1.5 "IlE RADIUS 01 liSTED lOCATlDII

• CO • Il'ECIESICIlIIIUlITT IS ICIIlMl TO OCCUI WITNIN 5.0 1I1lE'RADIUS OF llST~D LOCATIOII
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SnSIfIY£ SPEtlES AiD IIIGH-ClUALln IIATUAAL teIIUIlfiES ICIICMl FIIClN IT. tlWlLES tQJIlTT,

N'''.'''' ,....,............. "'_U .rl '
10 MIl 1992 • ,
l ',\

I . . .

, stlEIITlnt IIAIII ••••••••••••••• tIlIlID IIAIIE ••••••••••••••••••• .FED. ITATE LAST OISUVED TCUl/IWIGf SEt : ..... ,.... PlEtllla--

35
. IIACIlOlI'fIOP$IS lIEUI SltlCUFl1I ttiua", tl I 19l1l·10·05 ~E 0 's

MtIlOlIYIIClPS IS IIlEIe I IltIClEfl1l tlUll tl I' 19l1l'10·05 ~ 54 lIE4 S

\... I
IIALLUS ELEGAIIS II:lllG IIAIL . , E 1989'07-l0 O48IIOO5E 26 IN4 S I

IWIA STLVATICA WllDD FlOG R 1980'03-19 0461100ZE 25 & OTlltl S

" SEtTlOllS

..'

stAl'lIlll1TlltllUS ALIUS PALLID STUAGEciM LE E 1944-01-00 047l1001E 08 S
stAl'lIlll1TlltllUS ALIUS PALL 10 STURGEllIi LE E 1969-09-12 047l1oo7E I

~;~

1
SISTRURUS CATEIIATUS CATEIlATUS EASTERII IIASSAsAucA tl E • 1941·04-14 . 047l100SE 0 ·c...

041IlOO3£IISTAURUS CATENATUS CATEIlATUS EASTEIN MIlSSASIlUGIl tZ E 01 M .'u,
SISTIURUS CATENATUS CATEIlATUS EASTEIN MIlSIAI~UGIl CZ E 04711OO4E ,.

ALSO SEC. S
7

...
Tno ALIA IlARN eM I T987'04-17 O48N005E. 24 Sl S
TTTO ALIA IIARII OUL I 1989-04'00 O48IIOO5E 25 1I£41N4 S

Tno ALIA lAIN 1M. I 1989-07'20 O48IIOO5E 25 IlII4 S

•••

lUCIA TUANA IERCiIA I 1991-08-24 04811oo7E 33 I, ,
lUCIA TUAMA IEIGIA I 1990·09·10 04811007E 28 S

/,

i
1•

M

S

S
S

33

33

28
24 1IY411l141tl4

O48IIOO7E

O48IIOD7E

048II005E

19110·09·23 .

,1991'01-24

1991-04-18

199O'"~\)

E

E

E

LT.

LT
LT

DECURRENT FALSE ASTER
I~

DECURREIIT FALSE ASTU. II

"oo.m 'J U,,"

CIlELONE OIL ICIUA V,. IPEC IOSA IIOSE TURTLEIlEAD

"••"""w' .,j
I· SPftlES/lDRlIIlTT II II:~ f_ LISTED' LOtATlCIiI

.I I
II • SPftlES/lDRlIIl TT IS IeIlOWll TO otQIIl IIITIIIII 1.5 "ILE RADIUS OF LISTED LOtATlOII., .' ,

G • SPECIESICCIIUIITT IS ICIIClIIIl TO OCCUR IIITIIIN ~.o MILE RADIUS Of LISTED LOCATION.

...

~TONIA DECURRENS

·.TOIIIA DECURREIII

10LTOIII A DECURRENI

i
I
j.

I;
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SEILSIlIV£ SPECIES AIID HIGH'ClUAlIn IlATURAl CXlIIUlITIES ICIIOW FIKlII ST. CHAllES CQJlIn

PlllITl1IT OF THE IlATURAl HUIlAGE DATABAS.E

10 MAR 1992

3

SCIElTlFlC llNIE •••••• : ••••••••• aMDl IIAME ••••••••••• : ••••••• FED. STATE LAST Cl8SEIV£O TCMl/RAllGE SEC •••••••••• PIlIelllcae

...
LEIlIA TllSUleA

...
LYT.... SAlICAIIIA

LYTIIIUI SAL ICAR IA
l YTIIIUI SAL I CAlli A .

lYTIIIlIM SAllCARIA...

STAI DUC1C\o'(EO

PURPLE LlIllSESTllf£

PURPLE lllllSESTII FE

PURPLE LlIllSESTllfE

PuaPLE LlIllSESTllfE .

I 19116-07'16 04811003£ JZ ....SW4 I

1988-08'25 04711002E. ]] SW4 ·s
19U'08'Zs 04711oo3E 27 SW4 S
1988-01'25 04711D03E 54 IIW4 1
1988'08-25 04711D03E 26 _SE4 1

•

PELTAJlDRA YllCOlllleA

...
CHERT SAYAIlIIA

DIT ellEu FOREST

•••

OR.,-IIESIt CIIERT FOREST

FI£S1IIIATEIIlAIS"

IlESI C FOREST

•••

OVAL lADIES' TIUSES

R 192~'06'26

I. 1845·09·00

I 1915·01'26

1985·08'26

1985'09-04

I . 1986-03'00

1985·09·04

04711003£ 0

0471l007E 0

04511002£ 11 1lE4_

04S1I002E 11 1E411W4

0461100JE OS ALSO SEC 4

0481100JE 32 AIID SEC 31

046Il003£ OS ALSO SEC 4

,

.1

I

I

1

I

...
I

.1

1986·09·03

1986'06'12

04llII006E

04l111OO3E

05 & SEC 6

JZ & 047IlOOlE

SEeS

S

1

•
-.aECI SICII

S • SPEClfS/aMUlln IS ItIIOW FIKlII LISTED llXATlOlI

" • SPECIES/COlIUIllr IS UcuI TO ClCQIR WIlHIIi 1.5 MILE RADIUS Of LISTED LOCATICII

C • SPEelES/COlIUIln IS DCMl TO ClCQIR WITIIIII 5.0 MILE RADIUS Of LISTED LlXATlCII
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SlNSI1IYE SPEC"£S ~ MIG1HlUAlITY UJURAl c:aMIIllTlES ItIlCMl fROM ST. CMolALES COUll"

,.INTOJI Of IME UTURAL: lItllTAGE OATAlASI:,.':1. '
10 !WI 1m ,',
4 ' .,

, '. .
SCllNTlflC IWIE ..·••••••••••,.... CXIIIMDN 1lAIII ••• ;,., ••••••••••• •• flED. STATIE lASr'ClISERYED TlllIIl/~ SEC •••••••••• I'IIECISICII·

I
I

•
E 19116'06- 12

WET 1'10\1111

WET 1'Io\IIIE

_.

048Il003E 32' 04711OO3E
SICS

047irOO3E 01 112, SEC2,

E2

'S

I

WET'.SIC IOTTClKlAIIO flllEST_.
'WET'.SIC PUIIIE

_..
IlAI.IAlITUI l~PHAlUS NIGMT

~ IIOOIT

',r. •••

:I
IAlD EAGLIE .IGHT ROOST

/.

f. ,I

':,.

., ,

R 19116'09-03 0481l006E 06

E 19116-04' III 047l1OO31E 01 EM

LELT E 1985-01·1\ 045.0031E 011

S

S

S

•

-.uCISICII

I • SPlC II!S/CXlIIUI ITY

" • SPlCIESICXlIIUIITY

Ii • SPlCIES/CXlIIUII TY

IS IOIlllIII fROM 1ISlED .LoeAIICII
I. I~ ,

IS DlJoII TO 0CQJl VITHIN 1.5 "llE IIAOIUS Of LISTED loeAIIl*

IS DlJoII TO 'OCQJl VI';Ii~N 5.0 illu IIAOIUS Of LISTED loeATlCII •
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T~I~phon~: ". '7~1~J1~
JERR\' J, PRE.5U\'. DirKlor

MIS'SOURI DEPARTMENT OF CONSERVATION
M4IU:"C ADDRESS
P.O. Box 180

. JdfCftOn Cit!. ~lillOuri ~1r.-GI80

STREET LOC4T10:,\;
1901 Wft, Truman Ioul~...rd
Jdfnwn Cil" Mi....uri .

