Replace Second Paragraph
Remedial action criteria for potential carcinogens are residual contaminant concentrations in
site media that cause associated health risk levels to fall within target USEPA risk ranges. USEPA
target risks considered here, which encompass the range of the overall USEPA target risk range of
10-4 to 10-6 , are 10-6 , 10-', and 10-4..

Replace Last Paragraph
Remedial action criteria for noncarcinogens are based on hazard quotients as discussed in
RAGS 1989 _ The hazard quotients for these two sites will be reported in the risk assessment that
will be revised in May 1994.
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doses for the subject noncarcinogenic contaminents of concern are exceeded by any
of the ADls estimated for the subject exposure pathways.

Therefore, remedial

action criteria for noncarcinogens are not necessary and ere not estimated in this
report.
The following approach for determining remedial action criteria for eech
environmental medium at the subject sites causing ele'/ated ris:<s is in accordance
with approaches described by Rosenbla tt et

~'

(1982), SmaIJ (1984), and USE P.'\

(1986). The elements of this approach include:
I.

Identification of the exposure pathways and environmental media
facilitating unacceptable exposures.

2.

For each pathway/environmental medium ceusing exposure resulting in
estima ted

cancer

risks

10- 6 ,

exceeding

rearrangement

of

the

appropriate exposure assessment equations (as presented in Section 6.0
of

the

Endangerment

Assessment),

so

that

the

contaminant

concentra tions in the affected media are defined in terms of acceptable
exposure levels (dose corresponding to the acceptable risk level for
potential carcinogens) and other variables used to estima te exposure.

3.

Determination

of

remedial

action

criteria

by

calculation

of

the

contaminant concentrations in affected media that would result in
acceptable exposure levels (dose corresponding to the acceptable risk
level for potential carcinogens) at exposure points.
Remedial action criteria determined for each medium and pathway by this
procedure are referred to by Rosenblatt et
pollutant limit values (S?PPL V).

~'

(1982) as single pathway preliminary

If a particular medium has been determined to

exhibit unacceptable risks via more than one exposure pathway, then the cleanup
goal for that medium must account for the possibility of multiple exposures to that
medium by more than one pathway. SPPPLVs are used in Equation 2-1 (Rosenblatt
et aI., 1982) to derive the cleanup goals, or preliminary pollutant limit values
(PPLV), that account for possible multiple exposures to contaminants of concern in
the same medium by different exposure pathways:
PPLV =

(Eq 2-1)
(J/SPPPLV

(I»

+

(J/SPPPLV (2))

2-3

+ ••• +

(J/SPPLV (m)

where:
m

=

The

total

number of pathways considered

In

the multiple

exposure calculation
PPLV

=

Preliminary pol1utant limit value

SPPPLV

=

Single pathway preliminary pollutant limit value.

In situations where only one exposure pathway is causing unacceptable exposure for
the medium being evaluated, the SPPPLV for that pathway is the final cleanup
goal.
As discussed in Section 1.2.4, two potential exposure path ways are estimated
to potentially pose risks in excess of 10- 6 .

These pathways and associated

chemicals responsible for the observed risks are:

Site

Pathway
No.

Contaminants
Driving
the Risk

Affected
Media

Mechanism

Line 800 Pink
Wa ter Lagoon

8

Groundwa ter

2 ,6-DNT; RDX

Future consumption of
groundwa ter impacted
by the lagoon.

Former Line 1
Impoundment

7

Soil/Sediment

RDX

Future consumption of
groundwa ter south of
IAAP
impacted
by
leaching of contamina ted soils/sedimen ts
into Brush Creek from
the former impoundment.

For both of these pathways, the exposure point(s) would be at future offsite wells
instal1ed in alluvial deposits along Brush Creek near the southern IAAP boundary.
As discussed earlier, it is not likely that such wel1s will ever exist.
For each of the above media at each of the sites, only one exposure pathway
is causing unacceptable exposures; therefore, the SPPPL Vs estimated below for
each pathway/medium are the final remedial action criteria.
Remedial action criteria determined by the above procedures for the target
risks of 10- 6 , 10-5, and 10-4 represent the concentrations below which potential
human exposures to the residual contamination are estima ted not to cause risks in

2-4

excess of the applicable target risk.

Considering that the exposure estimates

presented in Section 6.0 of the Endangerment i\ssessment are conservative, so too
are the remedial action criteria conservative (i.e., low).

It is also important to

note that the criteria are target levels that do not consider potential technology
limitations. Typically, if the remedial action criterion is below the capabilities of
available technologies, the inherent limits of the best available technology become
the operative remedial action level.

Furthermore, other remedial technology

evaluation factors, such as high cost, may result in the conclusion that a given
medium cannot be feasibly cleaned up to the specified goal or that a higher target
risk rang e (repre senting a 10 wer re medial action cos t) is appropr ia teo
In

addition,

it is believed

that the

tentative remedial action criteria

presented in this section are not meant to be strictly used in establishing definite
bounds for cleanup of contamina ted media. These goals are useful as guidelines for
defining and evaluating remedial action alternatives, and should only be used for
this purpose in conjunction with the knowledge of the nature and extent of
contamination, estima tes of reduction of risks posed by the implementation of
different remedial alternatives, and other key remedial action evaluation criteria.
The selected remedial actions for contaminated media at the two sites need not
necessarily meet the cleanup goals specified herein as long as each is a "costeffective remedial alternative that effectively mitigates and minimizes threats to
and

provides

adequate

protection

of

public

health

and

welfare

and

the

environment," as specified in the NCP (40 CFR 300.63(1)).
2.2.1

Line 300 Pink Wa ter Lagoon

2.2.1.1

Groundwater. Via Pathway No.8, potential future health risks in the range
of 10- 4 to 10- 6 are posed due to the occurrence of 2,6-DNT and RDX in the
bedrock aquifer. Similarly, the IAAP-specific LHA of 10 ug/l for RDX is exceeded
for the potential exposure point concentration (17 ug/l) estimated for RDX.
Therefore, remedial action criteria are developed for these two compounds that
correspond to the target risk levels of 10- 6 , 10- 5 , and 10- 4 .
Remedial action criteria associated with Pathway No.8 are developed
because it is conservatively assumed that explosives contaminants within the
limestone bedrock could possibly be transported to potential future shallow wells
installed adjacent to Brush Creek south of IAAP. If, in the future, IAAP property
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Replace First Paragraph

excess of the applicable target risk. Considering that the exposure estimates presented in Section
6.0 of the Endangerment Assessment are conseIVative, so too are the remedial action criteria
conseIVative (i.e., low). It is also important to note that the criteria are target levels that do not
consider potential technology limitations. Typically, if the remedial action criterion is below the
capabilities of available technologies, those technologies are eliminated based on effectiveness.
Furthermore, other remedial technology evaluation factors, such as high cost, may result in the
conclusion that a given medium cannot be feasibly cleaned up to the specified goal or that a higher
target risk range (representing a lower remedial action cost) is appropriate.
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is excessed along the current IAAP southern boundary, the potential future wells
along Brush Creek could be slightly closer to the Line 800 Pink Wa ter Lagoon than
is presently possible. Transport of contaminants to future offsite wells would be as
described for Pathway No. S--in which contaminants in groundwater at the lagoon
migra te

through

the

limestone

bedrock eastward to Brush Creek and, upon

discharge into the creek, are carried downstream via surface water, which can
recharge groundwater south of IAAP, thereby entering potential future shalJow
wells installed along Brush Creek.
Rela ting acceptable exposure levels corresponding to the three target risk
levels 00- 4 , 10- 5 , and 10- 6) for both 2,6-DNT and RDX to estimated exposures via
Pathway