July 27, 1992

Mr. Stephen H. McCracken
Project Manager
Weldon spring Site
Remedial Action Program
7295 Highway 94 South '
SL Charles, MO 63304 ' '

Dear Mr. McCracken:

As a follow-up to discussions at the June 11, 1992 meeting concemlng remedial actions at the
Weldon Spring SlIe. ';Jnquired of our Fisheries and Wildlife Divisions regarding planned '
Weldon Spring and BUsch WIldlife Area renovation during the next several years. They
provided me with the following Information that Indicates our priorities:• Lake Size (acres)

'4 2.0

'10 3.5

'36 15.5

'19 3.2

Fernme Osage 15.7
Slough

15 3.4

'35 62.5

128 '12.0

121 5.7

'8 15.8

'16 8.8

Prtorlty

1

2

1

2

1

2

1

2

1

2

FY

1994

1994

1995

1995

1996,

1996

1997

1998

1998 '

1999

1999

Comments

Contaminated
Sediment

Contaminated
Sediment

Contaminated
Sediment and Leaks

Leaks

• JERR\' P. COMBS
, .....-,

CO:\l:\lISSIO~

4~D\' D"LTO~ J4\' HE:"CE.'i
Spri"Jfi.ld 51, Loui.

JOHS POWELL
ao/I.
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N1r. Stephen H. McCracken
July 27, 1992 .
Page Two

Ii. ~ .
I

i'
.,

1-14:
~ -.

.r.

While the list reflects our current tt,lnklng, changes could be made to accommodate activities .
Involved with site rem8dlatlon. AIs~.J If a priority projec:t cannot be completed In the scheduled
year, the proj8ct Would bump down fe time line.: . . . . .....

I hope this list 'will be of assIstan~'~ you and your staff plan for the remediation of the
Weldon Spring site. If you have questions or comments, please call me.

. !' .

Sincerely, .

f2L(£~·.-I~.L-
WILLIAM H. O"fFENBACH
ASST. PLANNING DIVISION CHIEF

WHD~ct

"

•

•
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JOHN' ASHCROFI'-

FREDERICK~ BRUNNER'-

}-15

......

•STAn OF MISSOURI

DEPARTMENT OF NAnJRAL RESOURCES

DMSION OF PAJUCS. RECREATION. AND HISTORJC PRESERVATION
'.0. Box 176

Jcecr- C1cy. 1\106' '02
'14.75'·2.79

DMoIon of raa.,
DhtI6aa ."__ ! QuoIIIr

DhIoicIa"'~" '-I"'"
DhIoicIa ."" £ 5enIce

DhtiIan." ......~.... _ PlPl..__1lioe

•

•

Mov-mer 3, 1986

R. R. Nelson, Project Manager
Weldon Spring Site Remedial Action

Project
DepertZDent of Energy
oakRidge Operations
p.6. Box It
oak Ridge, Tennessee 37831

"< lIE: Proposed RacUol~ic!ll1yContlllll1nated Remedial Action Project (DOE),
Weldon' Springs Ordinance Works, St. Charles County. Missouri

Dear Mr. Nelson:

, In response to your letter dated 6 OCtober 1986 concerning the mbove
referenced subject, the Missouri Historic Preservation Program has
reviewed the information provided by Mr. James Coyne. PEER Consultants,
during our 26 September 1986 meeting. relative to the proposed remedial
action for radiologically contaminated' areas and it is the opinion of this
office that most of the areas directly involved have either been pre-'
viously disturbed by: various construction related aetivities or exhibit a
low potential for the occurrenee of archeaologieal properties. " In viewing
these factors, combined with the potential health risk associated with
conducting archaeological investigation in a radiologically contaminated
area, it is the opinion of this office that· an archaeological survey of
contaminated areas is not warranted.

However, in regard to any area associated with the proposed remedial
action which are' uncontlllll1.nated or have not been subject to substantial
previous diSturbanee. ~haeological investigation would be required.
This would include any borrow. areas. haul road. and land clearance action
associated with the proposed undertaking.

Relative to the area included within the Weldon Springs chemical plant, it
is the opinion of this office that the area waa significantly dioturbed
durirr9 plant conatruction and any archaeological resources present would.
have been .everely damaged or destroyed. Therefore. further investigation
would not be warranted. It is also the opinion of this office that the .
plant facility itself is not eligible for inclusion in the' National
Register of Historic .Places.
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STATE OF MISSOllU

DEPARTMENT OF NATURAL RESoURCES

Ol\1510S OF PARKS, RECItEAno,.;. AND HISTOJUC PJl£5lR\'AnON
P.O. 80Jl 176

Jdlcnon Orr. MO 6Sl02
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,~ cI MIl....,_ '""

Oft-..,,~.........InlIIllIIaM __...

•

•

Hr. Stephen H. HcCracken
Weldon Spring Site
Remedial Action Project Office
7295 Biahvay 94 South'
St. Charles. Hiasouri 63304

HE: Potential Archaeological Survey -- Proposed off-site Borrow Source

Dear Hr. HcCrack~n:

.In response to yo~r letter dated 24 December 1991. the Historic Preservation
Program has examined our records and have found tbat the proposed study area
bas been partially surveyed for cultural resources. (See encloscad IDlIP".)

The study area' proposed contains preViously recorded arcbaeological sites
23SC349 and 23SC350; site 23SC3S1 may lie partly 1n the study area; and s1te
23SC352 1s '1n close proxiJDity. '

If tbe proposed borrov area can be relocated in a preViously surveyed area and
sites 23SC3S9. 23SC350 and 23SC3S1 can be avoided. ve would have no objection
to initiation of project activities. Hoveveri'if this is not" possible. a
cultural resources' survey of the remaining area viII be needed.

If I can be of further assistance. please vrite or call 751-7860.

Sincerely.

RlSTORIC PRESERVATION PROGRAM

(A.M,4~
Chris Hansman
Acting Senior Archaeologist

Enclosure



'. "
'i

" " -.-,

t/ 0
" .. ~

"

.. ~_ ..._-;-~---- -"-

.....
..:;,

" /.1.. ' .. ­..~ ;'.

:':'0 ,.,"

_ .•~""-"""'Io:~.• -.~- .....

- -.: ..

­,---00



•
1-19

JOHN ASHCROFT .
~

G. lltACY MEHAN lR--
February 18. 1992

STATE 0' MISSOURI

DEPARTMENT OF NAnJRAL RESOURCES

DMSION OF PAIUCS, RECRIlAnON.AND HISTORIC PRESERVAnON.
P.O. Box 176

Jclf~rson CI~·. ,\10 65102
'''·751·2479

Hr. Stapben H. HcCracken. Project Hanager
Department of £nersy, Oak Ridse Operations
·W.ldon SprinS Site Remedial Action Project
729S Bishway 94 South . .
St. Charles. Hissouri 63303

Ra: Proposed Borrow Are. (DOE). Weldon Sprins Site Remedial Action Project. St.
Charl•• County. Hissouri

Dear Hr. HcCracken:

The Historic Preservation Prolr~has reviewed the February 1992 report entl~l.d
. "A Phase! Survey and Evaluation of a Proposed Borrow Site for the Weldon Spr~1

Site l_cUal Action Project,'St. Charles County, Missouri." by Gary lu·
Walters •. Based on:thisreport. it is evident ari adequat.cultural resourCe
su~ey has been made of the project .~ea.

We asree with theinvest1sator's recommendations as outlined on pages 63-64 of, .,
the report. If at all possible. the' proposed project should be designed to
avoid archaeolosical site.:

23SC34~.

235C352.
. 23SC869.

23SC870.
2·35C871.
235C872,

235C875,
235C876,
235C877.

23SC878.
and
235C879.

•

If this is not feasible. the followins course of action is strongly
recommended. ·Subsurface archaeological testing of the above mentioned sites,
which are potentially eliBible for inclusion in the. National Registar, should be
initiated with the results submitted to the Hissouri Historic Preservation
PrOBr.. and the Depar~nt of Eneray (DOE) to ascertain eliaibility for
inclusion in the National Resister of Historic Places in accordance with the
procedures as set forth in Section 800.4(c) of the Advisory Council on Historic
Preservation's re,ulation Protection of Historic Properties (36CFR Part 800).

In the. event. th.s. sites are determined eligible. then the appropriate course of
action a. outlined in Section 800.S of the Advisory Council on Historic
Preservation's re.ulation should be implemented •

8 P,inled on 'ec:ye'ed ;l8Ile,
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Hr. Stephen B. McCracken
February 11, 1992
Pase 2 I

Chris 'Hansman
Acting Senior ArchaeoloS,ist ' •

23SC878.
and
23SC879.

23SC875.
23SC876.
23SC877.

23SC349.
23SC3S2.
23SC869.

Sincerely.

Pendins completion of this pro~ess. no action should, be taken that would
foreclose consideration of alternatives to avoid or satisfactorily mitigate any
adverse .ffect~ on archaeololical sites,I '

23S!=B70.
23SFI71.

23~r72.

If I can be of further assistance please write or call 314/751-7958.

·1'
HISTORIC PRESERVATION PROGRAM, I

"rt-;. /.ll~-.
t....-. / ..',cr'

me

c: David Dutton
Cary Rex Walters

i

j .

•i
I.
I

\
j
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ATTIDn'10N or:'

DEPARTMENT OF THE ARMY
KANSAS CITY DISTRICT. CORPS 0'" ENGINEERS

700 FEDERAL BUILDING

KANSAS CITY. MISSOURI ....Oe·Z8IUI

December 6, 1990

• "

••

Permit Evaluation and
Enforcement Section

(SC, MO, NPR)

Dr ."Ihor Hlohowskyj
Argonne National Laboratory.
Environmental Assessment and

Inf~rmaticn scienc~ ~iviGion
9700 South Cass Avenue, Building 301
Argonne, Illinois 60439 .

Dear Dr. Hlohowskyj:

This letter is in reply to your November 5, 1990, letter·. .
requesting a Department of the Army (DA) permit determination for
remediation of containment ponds at the Weldon Spring National,
Priority List (NPL) site in st. Charles County, Missouri •

In accordance with our regulatory guidance, a' DA permit is
not required for Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) activities within the NPL
boundary.

Although a DA permit is not required this does not preclUde
the possibility that other Federal, state and/or local permits
may be required, and you should satisfy yourself in this regard.

If you have any questions concerning this matter, please
feel free to write me or to call Mr. Jim Scott at 816-426-5500.

sincerely,

M'~'
Chief, Regulatory Branch
operations Division

Copies Furnished:

Mr. Robert E. Hlavacek
Project Director
MK-Fergusoncompany .
7295 Highway 94 South
St. Charles, Missouri 63303

Missouri Department of
Natural Resources



Ms. Sheila Huff

1~~2 ,

Department of Energy
~ : Oak Ridge OperatIOns,

_,' .' Weldon'Spring Site

. .. Route 2. Highway 94 South
. ' St, Charles, MiUouri 6JJO;l

April 10. 1991 " ,
, ,

Office of the secretary I '
U.s. Department of Interior '
230,S. Dearborn, suite 3~22
Chicago, Illinois 60604,

Dear Ms. Huff:
, ,-, I

HOTIJ'tCATl:Olf TO lfATURALRBSOURCE TRUSTEES, 40 CFJl 300.135(j)
SUBPART G - TRUSTEES,FOR lfATURAL'JlESOUJlCES

As a trustee for natural resources located on, over, or under
land adm~nistered by the United States" this letter is to '
officially notify you as a co-trustee that the Department of
Enerqy (DOE) is planning: to remediate the' Weldon Spring site.
The, remediation work 'willi be perforllled in accordance with '
decisions reached under NEPA and CERCLA. "

, ~"" "

. . . ~ '.' . .

Discharges or' releases 'O;f hazardous, substances have occurred. The
WSSRAP is being conducted to eliminate potential hazards to the
public and the environme~t that are associated with a uranium
processing facility thatJ operated fro~ ,1957 to 1966. The site,
consists of four large "uaste .pits, ~nina~tiv~ Chemical Plant,
and a quarry that hasb~~n f~lled w1th ,contam1nated debris.
Also,' included are seve~a~ ~mal1 areas.outside the Chemical ,plant,
and the quarry called v1c1n1ty propertl.es contaminated as a,' ; ,
result of activities asJociated with previous uranium pro~essing.

'The WSSRAP'has beenlisJed on th~ Environmental Protection
~gericies National Prior~ties List.' As such, ,the EPA has final
approval authority on c~eanup, trea~me~t and disposal decisions.
To date, a number of in~erim actions have been or are being
carried out to reduce offsite discharges, improve site safety and
to better stabilize the jsite. Enclosed is a list of these

'activities. 'For each at, the activities listed, a decision making
document (s) was prepare4 and agreed upon by the State of Kissour,i
and EPA. The most sign~ficant decision to date was finalized in
Karch, 1991 and involves ,the removal transport and temporary ,
storage of waste ,from ttie quarry. Two other important decisions
that are now in various Istages of engineering and construction
involve treatment and d~scharge of contaminated surface waters at
the quarry and chemicaliplant. Any of the listed documents can
be made available to you at your request. '

A copy of the Work ~lantfor the ~emedi~l' ~nvestigation/
Feasibility Study-Enviro,nmental Impact Statement for the Weldon
Spring Site, August 1988 is, enclosed for your use. The Work Plan
was developed to show hdw DoE will'carrY out environmental'
compliance activities r~quired to support decisions under both
NEPA and CERCLA. ' I

•

..!

, I

'.

•I
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Upcominqdecisions in 1991 and 1992 will establish requirements
for demolition of structures a~ the chemical plant and .
requirements for final cleanup, treatment and disposal of all
radiolaqical and chemical waste. We will put your oftice on ..•..
distribution tor documents related to these decisions.

It you have any questions please qive ae a call. In order to
assist you in carrying out your responsibilities as a Natural
Resource Trustee we would be pleased to aeet with you and provide
a comprehensive briefing. '.