No.8

enables

"back-calculation"

of

residual

2,6-DNT

and

RDX

concentrations in groundwater at the site, at and below which exposures at the
exposure point will not be caused that are in excess of the target risk level.
(Table 5-1,

Section of

the

Endangerment

Assessment summarizes

exposure levels corresponding to the three target risk levels.)
concentrations of

2,6-DNT and

RDX

are

the

remedial

groundwater remediation in the vicinity of the Line
correspond to the three target risk levels.

sao

acceptable

These residual

action

criteria

for

Pink Water Lagoon that

These remedial action criteria are

tabulated in Table 2-1. Also presented in Table 2-1 is the remedial action criterion
for RDX, based on using the LHA for RDX as the acceptable RDX concentration in
groundwater at

the potential future

receptor well, in addition to usmg an

acceptable RDX concentration in groundwater at the potential future receptor
derived from the potency factor for RDX and the corresponding acceptable
exposure level. It is noteworthy that the LHA-based remedial action criterion 00
ug/I) at the potential future receptor well is between the concentrations that
correspond to the 10- 4 and 10- 5 risk levels. The RDX cleanup criterion based on
the LHA is not used as a basis for developing and assessing remedial action
alternatives in this report.

The specific procedure used to derive the remedial

action criteria for both 2,6-DNT and RDX are presented below.
The first step in deriving the remedial action criteria is to calculate the
acceptable concentration of each contaminant in groundwater at the receptor well,
derived by relating the acceptable exposure levels to an assumed ingestion rate of
2 jiters/day and a body mass of 70 kilograms, using Equation 2-2 (USEPA, 1986b):
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C =

BW/ExD xl ,000

C

=

(Eq 2-2)

where:

Acceptable concentration in groundwater at the receptor
well (ug/!)

BW

=

Body weight (kg)

Exp

=

Acceptable exposure level corresponding to the target risk
level (mg/kg/day)

=

1,000 =

Water ingestion ra te (liters/day)
Conversion factor for changing mg/l to ug/l.

The values of Exp and C are tabulated in Table 2-1.
Equation 6-12 (renumbered

Equation 2-3 in this section) from Section

6.3.2.1.1 of the Endanger ment Assessment is then used to estima te the acceptable
contaminant concentration (CI) in the groundwater at Brush Creek east of the Line
800 Pink Wa ter Lagoon:
CI
C
=
n
Tot

(Eq 2-3)

The variable C in Equation 2-2 is equivalent to the variable CTot in the above
equation. Considering that the total number of stream segments along Brush Creek
between the Line 800 Pink Water Lagoon and the future southern IAAP boundary,
that

are

equal

in

length

to

the

stream

segment over

which

groundwater

contaminants from the lagoon discharge into the creek, equals 14 for Pathway
No.8 (Dames &: Moore, 1989), Cl is calculated for each of the explosives using
Equa tion 2-3.
For Pathway No.8, the groundwater contaminant concentrations observed at
well G-44 located approxima tely 450 feet from the lagoon have been assumed
represen ta tive of contaminant concentra tions in groundwa ter at Brush Creek. This
is because of uncertainties inherent in groundwater flow in limestone bedrock and
the resulting impossibility of predicting the concentra tions in Brush Creek to any
reasonable

degree

of certainty.

Following

this

reasoning,

the

calculated

acceptable contaminant cone en tra tions (C I) in groundwa ter a t Brush Creek east of
the

Line

800

Pink

Water

Lagoon

(which

are

assumed

equivalent

to

the

concentrations in the vicinity of the lagoon) are the cleanup goals for groundwater
between Brush Creek and the Line 800 Pink Wa ter Lagoon.
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Replace Last Paragraph
The cleanup goals used in the report should be considered preliminary estimates. They
were used to determine initial volume estimates of contaminated media. The risk assessment (RA)
for this site is currently being re-evaluated; if the RA determines that this site poses an
unacceptable risk, PRGs will need to be calculated and the volumes in the report refmed. It is
anticipated that the PRGs would be within the range of concentrations reported for "remedial
action criteria" in table 2-1.
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TABLE 2-1
Remedial Action Cciteria for
2,6-DNT and RDX in
Groundwa ter 2.t the
Line 800 Pink Watec Lagoon

Acceptable
Concentra tion in
Target
Contaminant

Risk

of Concern

Level

Acceptable
Exposure Leve I
(E xp)a
(mg/kg/dav)

Acceptable
Concentra tion in

Groundwater at

Remedial
Action

Receptor Well (Cl
(ug/!)

Brush Creek (C I)
Due East of
the Lagoon
(ug/I)

1.8

25

25

0.18

2.5

2.5

5.3 x 10- 7
9.1 x 10- 4

0.018

0.25

0.25 b

32

450

450

3.2

45

45

0.32

4.5

4.5 b .

10

140

140

2,6-DNT

10- 4

5.3 x10- 5
5.3 x 10- 6

2,6-DNT

10- 5

2,6-DNT

10- 6

RDX

10- 4

RDX

10- 5

RDX

10- 6

9.1 x 10- 5
9.1 x 10- 6

RDXc

NAd

NAd

Groundwa ter at

Criteria

(ug/!)

a From Table 5-1, Section 5.0, of the Endangerment Assessment (Dames &. Moore,
1989).
bSince these concentrations are close to or below the capabilities of available
remediation technologies, the lowest attainable level by the best available
technology may become the remedial action criterion.
clndica ted concentrations are based on the LHA for RDX.
d Not applicable because the calcula tions to derive the remedial action criteria for
RDX using the LHA do not require consideration of a target risk level or
acceptable exposure level.
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Comparison of the remedial action criteria summarized in Table 2-1 with the
groundwater monitoring results for the bedrock aquifer at the Line 800 Pink Water
Lagoon (Tables D-l and E-4A in Appendices D and E, respectively, of the
Endangerment

Assessment)

leads

to

the

following

observations.

Regarding

2,6-DNT, no site concentrations exceed the remedial action criterion of 25 ug/l,
which corresponds to the 10- 4 target risk level. Site concentrations of 2,6-DNT do
exceed the remedial action criteria of 2.5 and 0.25 ug/I, which correspond to the
10- 5 and 10- 6 target risk levels, respectively.
Regarding RDX, no site
concentrations (ranging from undetected up to 238 ug/I) exceed the remedial action
criterion of 450 ug/I, which corresponds to the 10- 4 target risk level. Site
concentrations of RDX do exceed the remedial action criteria corresponding to the
10- 5 (45 ug/l) and 10- 6 (4.5 ug/l) target risk levels.
If target risk levels of 10- 5 and 10- 6 are selected for the Line 300 Pink

Water

Lagoon,

groundwater

remediation

alternatives--which

are

capable

of

lowering explosives concentrations currently in excess of the cleanup goals and
preventing migration of contaminants

In

excess of these concentrations to Brush

Creek--would need to be evaluated for the shallow limestone aquifer. Such
alternatives need not be evalua ted for the target risk level of 10- 4 , because site
concentra tions are already below the remedial action criteria for this risk level.
The limestone aquifer is the migration pathway potentially facilitating future
groundwa ter exposures.

Direct remedia tion is not recommended for the wa ter-

bearing zone in the till, because the principal migration pathway for contaminated
groundwa ter in the till is down ward into the limestone bedrock ra ther than
laterally away from the source area.