Sincerely,

~~~~
~stephen H. McCrackenr W Proj ect Manager

Weldon Spr-inq site
Remedial Action Project

Enclosure:
A~ stated

cc wlo enclosure:
Bill Adams, EW-90'
Peter Gross,. SE-31
W.E. Murphie, EM-423
Jim Powers, PMC
Marqaret Mac.Donell, ANL
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11/(17

06/88

1,1/87

11/87

11/87

11/87

11/87

11/87 '

11/87

08/90

in 'draft

07/90

01/89

03/91

pocument

EE/CA

EE/CA

EE/CA

EE/CA

EE/CA

EE/CA

EE/CA

EE/CA

EE/CA

EE/CA

EE/CA

EE/CA

,EE/CA

5.

Removal and Remedial Actions

, ' II', I
,, I

Action
.,II

Electrical powerj Line
and Pole Removal

, ~ .

2. ,Ash'p~nd IsolatirnDike

3. Army Vicinity Px;operty ,

overheadPiPing)Asbestos'Removal

Disposal'ofCont~inerizedChemicals
" l' .

PCB Transformer ,Removal
, '1.

Debris consolida.tion

Dismantlinq of +ildinq 40.

Dismantling of Building 401j' , ,
10. Dismantling of Non~ProcessBuildings

j ...'11. Dismantling of Process BU~ldlngs

. ~"
12. s~te Water Treatment Plant

. ~ . ,

13. Quarry Water Treatment Plant

~14. ,Quarry Bulk Wast'eRemoval ROD

EE/CA - Enqineerinq I.luation/cost 'AnalYSiS.
ROD - Record of Decision ' ,

1.

4.

7.

6.

8.

9.

;

•
, !
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Department of Energy
Oak.Ridge Oper.lions

Weldon Spring Site
. Remedial Action Projecl Ottice

Roule 2. Highway 94 Sou1tl

5 .. Chllfles. Missc\lfi 63303

Apri'l 10, 1991

Mr. Tracy Mehan, III
Director,
Missouri Department of Natural Resources
Post Office Box 176
Jefferson City, Missouri 65102

Dear Mr. Mehan:

NOTIFICATION TO NATURAL RESOURCE TRUSTEES, 40 CPR 300.135(j)
SUBPART G - TRUSTEES FOR NATURAL RESOURCES

As a trustee for natural resources located on, over, or under
land administered by the United States, this letter is to
officially notify you as a co-trustee that the Department of

·Energy (DOE) is planning to remediate the Weldon Spring site.
The remediation work will be performed in accordance with
decisi~ns reached under.NEPA and CERCLA.

. .

Discharges or.releases of hazardous substances have occurred; The
WSSRAP is beinq conducted to eliminate potential hazards to the
public and the environment that are associated with a uranium
processing facility that operated from 1957 to 1966. The site
consists of four large waste pits, an inactive Chemical Plant,
and a quarry that has been filled with contaminated debris.
Also, included are several small.areas outside the Chemical Plant
and the quarry' called vicinity properties contaminated as a .
result of activities associated with previous uranium processing.

The WSSRAP has been listed on the Environmental Protection
Agencies National Priorities List. As such, the EPA has final
approval authority on cleanup, treatment and disposal decisions.
To date, a number of interim actions have been or are being .
carried out to reduce offsite discharqes, improve site safety and
to better stabilize the site •. Enclosed is a list of these
activities. For each of the activities listed, a decision making
document(s) was prepared and agreed upon by the State of Missouri
and EPA. The most siqnificant decision to date was finalized in
Karch, 1991 and involves the removal transport and temporary
storaqe of waste from the quarry; Two other important decisions
that are now in various stages of. engineering and construction
involve treatment and discharge of contaminated surface waters at
the quarry and chemical plant. Any of the listed documents Can
be made available to you at your request .
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A copy of the Work PI~n '!or the Remedial Investiqationl
Feasibility study-Env1ronmental Impact statement for the Weldon
Spring Site, Auqust 1988' is enc~osedfcr your use. ~e Work Plan
was developed to show ho~ DOE w111 carry out environmental .
compliance activities required to support decisions under both
NEPA and CERCLA. . :1

, ~

'Upcominqdecisions in 19?1 and 1992 will establish requirements
for demolition of structures at the chemical plant and .
requirements·for final c'leanup, treatment and disposal of all
radioloqical and chemic~l waste.: Mr. Dave Bedan has been
involved in development ~ofthese,documents. , . .

If you have any questions please. give me a call. In order to
assist you in carryinq qut your responsibilities as a Natural
Resource Trustee we would be pleased to meet with you and provide
a comprehensive briefing.,

Sincerely,

~.

I

Enclosure:
As stated

cc wlo enclosure:
Bill Adams, EW-90
Peter Gross, SE-31
W.E. Murphie, EM-423
Jim Powers, PMC
Marqaret MacDonell, ANU

.' i

, I

Stephen H. McCracken
Project Manaqer
Weldon Spring site
Remedial Action Project •

"

i
j
I

'J
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Removal and Remedial Actions

14. Quarry Bulk Waste Removal

13. Quarry Water. Treatment plant

8. Dismantling of Building 409

9. Dismantling of Building 401

10. Dismantling of Non-Process Buildin9s

- 11. Dismantling of Process Buildings

.12. Site Water Treatment Plant•

1.

2.

3.

4.

5.

6.

7.

Action

Electrical Power Line
and Pole Removal

Ash Pond Xsolation Dike

Army Vicinity Property

Overhead Piping/Asbestos Removal

Disposal of Containerized Chemicals

PCB Transformer Removal

Debr1s Consolidation

Document

.. EE/CA 11/87

EE/CA 06/88

EE/CA 11/87

EE/CA 11/87

EE/CA 11/87

EE/CA 11/87

EE/CA. 11/87

EE/CA 11/87

EE/CA 11/87

EE/CA 08/90

EE/CA in draft

EE/CA 07/90

EE/CA 01/89

ROD 03/91

•

EE/CA - Engineering Evaluation/Cost Analysis
ROD - Record of Decision



1-28
. ,
. ~,.

f'

United States ,'~epartm~ntof the Interior
. FISH AND WILDLIFE SERVICE

q . . •
COWYIIIA rmtD oma (1eS)
. 1P.O. Bo. 1501T-.......

De mb22, 1988,I ce er

Ihor Hlohowskyi, Ph.ID.
Argonne National La~~ratory
9700 South Cass Avenue -
Argonne, Illinois 66439

Dear Dr. H10hOWSkYiJ. .':1 .
This is in reference to your letter and attached map of
December 6, 1988 reguesting ~hreatened and Endangered

.Species information] for FederaUy listed spe~ies~

Endangered Species ~Comments .

under.section 7(c) JOf theE~dange~ed Species Act, Federal
agenc1es are required to obtain from the Fish and wildlife
Service informatio~ concerning any species, listed or
proposed to be lis~ed, which may be present in the area of a
proposed action. therefore, we are providing you with the
following list of species which may be present in the
concerned area:

Endangered

­•
.:
l-

i,

I
!:

;'

j
I

d.•
Bald eagle (Haliaeetus leucocephalus)

Under 7(C) of the Endangered Species Act of 1973, as
amended, the Fede~al agency responsible for actions
authorized, funded, or carried out in the furtherance of a
construction proj~ct that significantly affects the quality

'Iof the human environment; is required to conduct a
biological asses~ment. The purpose of the assessment is to .
identity listed or proposed species likely to be adversely
affected by theit, action and to assist the Federal agency in
making a decisiori as to whether they should initiate
consultation. ~

•
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. . . . .

If you have any questions regarding this response or if- we
can be of any further assistance, please contact
Mr. Tom Nash, Columbia Field Office, P. o. Box 1506, ­
Columbia, Missouri 65205, (314)875-537~ or {PTS)276-5374.

Sincerely yours,

I~/~
Joe Tieger
Field Supervisor

TJN:mb:1124STWELDOB
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United States Department· of the Interior
.' ' Fi~b ~nd Wildlir~ Service '

, I
Flsh.nd WlIdllre Enhancement

d1umbla FIeld omce
608 Eal' Cbeny:Street

I '
~uDlbla, Mllsourl '-5201

. .,.
TAD- •

j~Wli~f=='

- -- II!'

•I. I

In Rcpiy Refer 10:

FWS/AFWE-CMFO

;.
, May 9, 1990

I
.!

Sincerely yours,

A"Y7 .1t4l .
. Jerry J. Bra~ander

Field Supervisor .

.~: .

Argonne National Labora;tory .
Attn: Ihor Hlohowskyj, 'j'Ph.D.
9700 South Cass Avenue,EID/301
Argonne, Illinois 60439

1

,-••3.

Dear Dr., Blohowskyj : "

Our information onThr~atened and Endangered species at the Weldon
Spring site has not changed since our letter to you of December 22,
1988 (copy enclosed). :IAlSO enciosed for y:our use is a letter with
enclosure to Mr. Ken 'Lawver of the Department of Energy. ,This
further defines our position relating' to ~hreatened and Endangered
species. :1
Should you have quest~ons ~oncerning this response, or if we can .
be of any further ass~stance, please conta~t Mr. Tom Nash at·the,
address above, or by ~elephone at (314)876-1911 or (FTS) 276-1911.

'. I,
I,

•
'Enclosures

cc:

,,, .
I

MOe: Jefferson c~ty, MO (Attn: Dan Dickneite)
MOC: Jefferson c~ty, MO (Attn: Dennis Figg)
MOHR: Jefferson City, MO (Attn: Charles Stieffermann) .
EPA: Kansas City ~J :KS (Attn: Bob Barber)

• "f .

TJN:tn:1124stweldod

I...
I

, •,!
I

f,
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Unit~d States Department of the Interior
Fish and Wildlife Service

Fish and Wildlife Entulntement
Columbia.~Id Omte

608 Ea~t Of", Street
Columbia, Missouri 65201

_.­- .
JJl Reply Refer to:

rvS\I'VE-CHFO

Stephen H. KcCracken
Project Kanager
Deparcmenc of Energy
Oak Ridge Operations
Weldon Spring Site
Remedial Action Project Office
Route 2. Highway 94 South
St. Charles, Hlssourl 63303

Dear Kr. KcCracken:

JUN , 3 '991

•

·.This responds to your May 15. 1991. letter requestIng comments on the proposed
.remedlal action involving the fUllng of four rafflnate pIts and tvo drainage
ponds at the Weldon Springs sIte In St. Charles County, Kissouri.

The remedial action will involve draining and treating the raffinaee water and
treating the raffinate sludge. Subsequent to pit clean-up the pits vill be
filled in and graded to eliminate ponding of surface water runoff.

During remediation, tvo drainage ponds. frog pond and ash pond. vill also
likely require. clean-up in Vhlchcese the topography in those areas will be
reconfigured to eliminate these ponds.

We strongly encourage you to reconsider creating wetlands after completion o.f
the final disposal· cell. In light of the need to obtain borrow material to
fill the raffinate pits, the creation of depressional wetlands eould be
accomplished without any significant increase in project costs. Due to the
overall loss of wetlands in the State of Kissouri and nation-wide. a few
scattered lakes and ponds within the general vicinity does not diminish the
value of wetlands nor justify their eli.ination. If appropriate. non­
contaainated sites exist in the immediate project vicinity. we believe the
creation of additional wetlands would only make the existing lakes and ponds
1I0re valuable due to lncreased ·diversity.and collectlve lIagnltude .. We would
be glad to lIeet with you to discuss wetland creation strategies for the
project area during remedial action planning .
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. Sl~ce~~j.~~~'
~~¥fW'""~ ..
W~ J..,~and.' • .•..

Fle,ld 5~pervl.or

. :;
, :;--

Stephen H. KcCracken
Project Kanager
Sho~ld'yo~ have questIons c~ricernlng the.e comment. and.recommendaCl

ons
• or

ve ca~ be of any f~rther a••~stance. pl~ase contact Richard 5z1emp.at the
address above. or by telephone at (314)876-1911 or (fT5)276-1911.

cc: MDe; Jefferson Clty. KO (Attn: Dan Dicknelte)
EPA; Kansas City. itS" (Attn: Kathy H~lder)
MDNR; Jefferson Clty. HO (Attn: Charles Stieferma

nn>"

;?,.

. ::,

.. I
I

•
.~.

RBS:rs:1132\STRAFFXA'

•
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United States Department of the Interior
Fish and Wildlife Service

Flsh and WIldlife EahanCeiDenl
Columbia Field Ollke
AI East Cben'J Street .

CoIulllbla, MlllOuri"ZOI

ID RcpIr Refer 10: JUN 2 7 1991
. FVS/AFVE-CHFO

Dr. Ihor Hlohowskyj
"'rgonn. Naciorial Laboratory
Environmental ....s.ssment and· Informacion Sci.nces Division
9700 South Cass "'venue .
luilding 900
...rgonne. Illinois 60439

- -. - ...

•

•

Dear Dr. Hlohowakyj:

This r.sponds eo your leteer. dated JuneS. 1991. requ••eing the co_enta of
the U.S. Fish. and ~lldlife Service (Servic.) on the propoa.d rail aIding
locat.d In ~.nezvill•• Missouri. for the temporary storage of coneainerized
.er.ae.d wasee. eo be eransporeed by rail eo a dispoaal facility .

These eo~encs are prOVided as t.chnical ·assiseanc. and predevelopmene
consuleaeion and do noc constituee a Service report under auchority of the
Fish and ~11dllfe Coordination Act (Coordination Act) (16 U.S.C. 661 ee seq.)
on any required Federal environmental ~eview or permie or license .pplicaeion~

We have reviewed the plans for .the proposed project and offer the follOWing
co_ents:

1. The proposed project does not appear to impact Federal fish and wildlife
lIanagement fac.ili ties. Please contact the Missouri Deparemene of
Conservation (P.O. 80x 180. Jefferson Cley, Klssouri 65102) concerning
State management facilities.

2. Conseruction and. operational activities should avoid wetlands, sere....
and riparian zones to the maximum extent possible. If impact to the.e
areas is unavoidable. a permit may be required from the U.S. Army Corps
of Engineers .nd/~r the Kiasouri Deparement of Natural Resourc.s. If.
Fed.ral permit is required, the Service would review the appllcac:lon and
provide recommendations. .

3. No federally listed endangered or threatened species occur 1n ebe
project area. However. please contact the Missouri Deparcmenc of
Conservation concerning State-lisc~d endangered and threatened speci••.
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Dr. thor Hlohovskyj
Veldon Spring Site

4. Plea.e contact the Enyir.olUllental Protection Agency-Region VII (726
Hinnesota Avenue, Kansa. City. Kansas 66101) for information on the
resulationa pertinent' to temporary storage of containerized treated
va.te. and on the transportation of the.e v••te•.'1 " ',

Based upon the subaitted 'information, ~ve have 'no objection to thb proposal ..
currently planned, provid.d~that our recommendations are followed. However,
should the plans be aodif1e4d, w. recOft!lJiend' that you reinitiat. coordination
with ,thb office. :i '
Should you have questlon~.~oncerning this response, or 1f ve can be of any
further a.sistance, pl•••• /contact Ms. Colette Charbonneau at the address

...... or by "'.phon••tr4)876-'::~::.:::~:::'911'

"I ,

~~11~
, , , '\P""\~

J.rry J~ Brabend.r
Fi.ldSup.rvi.or

'cc: HDC; Jefferson City;, 'HO (Attn: Dan Dickne1te)
MDC; J.ff.rson City, ~o (Attn: D.nnis Fig&)
MOHR; Jefferson City, ~O (Attn: Charles Stiefermann)
EPA; Kansa. City, KS(Attn: Kathy H~lder) ,

; I

CSC:cc:ll24/STVELD08

•
j

I,
I

I
i'
1
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United States Department of the Interior
FISH AND WILDLIFE SERVICE

FISH AND WILDLIFE BNHANCBMENT
UTAH BrATB OFFICE

2lI78 ADMINISTRATION BUILDING
1746 WBIrI' 17ClO 90trnt

SALT LAK£ CITY. UTAH lHlCN-6110

July 2. 1991

•

Ihor Hlohowskyj, Ph.D.
Environmental Assessment &

Information Sciences Division
Argonne National Laboratory
9700 South tass Avenue, Bldg 900
Argonne, Illinois 60439

Dear Mr. Hlohowskyj:

We have reviewed your letter of June 5, 1991 concerning the preparation of a
Feasibility Study-Environmental Impact Statement for the U.S. Department of
Energy to address remedial action activities at the Weldon Spring NPL Site
near St. Louis, Missouri. One alternative would be to transport the site"
wastes to a coomercial disposal facf11ty located near Cl he, Utah •

It appears that listed endangered and threatened species may occur in the area
of influence of this action. '

To comply with Section 7(c) of the Endangered Species Act of 1973. as amended,
Federal agencies or their designees are required to obtain from the U.S. Fish
and Wildlife Service (Service) information concerning any species or critical
habitat, listed or proposed to be listed. which may be present in the area ,of
a proposed construction project. Therefore, we are furnishing,you the
following list of species which may be present in the concerned area:

Listed'

bald eagle
peregrine falcon

Haljaeetys leycocephalus
~ oeregrinys

•

Section 7(c) also requires that the Federal agency proposing a major
construction activity that significantly affects the quality of the human
environment to conduct and submit to the Service a biological assessment to
detennine the effects of the proposal on listed and proposed species and
designated and proposed critical habitat. The biological assessment shall be
completed within 180 days after the date on which 1nitiated or, a time
mutually agreed upon between the agency and the Service. Before physical
modification/alteration of a major Federal action is begun. the assessment
must 'be cOfl'C)leted. If the'biological assessment is not begun within 90 days.
this list should be verified with us prior to initiation of the assessment.
We do not feel that we can adequately assess the effects of the proposed
action on listed and proposed species or critical habitat and proposed
critical habitat without a complete assessment. .
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When conducting a biological' assessment. a thorough review of the project and'
the potential impacts of the ,project on threatened and endangered species
within theinmediate project :area. as well as the area of influence. RUst be
made. , '.' r .'
Specific concerns that the Service has about this project and its potential
impacts on threatened and enaangered species are as follows:

b.ld e.gle ./.
The. bald eagle is a winter,~esident of the State of Utah. Only two active
nests have been documented fn the southeastern part of the state in recent
times. Compared to the rest of the nation, however, Utah has one 'of the
largest wintering populatio~s of eagles. In the 1983 Midwinter Bald Eagle
Survey sponsored by the Nat10nal Wil dlife Federation. Utah ranKed second with
a total count of 1.042. Th~s amounted to 9 percent. of the total U.S. count
for :hat year. " ' ' i ' .....
One of the largest concentrations of wintering eagles in Utah occurs in Rush
Valley. Tooele County. As :many as 200 birds have been counted in this ,area.
Roosting sites occur in clumps of trees on the valley floor and in protected
canyon areas. Thenumbersjof bald eagles in anyone area fluctuates according
to weather. food supply and time of year. It appears that peak numbers occur
in January.and early February. The birds begin to arrive in Utah in
mid-November and leave by ~arch to b~ginnesting in the northern United States
and Canada. A smaller number of eagles winter in Skull Valley which is

::~:::~n:'::l::ntheCI ive

l
slte... .. . .. .

The Utah Division of Wildlife Resources, 'in ,cooperation with the Peregrine.
Fund in Boise. Idaho" has ,been conducting a program to reintroduce peregrines
to the State of Utah. Hack towers used in the reintroduction program have
been built around the Great Salt Lake for this purpose. It is hoped that by

· establishing a core population of falcons on the marshes around the lake that