Of course, remediation approaches that

prevent or limit this downward infiltration should be considered.

Also, lateral

groundwater movement in the till is very slow as compared to movement in the
immediately underlying bedrock.

In any event, approaches to remediating the

limestone aquifer (e.g., isolation, groundwater extraction/treatment) would also
result in indirect remediation of the till water-bearing zone.
groundwa ter extraction system

in

the limestone aquifer

For example, a

would

recover

con-

tamina ted groundwater discharging into bedrock from the till water-bearing zone.
It should also be noted that the hydraulic conductivity and homogeneity of waterbearing zones in the till is very low, making the feasibility of recovering contaminated groundwater directly from this zone a very slow and difficult process.
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It should be ecnphasized that the tentative groundwater cleaning goals

In

Table 2-1 are the residual contaminant levels that may remain in groundwater in
limestone

bedrock

following

site

remediation.

Howe'ler,

since groundwater

extractionltreatment will undoubtedly be a remedial alternative to consider for
this site, cleanup goals are also needed that specify the allowable residual
contaminant concentrations in groundwater that is discharged (e.g., to Brush
Creek) following treatment.

The basis for such cleanup goals may include NPDES

permit requirecnents and/or surface water quality criteria, which are discussed in
Section 2.2.1.2 with regard to discharge of lagoon surface water and are equally
applicable to the discharge of trea ted groundwa ter.
Of course, the actual cleanup goals for discharge to surface waters such as
Brush Creek would be specified in the NPDES permit for such an action.

In

specifying effluent limits, the regula tory agency will consider the flow conditions
under which discharge will occur and associa ted risk-rela ted factors relevant to the
protection of both the aquatic environment and human health.

The flow in Brush

Creek is often composed only of discharges resulting from remediation at the Line
800 Pink Water Lagoon.

Since Pathway No.8 identifies a potential conc"rn for

unacceptable exposures to oftsite groundwater along Brush Creek resulting from
recharge of shallow groundwater by surface water, the final cleanup goals for
discharged groundwa ter may have to incorporate the allowable residual cleanup
goals

for

groundwater, as listed in

concentrations

that

may

be

Table 2-1, since these are

discharged

to

Brush

Creek

the highest

without

causing

unacceptable exposures in the future use scenario.
2.2.1.2

Surface Water.

Evaluation of remedial alternatives for contaminated

surface water (i.e., water in the lagoon) is not specifically required for the Line
800 Pink Water Lagoon because of the absence of unacceptable health and
environmental risks associated with exposure pathways that address this medium.
However,

removal

of

this

surface

water

may

be

necessary

to

facilitate

implementation of remedial measures for soils/sediments at the lagoon and/or
groundwater within the underlying bedrock aquifer, if required.

•

Potential treat-

ment/discharge requirements subsequent to removal are evaluated in this section.
To remediate contamina ted soils/sediments at the site, it would probably be
necessary to remove water currently in the lagoon. Such an approach would likely
be implemented in association with groundwater remediation (required only if 10- 5
or lower is the target risk level), to alleviate the hydraulic head/pressure from this
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water, thereby reducing mounding as a potential driving force for contaminant
migration into wa ter-bearing zones.
If contaminated surface water were removed from the lagoon, this water

would have to be discharged. The most likely and feasible discharge location would
appear to be Brush Creek, though other discharge options and associa ted actions
will be identified and evaluated in the FS.

The water might require treatment to

reduce contaminant levels prior to discharge. Whether or not treatment is required
will depend on whether established criteria for discharge are met.
The lagoon water could be piped to one of the plant's LAP lines, where it
might be treated in existing carbon filtration units and then discharged through an
existing NPDES outfall.

In such a case, the effluent limits specified under the

NPDES permit for that outfall would likely apply.

For direct discharge to Brush

Creek, with or without pretreatment, applicable criteria would be the Aquatic
Safety-Related Water Limits (ASWLs) for explosives (Small, 1988) and USEPA
AWQCs (FACs) for

metals (Federal

Register,

1988).

FACs are considered

appropriate because of the short duration of potential discharge of the lagoon
water to Brush Creek.

Table 2-2 summarizes the FACs, A WSLs, and NPDES

effluent limits, potentially applicable to the contaminants of concern in the lagoon
surface water, that can be used as cleanup levels for surface water discharged
directly to Brush Creek.
As shown in Table 2-2, only the FAC and AWSL are available for 2,4-DNT and
2,6-DNT. The fact that the FAC is greater than the ASWL may be attributable to
the more recent toxicologic information (Small, 1988) upon which the ASWLs are
based, as compared to the information available at the time the FAC were derived
(Federal Register, 1980). Where such updated information is available, the ASWLs
are considered the more appropria te criteria.
As for 1,3,5-TNB and cadmium, the only applicable criteria are the A WSL and
the FAC, respectively. Thus, these become the cleanup goals.
For 2,4,6-TNT, RDX, copper and lead, the NPDES effluent limit is greater
than either the FAC or ASWL. This is attributable to the fact that NPDES effluent
limits take into account the capacity of the receiving stream to assimilate
contamination.
previously

The capacity of Brush Creek to assimilate contaminants was

documented

(see

Section

8.3

of

the

Endangerment

Assessment);

therefore, the NPDES effluent limits are considered the more appropriate criteria
in this case.
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TABLE 2-2
Tentative Cleanup Goals for Contaminants of Concern
in Surface Wa ter Discharged Directly into Brush Creek
(With or Without Pretreatment)
Line 300 Pink Water Lagoon

NPDES
Effluent Limi t a
Average
Maximum
Ibs/day
Ibs/day
mg/l
mg/l

FACb
(mg/l)

ASIVLc
(mg/J)

Most
Appropriate
Criteriodn

2, ~-DNT

0.330

0.2

ASIVL

2,6-DNT

0.330

0.1

ASIVL

0.003

ASIVL

Contaminant
of Concern

1,3,5-TNB
2,~

,6- TNT

RDX &: HMX

O. 2~

0.5

0.~3

1.0

0.5~0

NPDES

0.96

2.0

2.~0

5.0

0.200

NPDES

Cadmium

0.0039

FAC

Copper

0.1

0.2

0.013

NPDES

Lead

0.2

0.3

0.032

NPDES

aSpecified in IAAP NPDES Permit No. 29,00-9-00 (NPDES, 193~). Values for explosives
correspond to effluent limits specified in the permit for out falls 011, 012, and 032,
locatred along the upper reaches of Brush Creek. Values for metals correspond to
effluent limits specified for outfall 031, which dishcarges to Brush Creek near Line 3.
bFAC = Freshwater Acute Criteria; source:
Register, 1985, for metals.

Federal Register, 1930, for DNT; Federal

cAS IVL = Aqua tic Safety-Rela ted Wa ter Limit; source:

Small, 1983.

dRecommeded performance criteria for contaminants with only one criterion or multiple
applicable criteria. See text for rationale.
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It is important to note that the arithmetic mean concentrations (assuming
zero for non-detections) for explosives detected in the lagoon water are below the
appropriate criteria presented in Table 2-2 for all explosives, indicating that
pretreatment of the water for explosi'/es prior to discharge would not be required.
For metals, the obseeved mean concentrations for all metals and maximum
observed concentrations for all metals except cadmium are near or well-below the
appropriate criteria, indicating that pretreatment of the lagoon water for metals
prior to discharge also would not be required. Of the four water samples analyzed
for cadmium, this metal was detected in two of the samples.