· the bir.ds will expand into historicalcl1ff habitat along the Wasatch Front
east of the lake. One·hack site, constructed on the north end of the .

. Stan~bury Mountains near ~Timpie, Utah that was used to r~lease Y9ung .
capt1Ve-raised falcons, now has a nesting pair of peregrlnes returning to use
the box. This site is adprox1mately. 26 mlles east of the Clive site. A ,
second hack tower on Antelope Island is also being used by'a pair of peregrine,
falcons. This tower is'approximatelY 55 miles northeast'of the Clive site.

· Concerns ... / ... .

Our concerns for both enijangered species are related to the toxicity of the
chemicals that may accidentally be r.eleased into the environment and the

. subsequent' impact to these species. These factors should be discussed as
fully as possible in the environmental impact statement.,

, I

I'.
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After the relevant Federal agency has reviewed the assessment, it is that
agency's responsibility to determine if the proposed action -may affect- any
of the listed species or critical habitats. The agency should also determine
if the action is liKely to jeopardize the continued existence of proposed .
species or result 1n the destruct10n or an adverse mod1f1cat10n of any
.critical hab1tat proposed for such species. If the determination is -may
'affect- for,listed species. the agency must request in writing formal
consultation from the Assistant Field Supervisor, Fish and Wildlife
Enhancement. at the address given above. In addition. if the agency'
detenmines that the proposed. action is likely to jeopardize the continued
existence of proposed species or result in the destruction of adverse
modification of proposed critical habitat, it must confer with the Service.
At that time, the agency should provide this office a copy of the biological
assessment and any other relevant information that assisted it in reaching its
conclusion. '.

The Serv1ce can enter into formal Sect10n 7 consultat1on only with another
Federa1. agency. State.. county or. any other governmental or pri vate
organ1zations can partic1pate in the consultation process. help prepare
information SU~h as the biological assessment. participate in meet1ngs. etc.'

Your attention is also directed to Section 7(d) of the Endangered Species Act,
as ·~nded. which underscores the requirement that the Federal agency or the
applicant shall not make any irreversible or irretrievable comm1tment.of
resources during the consultation period Which, in effect. would deny the
fonmulation or implementation of reasonable and prudent alternatives regarding
their actions on any endangered or threatened species. .

If we can be of further ass1stance. please advise us. The Service ,
representative who will provide you with technical assistance is Robert
Benton; FTS 588-4430, Commercial (801)524-4430.

cc: Utah Division of Wildlife Resources/Springville
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United States Department of the Interior'
~. .

'. .n~H AND WlLDUrE SERVICE

Fi~h.~nd Wildlife Enhancement
3704·Griffin Lane SE, Suite 102n .
Ol~ia. Washington .98501
206/.753·9440 FTS 434·9440

July n. 1991

•

FWS Reference
1-3-91-SP-407

Mr. Ihor Hlohowskyj
Argonne National Laboratory
9700 South Cass Avenue, .Building 900
Argonne, Illinois 60439 .I
near Mr. Hlohowskyj: ' I

As requested by your letter: dated June 5, 1991 and received in this office on
June- 17, enclosed is a lis1 of endangered and threatened species that may be
present in the area of the proposed contamina~t disposal site at the 200.West
area of the Hanford site in1 Benton County, Washington. The list fulfills the
requirement of the Fish and WildUfe Service under Section7(c) of. the
Endangered Species Ac.t ofj 197j, as. amended. We are also enclosing the
requirements for Department of Energy compliance under the Act, .

. I. .
. - . , , . . .

Should the biological assessment detenaine that a listed species is likely to
be affected (adversely or1 beneficially) by the project. the Department· of
Energy should request fom~l Section 7 consultation through this office.: If
the biological assessment detemines that the proposed action is "not likely. ~

. to adversely affect" a listed species, the Department of Energy should request
Fish and Wildlife . servic~1 .concurrence with that deteJ;lIination through the
informal consultation process. Even if the biological assessllent shows a -no
effect- situation, we would appreciate receiving a copy for our information.. . .f . . .
Also included is a Ust o:f candidate s~ecies presently under revl9w b~' this
Service for consideration rs endangered or threatened,. Candidate species are
included simply as ·advance. notice to federal agencies of species which may be
proposed and listed in th, future. However, protection provided to. candidate
species now may preclude possible listing 1n the future. If early evaluation
of your project indicates1 that it is likely to adversely 1JIIpacta candidate
species, the Departllent of Energy lIay wish to request technical assistance
froll this office.

. I

•



•

•

•

J-39

Your interest in endangered species is appreciated. If you have additional
questions regar4ing your responsibilities und!lr the Act,. plea..e contact Jeff
8_s or Rich Carlson of.y staff. at the letterhead phone/address.

Sincerely,

!l~'~l~J~
Acting Field Supervisor

rc/ltr·

Enclosures

c:. USDOE, Richland
USFWS, Kose. Lake (Kauahei.er)
USFWS, Boise (Parenti)
wnw, Olyapia (Nong..e) .
WNHP, Olyapla

2
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LISTED AND. PROPOSED ENDANGERED AND THREATENED SPECIES AND
CANDIDATE SPECIES THAT KAY -OCCUR VtTHIN THE AREA OF THE PROPOSED

CONTAMINANT DISPOSAL SItE AT THE 200 VEST AllEA OF THE HANFORD SITE
IN BmON couNTY. WASHINGTON.

d .

(Located in, v/ariOUS ..ctioNl of Tl2/13N R26E)

USTItD

Peregrine falcon (Falco peregrLnue) - apring and fall lIigrants lIay occur in
the vicinity of the project .,roD September to April.

Bald eagle (HaIL.eetus leucocephalus) • wintering bald eagles may occur.in ·the
. vicinity of the project from/About October 31 through. Karch 31.

Kaj or concerns that should be addressed in. your biological assessment of
project impacts .to listed species are: . .

J • .Level of use of the project area by listed species.

Effect of the project~ on the listed sp.cies· prilllary food stocks and
foraging ar.a. in aU iarea. influ.nced by the proj.c t.

Impacts from contaminant di.~os.l· (1 .•.• los. or degradation of habitat.
inereased nobe leveFe. incr.ased hUilan activity) which may result in

. disturbance to Hstsd' species 'and/or their' avoidance of the project
area.

PB.OPOSItD

None

. I

CANDIDATE

Ferruginous hawk (Buteo regalls) - lIay occur in the vicinity of the project

area. l' ..
Long-billed curlew (HWllentus amertcanus) • lIay occur in the vicinity of the
project area. 1
W.atem aage grouse (Cellfroc.rcus uropha.lanus phalos) - lIIay occur in. the
vicinity of the project a,ea.

Rorlppa columbIa. - (ColUabia yellow-cress) - _y occur in the vicinity of
your project at T13N R26 533/34.

I

I

3

I

I

_)1
. II

I

•

•



IN IlEPI.Y REFER TO:

•

•

•

/-41

United States Department of the Interior
FISH AND WILDLIFE SERVICE
Fish and Wildlife Enhancement

Columbia Field Office
608 East Cherry Street

Columbia. Missouri 65201

FVS/APVE-CMFO OCT 0 1 1992

Dr. Ihor Hlohowskyj
Argonne National Laboratory
Environmental Assessment and Information,Sciences Division
9700 South Cass Avenue
Building 900
Argonne, Illinois 60439

,Dear Dr. Hlohowskyj:

This responds to our telephone conversation on September 25, 1992 requesting
information on endangered species in the vicinity of the Weldon Springs '
hazardous waste site.'

These comments are'provided as technical assistance and predevelopment
consultation and do not constitute a U.S. Fish and Wildlife Service report
under authority of the Fish and Wildlife Coordination Act (Coordination Act)
(16 U.S.C. 661 et seq.) on any required Federal environmental review or permit
or license application.

We have reviewed the project area and have made the following determinations
on endangered species:

1. The bald eagle (Hallaeetus leucocephalus) utilizes the Missouri River as
a food source and roosting sites in the winter months. The "eagle has
been sited in St. Charles county on the last 6 bald eagle 'winter counts.
There has been an average of 2S birds sited in the county each year.

2. Decurrent false aster (B61tonla decurrens) is in St. Charles county
north of the project site. It has not been documented to be at Weldon
Springs.

3. The pallid sturgeon (Scaphirhynchus Albus) was listed as endangered
since your last contact with this office. There are historical records
of the sturgeon in the Missouri River near the project site.

4. The easter massasauga (Slstrurus catenatus catenatus), a category 2
candidate species2 , has been documented to be in St. Charles county.

2Category 2 candidate species are 'those for which the Service' is seeking
additional information in order to determine their biological status; few
Category 2 candidate species are proposed for listing. Candidate species have
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'"It
IDr. IhC?r Hlohowskyj . I 2

. ~I' .
. 5. The sicklefin chub (HlIcrrhybopsls f'1eekl) and sturgeon chub (H. g~l{da),

also category 2 candid~te species,; have been.found in the Missouri River
below weldon, Springs. ,:~I:

Should you have questions concerning this response, or if we can be of anyI ,.
further assistance,please contact Ms. Colette Charbonneau at the address
above, or by telephone at (3l~) 876-1911.

i
i
i
i
I

I
1

•

Jerry J. Brabander
Fie~d,Supervisor

Sincerely yours,
•. j

, I
MDC; Jefferson City, MO (Attn: Dan Dickneite)
MDC; Jefferson City, HO (Attn: Dennis Figg)
MDNR; Jefferson.City, HO {Attn:'Charles Stiefermann)
EPA; Kansas City, KS (Atth: Kathy Mulder) .

~ .

cc:

CSC:cc:ll56/STWELSPR

. I

•

. I

no legal protection under t~e Endangered Species Act and are included in ~his

document for planning purposes only. ,

•
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH AND DEVELOPMENT

ENVIRONMENTAL CRITER'A AND ASSESSMENT OFP"CE
, CINCINNATI. PHIO 4:1268 .

AUG 2 9 1990

SUbject: Human Health Evaluation for the Weldon Spring NPL Site
(~eldon Spring, Missouri)

From: pei~F~ng Hurst, Coordinator ~.~ ~~~~
Superfund Health Risk Technology support Center ,
Chemical Mixtures Assessment Branch

1v": '/J' J, .. ..--.. r..fl2.«, ............~W.Bruce Peirano
Acting Chief
Chemical'Mixtures Assessment Branch

Dan Wall
U.S. EPA
Region VII

Thru:

To:,.
This memo is a draft response to the request of Lynne Haroun

of Argonne National Lab who is currently working on Weldon Spring
~PL Site in your region.

Attached please find the information requested. Feel free to
contact me at FTS 684-7300 if I can be 'of furtner assistance.

Attachment

cc: D. Crawford (Region VII)
C. ,DeRosa (ECAO-Cin)
S. McCracken (DOE-WSS)
B. Means (OS~~JO)

T. O'Bryan (OS-230)

•
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Revie. for the.eldonSpring HPL Site
..ij . j. '.

Inhalation. Reference conoentr~tion8

btiaony. Not available •

.ar.enio.Not. available. "

: .erylllwa. Not available.

Cadlliwil. Not available~l ATSDR derived a chronic MRL of 0.0007
mg/cu.m. for renal effects in hUDians.J .
Chro.lwa (III, VI). CUrrently not available. The inhalation RfC
is being reviewed by OHEA'and an interim value might be available
near the end of August.·

Cobalt. Not available.

Copper. Not available.

LeaG: Not available (s~e discussion of oral RfD).

Li1:bi_•. Not available.:I
Kercury. There is a ve~ified inhalation Rfe of 0.0003 mg/cu.m •.
for inorganic mercury. The critical effect was neurotoxicity in

. humans. ThisRfC is pe~~ing input into IRIS. ATSDR derived a
.~ chronic MRL of 0.0003 mg1cu.m. for metallic mercury. . .

{>,:l. KolybdenUIII. A recent· HEED .. (U.S •. EPA,. 1990) indicated that no
. inhalation data were adequate for derivation of criteria. "

Hickel. Not available. ~ ATSDR derived an MRLfor intermediate
duration exposure based~on immuriotoxiceffects· in rats, but the
exact value was not soecified. .

Selenium. Not availa~le.i A recent HEED (U. S. EPA, 1989) concluded
that there is insufficie~t inhalation data for deriving criteria.

•

.'

8ilver. Not available.·' i
Thalliua. Not available. A recent HEED (U.S. EPA, 1988) concluded
that there is inSUfficient inhalation data for deriving criteria •

.Vraniua. Not available.l

Vanadiwa. NO~ available.
. . . J

2,4- and Z,I-Dinitrotoluene. Not available.. ".

1 .'
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1,3,S-Trlnitrobenzene. A HEED (U.S. EPA, 1989) concluded that
there is insufficient data for deriving criteria.

2,4,.-Trinitroio~u.n.. Not available.

Polychlorinated bi~henYls (PCBs). Not available.

with regard to the use of OSHA or AGCIH values as inquired by.
Ms. Lynne Haroun our view is the following. Threshold Limit Values
are derived with the purpose of protecting healthy workers from
occupational disease and are not recommended for deriving health.
criteria for the general population, which may include highly
sensitive subgroups that are not represented in the work force
(e.g. children). Furthermore, the procedures used to derive OSHA
or ACCIH values do not conform with current EPA methodology and
guidelines regarding inhalation reference concentrations.

2.0ra~ Rererence Doses

Cobalt. Not available.

Lead. Not available. It appears t~atsome of the effects
associated with lead exposures, particularly changes· in the levels·
of certain brood enzymes and. in aspects of children's
nelirobehavioral development, may occur at blood levels so low as
to be essentially without a threshold. The Agency's RfD Workgroup
has discussed inorganic lead (and lead compounds) at tw~ meetings

. and cc;msidered. it inappropriate to develop RfDs for inorganic lead.·
However, anUptake/Biokinetic Model for lead has been developed by
ECAO and we can run the model for you with site~specific values ..

Lithium. . Not available. TSC recently derived ·a provisional
chronic oral RfD of 20 ~g/kg/day for lithium based on nephrotoxic
effects in humans .receiving long-term lithium therapy. Detailed

. in~ormation is available upon request.

·2,4- and 2,.-Dinitrotoluene. TSC recently derived interim chronic
oral RfDs of 2 IJg/kg/day and 4IJg/kg/day for 2,4- and. 2,6­
dinitrotolune, respectively. These two values were derived from
NOAELs for systemic effects· in dogs. Detailed information is
available upon request. . .

Polyohlorinated biphenyls (PCBs). Not available. A chronic oral
RfD of o. 0001mg/kg/day was derived in a Drinking Water Quality'
Criteria (U.s. EPA, 1988) for developmental effects in monkeys
treated with Arochlor 1016.

2
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i
3. X.balaHo.Slope FaoTrs ,

2, 4, '-Trlnltrotoluene. Not available.. . . . i .
2,4-an42,'-Dinitrotoluene. Not available •

• olyzlucle.r aro~1:1c ..;4rJcarbons. Not. available on IRIS. Asa
conservative assumption, '.it is appropriate to use the inhalation
slope factor of 6.1/(mg/kglday) that was derived for benzo[a]pyrene

-in a 1984 REA as an interim value •

• 01YC"lorina1:.db~p...nY1~J(PCBS).: Not ~vailable. The inhalation
slope factor for PCBs is icurrently. under discussion by the CRAVE
Workgroup at the EPA.. :"~' .. ,.' '. ' .

Lead. Not available. QU'~ntitative estimates of carcinogenic risk
from exposure to lead a!re not '~available because of the many
uncertainties involved, ~nd'some of them may be unique to lead.
A brief summary of rele~art issue$ follow •

.1.. Cross-species Extrapolation

% Lead' absorption, m~tabolis~, distribution and excretion
<,. through the renal and gas'~rointestinal tracts have all bee~ shown

to vary across animal speches. Therefore, a credible cross-species
extrapolation from animal! studies to estimate the cancer potency
for humans should includ~ cross~species pharmacokinetic modeling.

. J ' . . - .
2~ Routes of Exposure ... l' . .
Although it appears' ~hatall routes of exposure can r~sult in

absorption of lead to so~e extent, the route of exposure affects
the degree of absorptionJ The absorption of inhaled lead further
~epend~ on particle siz~land ~entilationrate~~ The inj~ctio~ and
~ngest~on routes of exposure ~nduce tumors at a common s1te (~.e.,

kidney). This suggests that lead .is distributed to the same target
sites, despite differene~s in th~ route o( exposure. '

3. Forms of Lead,1
Although all lead ~pmpounds can be absorbed to some extent, ­

several studies have s~own that the nonlead moiety of a lead
compound can affect its absorpt~on.

4. Bioavailability
. I:

Under acidic conditions, several lead compounds are converted
. to compounds such as lea~ chloride, which is more readily absorbed
than the parent compound.

s. Dose

3

•

•
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Absorption in rats 4 hours after gavage administration of lead
is about 5% over doses ranging from 1 ug to 10 ug, but falls off
to 1% at 1 mg.·

6. Nutritional State

Deficiencies in certain essentials nutrients,
levels of calcium phosphate, vitaminD, iron, copper,
enhance lead absorption, influence distribution,
excretion.

such as low
or zfnc, can
or decrease

•

7. Age

Children absorb 50% of ingested lead, compared with between
10 and 15% for adults. The fraction of absorbed lead retained in
the body ranges from 1-5% in adults to 32-34% in young children.
It is not clear how lifetime exposure studies can be used to make
inferences about cancer risks rising from childhood exposure.

8. Types of Tumors

A few studies conducted at doses well below the maximUJll.
tolerated dose suggest that lead may also induce cerebral gliomas,
testicular tumors, reticulum cell sarcomas and various other
tumors. The evidence for these other tumors is much weaker· than
that for kidney tumors, however, these studies do sugqest. that
lead Jlay act to induce cancer at a variety of sites, at lower
exposure levels than those that cause. kidney tUJllors.

4. Oral Slope Pactors
:,.:

•

Polynuclear aromatic hydrocarbons. Not available (see inhalation
slope factors). The Ambient Water Criteria Document (U.S. EPA,
1980) and Health Effects Assessment Document (U.S. EPA, 1984)
derived an oral slope factor of 11.5/(mg/kg/day) using a linearized
mUltistage procedure. This value could be adopted as an interim
value for the risk assessment of Superfund sites.

Chromiua(VI). Not available. There is inadequate evidence for
carcinogenicity of this compound by the oral route.

Lead. Not available (see inhalation slope factors).

5. Deraal Route of Exposure

Of the metals listed under , 1 above, dermal absorption· of
mercury (metallic form) represents a potential hazard to human

4
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health. ·Cobalt and Nickel are skin sensitizers. Arsenic and