The maximum

cadmium concentration detected was 5 ug/I, which slightly exceeds the appropriate
criterion (FAC) of 3.9 ug/I; however, as stated above, the average concentration is
below 3.9 ug/l, indicating that pretreatment prior to discharge would not be
required.
In any even t, any discharges to Brush Creek will undoubtedly need to be
performed in accordance with an NPDES permit issued for the action. This permit
will specify the actual discharge limits for contaminants in treated surface water.
These limits would also apply to treated groundwater to be discharged to the creek.
As discussed in Section 2.2.1.1, the NPDES effluent limits, especially for the
discharge of groundwater, may incorporate the allowable residual cleanup goals for
groundwa ter (as listed in Table 2 - I), since these are the highest concentrations
that may be discharged to Brush Creek without causing unacceptable human
exposures

In

the future use scenario.

Effluent limits for RDX and 2,6-DNT are

expected to be most hea'/ily impacted by this consideration, because of their
poten tial carcinogenicity and concern for possible direct or indirect contact
downstream in Brush Creek.
2.2.1.3 Soil/Sediment. Evaluation of remedial alternatives for soil/sediment is not
specifical1y required for the Line 800 Pink Water Lagoon because of the absence of
unacceptable health and environmental risks associated with exposure pathways
that

specifical1y

address

this

medium.

However,

evaluation

of

remedial

alterna tives to control leaching of the site soils may be warranted, based on the
findings of exposure via Pa thway No.8, which documented the possible need to
evaluate alternatives to facilitate control of groundwater in which RDX and
2,6-DNT have been detected.
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Remedial action criteria for RDX and 2,6-DNT in soil are equal to the
residual concentrations of these explosives in soil that do not cause (as a result of
soils leaching) the concentrations of RDX and 2,6-DNT in the bedrock groundwater
to exceed the associa ted re medial action cr iter ia (see Table 2 -I).

Table 2 - 3
summarizes the remedial action criteria for RDX and 2,6-DNT for the 10- 5 and
10- 6 risk levels, estimated for soil at the Line 800 Pink Water Lagoon by the
Criteria corresponding to the 10- 4 risk level are not

procedures discussed below.

necessary because bedrock groundwa ter contamina tion at the Line 800 Pink Wa ter
Lagoon does not cause risks that exceed the 10- 4 risk level by pathway No.8.
The

first

step

estimating

In

remedial

action

criteria

for

Line

800

soils/sediments is to estimate the acceptable residual explosives concentrations in
the till groundwater, based on the remedial action criteria estimated in Table 2-1
for the bedrock groundwater.
RDX

and 2,6-DNT

in

the

Available data indicate that the concentrations of
till

groundwater are

greater

than

groundwater, by factors of approximately 48 and 9, respectively.

the

bedrock

(The factor for

RDX is greater than the factor for 2,6-DNT, probably because RDX is less mobile
(lower aqueous solubility, higher Kd) than 2,6-DNT, causing a greater portion of
the total RDX to remain in the till, as compared to the total amount of 2,6-DNT,
which is more evenly distributed between the till and bedrock groundwater.)

The

factors of 48 and 9 are the ratios of the concentrations of RDX and 2,6-DNT in the
till

groundwater

(J 1,500

ug/l

and

66

ug/l,

respectively,

from

Table

6-15,

Section 6.0, of the Endangerment Assessment) over their concentrations in bedrock
groundwater (238 ug/I and 7.3 ug/l, respectively, from Table 6-15, Section 6.0, of
the Endangerment Assessment). Therefore, the allowable residual concentration of
RDX in the bedrock groundwater (45 ug/l at the 10- 5 risk level, from Table 2-1) is
multiplied by 43 to derive the corresponding concentration limit for RDX in the till
groundwater (2,160 ug/l) at the 10- 5 risk level. Similarly, the allowable residual
concentration of 2,6-DNT in the bedrock groundwater (2.5 ug/l at the 10- 5 risk
level, from Table 2-1) is multiplied by 9 to derive the corresponding concentration
limit for 2,6-DNT in the till groundwater (22.5 ug/J) at the 10- 5 risk level.
Allowable residual RDX and 2,6-DNT concentrations are calculated in the same
way for the 10- 6 risk level.
The above approach for estimating acceptable residual concentra tions in the
till groundwater assumes that the groundwater concentration ratios (concentration
in till groundwater divided by concentration in bedrock groundwater)--estimated

2-14

TABLE 2-3
Remedial Action Criteria for 2,6-DNT
and RDX in Soils/Sediments at the Line &00
Pink Water Lagoon

Target

Contaminant
of Concern

2,6-DNT
2,6-DNT

RDX
RDX

Risk
Level a

10- 5
10- 6

10- 5
10- 6

Acceptable
Concentration in
Bedrock Groundwa ter

(ug/ll

Acceptable
Concentra tion in
Till Groundwater
(ug/l)

2.5

22.5
2.2
2,160
216

0.25
45.0
4.5

Acceptable
Concentration
Soil (mg/kg)

Remedial
Action

Criteria (mli!:/k~)

1.5

1.5

0.2
19.0

0.2
19.0

1.9

1.9

aExcludes the 10-4- risk level because the Line 800 Pink Water Lagoon does not pose
risks exceeding the 10- 4 risk level by the groundwater exposure pathway (Pathway
No. g). It is assumed that leaching of the soils is the source of the groundwater
contamination.
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from site-specific groundwater monitoring data--are not strongly time dependent.
Strong time-dependence would be expected for a "young" site at which the
groundwater contaminant concentrations were not aproaching equilibrium. The old
age of the Line 800 Pink Water Lagoon (41 to 44 years as of the most recent
sampling period) implies that strong time-dependence may not be a factor.
The second step in estimating remedial action criteria for the Line 800
soils/sediments is to estimate the acceptable residual explosives concentrations in
soil, based on the allowable residual explosives concentrations discussed above for
the till groundwater, which is in contact with the contaminated soil.

One might

believe that the distribution coefficient (Kd)--which is the ratio of a contaminant
concentration in soil divided by the contaminant concentration in water--when the
soil and water are equilibrium is:

where:
Kd

=

distribution coefficient (ml/g)

Cs

=

chemical concentra tion in soil (mg/kg)

Cw

=

chemical concentra tion in wa ter (mg/I).

Table 4-1, Section 4.0 of the Endangerment Assessment, summarizes Kd values for
RDX and 2,6-DNT.

However, the summarized Kd values are not presently useful

for deriving acceptable residual explosives concentrations in soil from known
acceptable residual explosives concentrations in till groundwater because of the
requirement that the soil and water be at equilibrium.

In reality, explosives

concentrations in soil and till groundwater contacting the soils of the Line

sao

Pink

Water Lagoon are likely not at equilibrium because fresh, uncontaminated surface
water (derived from precipitation) is constantly being introduced to the system.
Evidence that Equation 2-4 is not useful for relating contaminant concentrations in
till groundwater to contaminant concentrations in soil is the simple observation
that the ratio of C s (estimated from site soj] monitoring data) divided by C w
(estimated from site groundwater (til I) monitoring data) is not equal to the Kd
values summarized in Table 4-1, Section 4.0, of the Endangerment Assessment.
Instead

of

using

Kd

from

this

Endangerment

Assessment

report,

an

empirically derived, site-specific distribution coefficient (K ss) is derived for the
Line 800 Pink Water Lagoon using Equation 2-4 and site-specific monitoring data
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for soil (to estimate C s ) and till groundwater (to estimate C w ). C s is estimated to
~e 101.5 mg/kg and 4.4 mg/kg for RDX and 2,6-DNT, respectively, ~ased on soil
monitoring data for sampled locations west of the western lagoon water line
(Figure 2-18) from sampled depths from the surface to a depth of 6.5 feet. This is
the area of greatest soil contamination, likely to dominantly be contributing to
contamination of the till groundwater.