Copper may produce contact;! dermatitis.'

The followinq iaa': LummarYOf is~ues related to the risk
assessment of the pathwa~i. .: ...' ..

. . Because toxicity valu,es for dermal exposure are generally not.
available, current EPA me~hods specify that dermal toxicity values

. are to be extrapolated o~~y from values derived for oral exposure.
Adequate dermal toxici~y data are sometimes available for
carcinogenicity (e.g., sk~n painting stUdies). These studies can
be used to support or oppose the appropriateness of route-to-route
extrap01ation, but there~ is currently no EPA· method for using .

.dermal data. as the basis for a toxicity value. Since dermal
exposure. is expressed as~an absorbed dose, oral toxicity values
used for dermal risk a~sessmentmust also be expressed as' an
absorbed dose. Most. dral toxicity values are expressed as
administered doses and therefore will require' absorption.

J. ,.
adjustment. Slope factors are adJusted to an absorbed dose· by
diViding by, percent ora~l absorption, and :reference doses are'
adjusted by multiplying by percent oral absorption. A conservative
assumption for oral absorption in the absence of appropriate
information. isS'. (Risk Assessment Guidance for Superfund, 1989).
However, if the actual oral absorption efficiency is higher, use.
of the default value oflS% will underestimate .the absorbed dose
toxicity value. This could be by a factor of as, hiqh as 20 if

. absorption. efficiency i511100%. '. . .'. . "

Permeability constants, dermal absorption factors and
adherence ,factors can have a significant effect on the magnitude
of dermal .absorbed dose~. Oral absorption factors can similarly
influence absorbed dose~lope factors'- The choice of fa~tors and"
constant values therefore can have a· pronounced effect, .. perhaps

. several orders of magni~ude variation on cancer risk estimates. '. . I'" .'
If, the respo,nse thaF is the basis'for the oral (or inhalation)

riSk assessment is at the portal of entry, extrapolation to the
dermal route on the bCl~is of absorbed dose is not appropriate.
Similarly, if the site of critical effect of dermal exposure to the
compound is the skin, ahd the available oral (or inhalation) risk.
assessment is based on ~ystemic effects,' extrapolation from oral
to dermal. is not appXjopriate.A possible exception to this
guidance would be the special case where the target organ for oral
or inhalation exposure tS the Skin. For example, oral exposure to
arsenic causes skin cancer in humans; dose-response data for this
effect are the basis fo~ the oral unit riSk. Extrapolation of this
unit risk' to dermal expbsure maybe appropriate, but the available
pharmacokinetics and mQchanism~of-actiondata for arsenic should
be considered. 1.

If the critical effect reflected 'in the oral (or inhalation)
risk assessment is spec1ific to that,route ('1..:;., there is evidence

5
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that it does not occur durinq dermal exposure, or, in the absence
of dermal data, that it does not occur followinq exposure to the
chemical by other routes), the extrapolation is probably not
appropriate.

Pha~acokinetic or mechanism-of-action data may be useful in
deciding whether an effect is likely to be route-specific. For
example, following oral administration, the total absorbed dose
usually passes through the . liver before. enterinq the systemic
cirCUlation. compounds that are toxic to the liver and/or that are
sequestered and metabolized efficiently by the liver, may have a
greater toxic effect on the liver and may have fewer and less
severe effects elsewhere in the body when administered orally than
when administered dermally (or by inhalation). Confidence in the
extrapolation of .. an oral toxicity value to the dermal route would
be lower for these compounds than for compounds that are not toxic
to or efficiently metabolized by the liver •

6
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June 19,1991

Mr. Christopher Dunn .
Argonne National Laboratory'
Bldg •. 900" '. .f
9700 So. Cass Ave. . " .
Argonne, Xli. 60439 "1
Dear Mr. Dunn, '!,

The enclosed material'lis provided "as per your request f.or
information regarding ttireatened and endangered plant and animal
species affected by the Fonstruc~ion and operation of a hazardous
waste incinerator at CHIve, Utah. The material is taken from the
Final Environmental Impact statement for USPCI Clive Incineration

. Facility (June 1990). " f .
Please contact me if'yoJ need additional information.I .

•

.;,.

Since~

~ Fairchild
Habitat Manager
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A variety of non-game maJIIllals, birds, 'and reptiles are supported by

habitats found in the proposed project area and associated utility,

railroad, and access road ROWs. Species that ma~ occur include the
Townse~'s ground squirrel, Ord's kangaroo rat, desert woodrat, western

harvest mouse, side-blotched lizard. gopher snake, Brewer'S sparrow.

black-throated sparrow. and horned lark (BLK 1982 and 1987).

Aquatic ecosystems do not occur on the Clive site.

3.2.4.3 Threatened, Endangered, or Special Status Species. No

federal or state-~isted threatened, endangered, or candidate plant species

are known to occur wit~in the Clive project area (Snyder 1989; BLM 1983,

1987, and 1988b).

The bald eagle and American peregrine falcon are federally-listed

endangered species that could occur within the project area (Benton 1989;. .

USfWS 1987). 'I1le bald eagle is a winter resident from late Novembe'r to
mid-March in the project vicinity. 'I1le majority of wintering eagles are
fo~ in Rush valley with others occurring in Skull and Cedar Valleys. No

bald eagle' roosts are located within the proposed project area; however,

the bl~ck-tailed jackrabbit is the primary food source utilized by bald

eagles in Tooele County (Benton 1989; BLK 1988b),. and eagles may

. potentially .hunt within this area.

One historical .. eyrie. of the American peregrine falcon was located
near· Timpie Springs Wildlife Management Area (WMA) in the northern end of.

the Stansbury Mountains. The nest site became inactive following the

. const·ruction of 1-80 in the late 1960s (Benton 1989; BLM 1988b). In an

attempt· to J;e-establish a breeding pair of peregrines, the utah Division

of Wildlife Resources,' in cooperation with the u.S. Fish and Wildlife

Service (USFWS), erected a hack site at the Timpie Springs WHA,

apprOXimately 26 mil~s ~rom the Clive site. The hack site became active

in 1983 and 1984, and a peregrine pair was observed using' the site in

Spring 1987. The hack site was occupied in 1989 by a nesting pair of

peregrines (Benton 1989). peregrines are known to arrive in the area in

March and, if nesting, may remain until September (Benton 1989). Due to

the distance between the Clive site and the eyrie, it is unlikely any

peregrines utilize the project area .
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The ·ferruginous hawk and Swainson's hawk occur within the project
uea (Be~ton 1989) and ar~:~th listed as federal .candidate species (C2

and. 3C, respectively). and' ~tate-list:ed candidate 'species (USfWS 1989) ~
Other .raptors cOIIIIlOnly foundf in the area include the golden eagle, prairie

falcon,' turkey ~lture, red-tailed hawk,. and burrowing owl. No nesting

captors have been identifi~ with.in O!,S mile of th~ facility site (Neison.
1989) •

The Cedar Mountains contain .a wild horse herd protected W\derthe. ~,., .

wild and Free Roam1ng Horse and Burro Act of 1971. The Cedar Mountain

herd presently contains anJstimatedi2s horses and extends from 4 miles

north of Eight Mile Spring Jt6 the southern portion of the Cedar Mountain.

range (BLM 1988b). Wildh01sesare.seldom encoUntered on' the Clive site

(Kidd 1989). The state SejSitive ki~ fox may occur throughout the West
Desert Hazardous Industry Area (Johnston 1989). .

. 3.2.5 Transportation· ·1
The proposed Clive sHe is 1ocatedapproximately 3 miles south. of

1-80, and approximately 70 ~rOad miles west of Salt. Lake City. The only
access to the site feom both the east and Wl!st is proviped by 1-80 which
is a 4-lane, divided highwa~. Road conditions along this section of 1-80

~

are generally well maintafned. Regional access to the s~te is also
provided by I-IS and 1-84 which travel in ~ north/south direction. While

there is an existing fre~Lay overpass near' the Clive site, there is no

permanent Inter~hange on . +80 . that provides direct . access to. the. Clive

site. Exis~in9 truck traflfic reaches the Envirocare and Vitro tailings

site in Section 32 by pulling off ~-80 onto a tem~~r~ry dirt exit road.

The west~bound exit and f east-bound entrance, roads were temporarily

established for the Vitro ~ailings. project and are posted for authorized

vehicles only. " . . '1 '" .
Traffic coW\t data are available for 1-80 from the Utah Department of. '.' . I . '. .

Transportation. Annual average daily traffic (AADT) for several locations

. along 1-80 are li~ted in fTable 3~5. The AAIYf data show that in· 1987

traffic was fairly W\iform along I~80 and exhibited a gradual increas7
from west to east. Traffib increased at these locations by approximately

~. .
7. to 9 percent between 1986 and 1987. There are currently 20 trains per

.I.
day on Union Pacific's tracks west of Salt Lake City (Alder 1989).
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