C w is estimated to be 11,500 ug/I and 66

ug/I for RDX and 2,6-DNT, respectively (from Table 6-15, Section 6.0 of the
Endangerment Assessment).

With these values for C s and C w , and using the

equivalent of Equation 2-4, Kss is estimated to be 3.3 and 66.7, respectively, for
RDX and 2,6-DNT. Table 2-4 documents the specific monitoring data used for
RDX and 2,6-DNT, respectively, to derive C s and CWo
The

above

concentrations

method
as

a

for

defining

function

of

acceptable

shal10w

residual

groundwater

soil

contaminant

(tilI)

contaminant

concentrations is an order-of-magnitude approximation based on the available da tao
It is noteworthy that Kss for RDX estimated by this procedure is less than
Kss for 2,6-DNT. Whereas, Kd for RDX is grea ter than Kd for 2,6-DNT (see Table
4-1, Section 4.0, of the Endangerment Assessment). This is because Kss is a
function of site-specific characteristics/processes other than only the tendency of
RDX or 2,6-DNT to adsorb to soil. A possible reason why K ss for RDX is less than
Kss for 2,6-DNT is that RDX-contaminated soils may be more widespread at the
Line 300 Pink Water Lagoon, as compared to those containing 2,6-DNT. Therefore,
the RDX-eontamina ted soils may more effectively facilitate contamination of till
groundwater as compared to 2,6-DNT-contaminated soils (Le., the ratio of Cs/C w
for RDX is smaller than the corresponding ratio for 2,6-DNT). Furthermore, the
values of Kss for both RDX and 2,6-DNT are substantial1y greater than the
corresponding values of Kd because the values of Kss may be influenced by sitespecific contamination mechanisms. Examples include: (J) dilution of soil pore
water contaminates with RDX and 2,6-DNT--by infiltrating fresh surface water-before equilibrium between soil and pore water contaminant concentrations are
reached; and (2) dilution of contamina ted tilJ groundwa ter by mixing and dispersion
between the contaminant source (western end of the Line 800 Pink Water Lagoon)
and the surrounding tilJ groundwa ter monitoring wells.
The Kss values derived for the RDX and 2,6-DNT (8.8 ml/g and 66.7 ml/g,
respectively) are now multiplied by the acceptable concentrations in til1
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TABLE 2-4
Data Used to Derive C s , C w , and Kss for RDX
and 2,6-DNT at the Line 300 Pink Water Lagoon

Me~hod of EstimatiO:"l

Parameter

c,

Arithmetic mean (zero a'ssumed tor non-detects) of
reported RDX concentrations in soil samples from
principal RDX and 2,6-0NT sOurce area (west of
shaded lagoon area (Figure 2-18, Sec~ion 2.0 of
Endangerment Assessment) ':letween de;:lths of zero
6. .5 feet) at the Line 800 Pink Water Lagoon.
includes the following samples:

Depth

Sample

~

J.O.

0.5-l.5
0.5-l.5
0.5-1.5
0.5-l.5
1.0
1.0
1.0
2.0
2.0
2.0
3.0
3.0
3.0
4.0
4.0
4.0
5.0
5.0
5.0
5.0
5-6
5-6
5-6
5-6
5-6

SL-67
SL-66
SL-65
SL-64
SE43A
SEIo4A
SE45A
SE43B

Concentration
(mg/ke)
ROX
2.6-0NT

SE44B
SE45B
SE43C
SE44C

SE45C
SE430
SE44D
SE450
SE43E
SE44E
SE45E

Appendix
Table a

1.30
19.0
17.0
390
500

o
o
o
o

0-2

40

7

9

800
I

o

E-8
E-8
E-8
E-g

8

10

£-8

300
I
60
50

6

E-8
E-8
E-8
E-8
E-8
E-!
E-!
E-!
E-!
E-8

4

40
100
20
30
50

SL-6!
SL-67
SL-66
SL-65
SL-64

13
3.8
17.0

.!:

101.5

3.3

o

I

I
6
6
10
4

3
4
4

I

o
o
o
o
o

o

the
the
the
the
and
It

D-2
0-2

D-2

D-2
D-2
D-2
D-2
0-2

:r.=4.a

C w for RDX

Equal to average RDX concentration in till groundwater
01 •..500 ug/l) from Table 6-15, Section 6.0 of the
Endangerment Ass.essment.

C w for 2,G-ONT

Equal to average 2,6-DNT concentration in till
groundwater (66 uglJ) from Table 6-15, Section 6.0, o[
the Endangerment Assessment.

K ss [or RDX

Equal to C s for
(11.5 ppm): 8.8.

Kss for 2,6-DNT

RDX

001.5

ppm) • C w for RDX

Equal to C s for 2,6-DNT (~.4 ppm) • C w [or 2,6-DNT

(0.066 ppm) : 66.7

aSource of the reported concentra tions in Endangerment Assessment report (Dames
eX Moore, 1989)
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groundwater estimated for RDX and 2,6-DNT for the various risk levels (Table 2-3)
to derive acceptable residual concentrations in soil (remedial action criteria) for
both RDX and 2,6-DNT at the various risk levels (see Table 2-3). For RDX, the
soil remedial action criteria corresponding to the 10- 5 and 10- 6 risk levels are 19.0
and 1.9 mg/kg, respecti·/ely.
Criteria for 2,6-DNT are 1.5 and 0.2 mg/kg,
re spective ly, a t the 10- 5 and 10- 6 risk leve Is.
The remedial action criterion for RDX at the 10- 5 risk level is 09.0 mg/kg) is
exceeded by soil samples from the western end of the Line 800 Pink Water Lagoon.
The soil/sediment sample locations where this criterion was exceeded are SL-64
and SL-66 (see Figure 2-11, Section 2.0, and Table D-2, Appendix D of the
Endangerment Assessment) and SE-43 and SL-45 (see Figure 2-6, Section 2.0, and
Table E-8, Appendix E of

the

Endangerment Assessment).

The area

that

encompasses these sample stations is approximately 3.7 acres. This area includes a
buffer area beyond these sample stations equal to half the distance to either the
closest sample station that did not exceed the criterion or the northern or southern
boundaries of the Line 800 Pink Wa ter Lagoon beyond which soil contamination is
not expected.

The sampled depths at the above soil/sediment sample locations

where the RDX criterion of 19.0 mg/kg was exceeded at one or more of the above
soil/sediment sample stations were the 0-to-I.5, 2, 3, 4, and 5-to-6.5-foot depths.
The criterion is not exceeded at the next deepest sample depth, which is the 1O-to11.5-foot interval.
The remedial action criterion for 2,6-DNT at the 10- 5 risk level (1.5 mg/kg)
is exceeded predominantly at the western end of the lagoon over an area 0.8 acres)
equal

to

approximately half of the

area defined

for

RDX, as we11 as at

miscellaneous locations to the east that include one sampled location at the
eastern end of the lagoon and one sampled location along the sma11 tributary
immediately north of the settling basins.

Specifically, the soil/sediment sample

locations where this criterion is exceeded are SE-41 through SE-44 and SL-45 (see
Section 2.0 and Figure 2-6, and Table E-8, Appendix E of the Endangerment
Assessment and SL-71 (see Section 2.0 and Figure 2-1

n,

Table D-2, Appendix D of

the Endangerment .'Issessment).
The greatest depth to which the 2,6-DNT
criterion at the 10- 5 risk level is exceeded is the 10-to-lI.5-foot depth interval at
the lagoon and 5 to 6.5 feet at the tributary.

The underlying sampled intervals,

beginning at the 15-to-16.5-foot depth intervals at the lagoon, do not exceed the
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10- 5 2,6-DNT criterion.

The depth interval of 5 to 6.5 feet was the deepest

sampled interval along the tributary.
The remedial action criterion for RDX at the 10-6 risk level is exceeded
throughout the area of the Line 800 Pink Water Lagoon (excluding the settling
basins and adjacent tributary) to a confirmed depth of 10 to 11.5 feet, and possibly
as deep as 15 feet. The remedial action criterion for 2,6-DNT at the 10- 6 risk
!e'/el is exceeded throughout an area and depth equivalent to the area and depth
estimated for RDX at the 10-6 risk level, but including the tributary to a depth of
6.5 feet.
Table 2-5 summarizes the scope of the remedial actions corresponding to the
10- 5 and 10- 6 risk le'lels, as discussed above.
2.2.2 Former Line I Impoundment
2.2.2.1

Groundwater.

Impoundment

is

not

Remediation of groundwater at the Former Line I
recommended,

because concentrations of explosives

in

groundwater at this site do not pose current or future risks to human health.'
:\lthough the risk level of 10- 6 is exceeded for RDX in potential future shallow
offsite receptor wells along Brush Creek, via Pathway No.7, this is most likely due
to

contaminated soils/sediments rather

than groundwater.

Remedial action

criteria for soils/sediments at the Former Line I Impoundment are discussed in
Section 2.2.2.3.
2.2.2.2

Surface Water.

Remediation of surface water is not recommended,

because there are no unacceptable human health risks for the operative exposure
pathways.
Creek.

In addition, aquatic water quality criteria are not exceeded in Brush

Although high levels of RDX in surface wa ter contribute to potential

future exposures associated with offsite wells along Brush Creek, this situation is
a ttr ibu ted pri mar ily to con tr ibutions fro mean ta mina ted soils/sediments.
2.2.2.3

Soil/Sediment.

As discussed above, contaminated soils/sediments at the

Former Line I Impoundment are considered the major contributor to the estimated
potential future exceedance of target risk levels for RDX in potential future
offsite receptor wells along Brush Creek, via Pathway No.7.

Remedial action

criteria are developed below for RDX that correspond to the target risk levels of
10-6, 10-5, and 10- 4 .
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TABLE 2-5
Summary of Soil Areas at the Line 800 Pink Water Lagoon
Potentially Requiring Remedial Alternatives Enluation

Contaminant
of Concern

Risk
Level

.Areas Potentially Requiring
Evaluation of Remedial Action Alternatives

RDX

10- 4

Alternatives e'laluation not required a

RDX

10- 5

Area 'of approximately 3 acres at western end of
lagoon, to a depth of approximately 10 feet,
excluding the settling basins and adjacen t tr ibutary.

RDX

10- 6

Area of the entire lagoon to a depth of about 15
feet, excluding the settling basins and adjacent
tributary.

2,6-DNT

10- 4

Alternatives evaluation not required a

2,6-DNT

10- 5

Area of approximately 1.8 acres at western end of
lagoon to a depth of about 15 feet, excluding the
settling basins. Area along the tributary north of
the settling basins to a depth of approximately 6.5
feet.

2,6-DNT

10- 6

Area equivalent to area described for RDX at the
10- 6 risk level, but also including the tributary to
a depth of about 6.5 feet.

aAlternatives evaluating is not required for either RDX or 2,6-DNT at the 10- 4 risk
level because the only exposure pathway (groundwa ter consumption by Path way
No.8) facilitating elevated exposures (exposures in excess of 10- 6 risk level) to
soil-derived contaminants does not pose risk exceeding the 10- 4 risk level.
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The first step in deriving the remedial action criteria is to calculate the
acceptable concentration of RDX in groundwater at the potential future receptor
well using Equation 2-2.

The acceptable concentrations (C) corresponding to the
target risk levels of 10- 4 , 10- 5 , and 10- 6 are presented in Table 2-6. Pathway

No.7 assumes that Brush Creek provides the recharge to potential future shallow
wells

located

adjacent

to

Brush

Creek.

Therefore,

the

acceptable

RDX

concentrations in groundwater (C) at the receptor well are assumed equivalent to
the acceptable RDX concentrations in Brush Creek adjacent to the potential future
receptor well (CBC-RW) (where "BC" refers to Brush Creek and "RW" refers to
recep tor weI I).
Because of dilution occurring along Brush Creek between the Former Line 1
Impoundment and the southern boundary of IAAP, the permissible RDX concentrations in Brush Creek are greater at the Former Line 1 Impoundment than in Brush
Creek at the southern boundary of IAAP.

Therefore, the acceptable RDX

concentration (C) in Brush Creek at the southern boundary of IAAP must be
adjusted upward to account for dilution.
The value of CBC-RW is adjusted upward by using Equation 2-3:

CT

ot

(Eq 2-3)

=

n

The variable CBC-R W from Table 2-6 is equivalent to CTot in the above equation.
The variable "n" in the above equation is equal to 22, for the reasons explained in
Section 6.3.2.1.1

of

the

Endangerment

Assessment.

With

values

for

these

variables, Equation 2-3 is rearranged to solve for Cl, which is equivalent to the
variable CBC-LJ (acceptable RDX concentration in Brush Creek at the Former
Line I Impoundment (Lj)). Values for CBC-LJ are summarized in Table 2-6.
Equation 2-3 was originally derived to estimate dilution occurring along Brush
Creek due to mixing of uncontaminated groundwater discharged into Brush Creek
a t downstream locations with con tamina ted groundwater discharged into Brush
Creek at upgradient locations.

The validity of the equation depended on the

assumption that groundwater fluxes into Brush Creek were the same per unit length
of Brush Creek. Similarly, the applicability of Equation 2-3 to the present surface
water dilution scenario depends on the validity of the assumption that surface
wa ter fluxes into Brush Creek are the same per unit length of Brush Creek.
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The

TABLE 2-6
Tentative Remedial Action Criteria for
Cont;\Ininants of Concern in Soils/Sedilnents at the
Parmer Line I Impoundment

Target

Exposure

Risk
Level

(E xp)a
(mg/lqVday)

Acceptable
Cancen tra tion in
Groundwater at the
Receptor Well (c)
(ug/l)

RDX

10- 4

9.1 x 10- 1/

J2

32

700

800

RDX

10- 5

9.1 x 10- 5

3.2

3.2

70

80

RDX

10- 6

9.1 x 10- 6

0.32

0.J2

7

8

Acceptable

Contaminant
of Concern

,

N

N
.....

a prom Table 5-1.

Acceptable
Concentration in

Acceptable Concen-

Brush Creek at the
Receptor Well
(CJ\C_1l w) (ug/l)

Creek at the Fonner
Line I Impoundment
(CI\C_J I) (ug/1)

Acceptable RDX
Conccntra tion in
Soil at the Former
Line 1 Impoundment
(C s) (mg/kg)

Ira tion in Brush

Brush Creek drainage basin is roughly rectangular (evidenced by the fact that Brush
Creek roughly parallels Long Creek and Spring Creek), with Brush Creek parallel to
the long axis of the drainage basin.

Therefore, drainage basin area (and, thus,

surface water runoff) is roughly the same per unit length of Brush Creek.

This

further assumes long-term homogeneous precipitation patterns throughout the
Brush Creek drainage basin, which is reasonable considering the small size of this
basin.
The remedial action criterion concentration for RDX in water in Brush Creek
at the Former Line I Impoundment (CBC-Ll) is related to RDX concentrations

In

soil at the former impoundment (CS) by assuming that the occurrence of RDX

In

Brush Creek is principally the result of erosion of soil/sediments from the Former
Line I Impoundment. This is a reasonable assumption considering the abundance of
RDX-eontamina ted

soil/sediments at

the

Former

Line

Impoundment

and

considering their location coincident with the flood plain and streambed of Brush
Creek, which facilitates erosion. Equation 2-5 illustrates the relationship between
soil contaminant concentration (CS), the acceptable RDX concentration in Brush
Creek at the Former Line I Impoundment (CBC-L I), and the concentration of
suspended solids (CSS)'
(Eq 2-5)

Cs = (CBC-L 1 + 1,000)
CSS
where:
Cs

=

Acceptable contaminant concentra tion in soil (mg/kg)

CBC-L I

=

Acceptable

RDX

concentration

in

Brush

Creek at the

Former Line 1 Impoundment (ug/!)
Css

=

Suspended solids concentra tion (kg/!)

1,000

=

Conversion factor for changing ug/l to mgt!.

A representative suspended solids concentration for Brush Creek is estima ted
by considering annual precipitation runoff rates and soil erosion rates for Des
Moines County, Iowa.

The West Burlington Soil Conservation District reports

(personal communica tion with Cosby (1989), District Conservationist) that the soil
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erosion rates for tilled land in Des Moines County is 13 tons/acre/year and for nontilled land is 4 to 5 tons/acre/year. These erosion rates are inclusive of soil eroded
by overland flow and by streambed erosion.

Presumably, for non-tilled land, the

ra te of 4 tons/acre/year is more representative of forested land, and 5 tons/acre/
year is more representative of non-forested land. The flood plain at the Former
Line I Impoundment is overgrown by a mixture of trees and grasses; therefore, a
soil erosion rate of 4.5 tons/acre/year is considered representa ti'le of this area.
Considering an area of confirmed soil contamination at

the

Former Line 1

Impoundment of approximately 9 acres (which includes an area 400 feet wide by
1,000 feet long--the area where most positive detections of explosives were found),
the soil erosion rate for the Former Line I Impoundment is estimated at 40.5
tons/year from this area, which is equivalent to 3.7 x 10 4 kg/yf. Tne surface water
runoff rate for Des Moines County is approximately 7.5 in/yr (Geraghty ex Miller,
1973). Relating 7.5 in/yr over a land area of 9 acres represents 6.9 x 10 6 liters/yr.
Dividing 3.7 x 10 4 kg/yr by 6.9 x 10 6 liters/yr gives an average annual solids
concentration in the runoff of 5.4 x 10- 3 kg/I, or 5,400 mg/1.
For land areas where the source of erodible material is characterized by
large particle sizes tha t do not readily remain in suspension, a significant portion
of the eroded material would likely be transported as bed load rather than in
suspension.

In this situation, the solids concentration in runoff estima ted by the

above procedure would not be equivalent to the suspended solids concentration.
However, all of the soils at the Former Line I Impoundment Me developed from
flood plain deposits that characteristically include a large portion of sediments
deposited after suspension in flood wa ters.

Therefore, the solids concentration in

runoff estimated above for the Former Line I Impoundment (5,400 mg/I) is
considered approximately equivalent to the suspended solids concentration.
During the very early stages of an average precipita tion event, the suspended
solids concentration in Brush Creek at the Former Line

Impoundment

is

estimated to be on the order of 5,400 mg/I by the procedure described above. This
is because during early stages most of the water, which is comprised of surface
wa ter runoff, in Brush Creek adjacent to the Former Line I Impoundment wW have
been derived from the im media te ly surrounding land area, which is the flood plain
of the Former Line I Impoundment. During later stages of the precipitation event,
the discharge rate of Brush Creek will increase due to contribution of surface
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water runoff from upstream drainage areas, providing for dilution of the suspended
sediments contaminated with RDX.

Assuming that the annual runoff rate (7.5

in/yr) is uniform over the entire drainage basin, this dilution factor is the ra tio of
the area of contaminated soil at the Former Line I Impoundment (9 acres) divided
by the area of the Brush Creek drainage basin upstream from the Former Line I
Impoundment (1.9 square miles or 1,216 acres).

Thus, CSS for Equation 2-5 is

derived from 5,1;00 mg/l x (9 acres. 1,216 acres) = 4') mgt!. The value of 4·,) mg/l is
the estima ted average annual amount of suspended solids in Brush Creek tha tare
contaminated with RDX. This value is less than the total average annual suspended
solids concentra tion. Substituting 1;0 mg/l • 1 x 10 6 (to convert to kg/l) for CSS in
Equation 2-5 and substituting different values for CBC-Ll corresponding to the
three

target

risk

levels

in

(summarized

corresponding to the three target risk levels.

Table

2-6)

gives

values

for

Cs

The calculated values for Cs are

summarized in Table 2-3.
Comparison of the remedial action criteria for soil to the observed concentrations of RDX in soil at the Former Line I Impoundment indicates that the
criterion corresponding to the 10- 4 target risk level (800 mg/kg) is not exceeded in
any of the soil samples obtained from the site. Soil samples that had RDX
concentrations in excess of the 10- 5 target risk level (80 mg/kg) are exceeded by
soils/sediment samples from the dam to a distance of 1,000 feet upstream along
the Brush Creek streambed to a depth of 2 feet and in the flood plain 200 feet on
either side of the creek to a depth of 1 foot. RDX concentrations in excess of the
10- 6 target risk level (8 mg/kg) in soils/sediment are also exceeded over the same
1;00- by 1,OOO-foot area but to depths of

I;

feet in the streambed and 2 feet in the

floodplain.
The results from the Endangerment Assessment that indicated estimated
risks in excess of the 10- 4 cancer risk level for Pathway No.7 implied that there
would be soil samples at the Former Line I Impoundment with RDX concentrations
in excess of the concentration 800 mg/kg, which corresponds to the 10- 4 risk level.
The fact that no soil samples exhibited RDX concentra tions in excess of 800 mg/kg
suggests that the surface water sample that showed an RDX concentration of
1;1; ug/l, and that was used to evaluate the plausible maximum exposure scenario for
Pathway No.7, may have been collected at a time when the suspended solids
concentration was above average. Also, RDX in Brush Creek may be derived from
other sources in addition to the Former Line I Impoundment.
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2.2.3 Summarv
In the preceding sections, remedial action criteria have been developed for
the Line 800 Pink Water Lagoon and Former Line I Impoundment.
are

presented

identification

in
and

terms of quantitative parameters required
evaluation

objectives--developed

in

of

remedial

previous

sections

alternatives.
based

on

These criteria
for subsequent

The
observed

quantitative
extents

of

contamination, risk-related analyses, and/or applicable ARARs--are the foJlowing:
o

Tentative cleanup goals--in terms of target concentra tions for specific
contaminants in media requiring remediation.

o

The extent of areas requiring remediation--including areal extent and
depth.

These quantitative cleanup goals--which have been developed for the 10- 4 ,
10- 5 , and 10- 6 target risk levels--are tabulated or discussed in the foJlowing
portions of Section 2.2.
Tentative Remedial
Action Criteria

Extent of Areas
Reauir ing Re media tion

Groundwa ter (Shallow
Limestone Bedrock Aquifer)

Table 2-1

Section 2.2.1.1

Surface Wa ter

Table 2-2

Section 2.2.1.2

Soil/Sediment

Table 2-3

Section 2.2.1.3

Table 2-6

Section 2.2.2.3

Site/Media
Requiring Remediation
Line

sao

Pink Wa ter Lagoon

Former Line I Impoundment
Soil/Sediment

Based on quantitative cleanup goals for the 10- 5 and 10- 6 risk levels at which
site remediation would be needed, as weJl as on the results of risk-related analyses
or practical considerations

for

site

remediation,

qualitative

objectives

for

remediation can also be developed. These qualitative parameters are general goals
or peefor mance objectives for control or isolation

0

f con ta mina tion.

The general remedial action performance Objectives for environmental media
that would require remediation at the two study sites at the 10- 5 and 10- 6 target
risk levels are summarized in Table 2-7. At the 10- 4 risk level, no remediation
would be required a t either site.

2-27

I

I
TI\BLE 2-7
Summary of General Remedial I\ction Performance Objectives
for [I\I\P at the 10- 5 and 10- 6 Target Risk Levels

Site/Media Requiring
Remediation

Types of
Contaminants
Itcquiring
Remediation

General Remedial Action
Performance Objectives

Line 800 Pink Water Lagoon

Groundwater (Shallow
limestone Ucdrock
Aquifer)

Explosives

H.educc contaminant

concentrations

in

and

prevent contaminant rnigration to Brush Creek via
the shallow limestone bedrOCk, to prevent or
minimize potential receptor exposures frolll
drinking groundwater from future aUpas! wells
alonl) Brush Creek.

Rcme<.liation focusing on the

limestone bedrock and on surface waler and
soils/scdimcnts (sce b~low) will ~Iso ef fect
rc,nclJia tion of groundwa tcr in the till.
Surface Water

Explosives

Remcdiation of water in the lagoon is not
specifically required, althou~h rcmoval of this
wat~r
will be neccssory--lrolO a practical
standpoint--to effect remediation of ~roundwater.
Furthermore, surface water removal will result in
reduction of leaching of contaminants from
lagoon sludges and sediments and in the removal
of the hydraulic pressure which serves as the
driving force for observed mounding and COntaminant migration downward and away from thc
lagoon.
Treatment of the water prior to
discharge to Brush Creek may not he nccessary,
but it may be prudent to implelllent trcatment to
ensure protection of aquatic environments along
!lrush Creek.

Soil/Sediment

Explosives

nemediation of soil/sediment is not specifically
required, although--from a practical standpoint-isolation or removal of shallow and deeper
cont<lIllinated soils/sediments will
serve
to
elilllina te the primary source contaminants being
leached into ~roulldwater.

Explosives

Isolate or remove contaminated soils/sedirnc/lts,
thereby reducing surface erosion alld leachil\~ of
COlltdtninatcJ selJilllcnts, to prevellt OflpOSl
migration via Grush Creek, which call rcchar~e
future potential shallow ollpost wells alollg the
creek in the:: future USe scenario.

IV
I

IV

00

Former Line I Impoundment
Soi l/Scdirnen t

2.3 CO,\;\PLIA:-JCE WITH ARARs
2.3.[ Introduction
Section [2[(d) of CERCLA, as amended by SARA, requires that Superfundfinanced enforcement and Federal facility remedial actions comply with requirements or standards developed pursuant to Federal and state environmental laws. In
general, remedial actions must comply with applicable or relevant and appropriate
requirements, or ARARs for the contaminants or conditions that exist at a site,
except in cases in which an ARAR can be waived (described below).
According to the USEPA's interim guidance on ARARs (52 FR 32496, August
27, 1988), a requirement may be either "applicable" or "relevant and appropriate"
to

a:

remedial action, but not both. These terms are defined below:
•

Aoplicable requirements specifically address a hazardous substance,
remedial action, location, or other circumstance at a CERCLA site.
Applicability means that the remedial action or circumstances at the
site satisfy all of the jurisdictional prerequisites of a requirement.

•

Relevant and appropria te requirements--while not meeting the conditions

for

applicability--address

problems or situations

sufficiently

similar to those at a CERCLA site that their use is well-suited to a
particular set of circumstances. The degree to which a requirement is
relevant and appropriate can be assessed by comparing the hazardous
substances involved, the physical circumstances, or the remedial action
characteristics with those addressed in the requirement. The objective
and origin of the requirement also pertain.
This section discusses the types of ARARs, possible waivers from ARARs, and the
specific applicability of ARARs to potential remedial action alternatives for the
two study sites at IAAP.
2.3.2 Types of ARARs
ARARs are requirements, criteria, or limitations promulgated under Federal
or state law that address a pollutant, action, location, or other circumstance at a
site. USEPA guidance offers the following illustrative categories of ARARs:
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•

Ambient or chemical-specific reauirements--These set health- or riskbased concentration limits or ranges for specific substances in various
environmental media (e.g., Maximum Contaminant Levels (,lACLs) for
public drinking water, National Ambient Air Quality Standards (NAAQS)
for air quality).

If a given chemical has more than one such require-

ment, the more stringent ARAR should be complied with.

Because

rela tively few chemicals are covered by such preestablished require-

ments, EP.'\'s ARAR' guidance stipulates that it may frequently be
necessary

to

turn

to

chemical-specific

advisory

levels,

such

as

carcinogenic potency factors or reference doses, to establish cleanup
standards.
•

Performance, design, or other action-soecific reguire'Tlents--These set
controls or restrictions on particular kinds of activities rela ted to the
management of hazardous substances (e.g., Clean Water Act (CW A)
pretreatment standards for discharges to publicly-owned treatment
works (POTW),

Resource Conservation and Recovery Act (RCRA)

standards of design and operation of hazardous waste management
facilities).

These requirements are not chemical-specific, but rather

are specific to given remedial actions.

However, they may specify

levels for residual or discharged chemical concentrations (or methods
for establishing those levels).
•

Locational reguirements--These set restrictions on activities depending
on characteristics of the site or its immediate environs (e.g., Federal
and state siting laws, IOO-year floodplain ordnances).

In general, onsite remedial actions are required to comply only with the
substantive aspects of ARARs--not the administra tive aspects, such as obtaining
permits or recordkeeping. The R!/FS, ROD, and design documents for a site should
demonstra te full compliance with aU substantive requirements that are ARARs.
2.3.3 Waivers from ARARs
An ARAR may be waived under certain conditions provided that human
health and the environment is protected.

CERCLA Section 121 provides that a

remedial action that does not attain a level of control at least equivalent to an
ARAR can still be selected if:
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•

It is only part of a total remedial action that wil1 attain such level or
standard of control when completed.

•

Complia!1ce with the ARAR at the given site wil1 result in greater risk

to human health and the environme!1t than alternative options that do
comply with the ARAR.
•

Complia,1ce with such requirements

IS

technically impracticable from

an engineering perspective.
•

It wil1 attain a standard of performance equivalent to that required by
the ARAR through use of another method or approach.

•

The ARAR in question is a state standard and the state has not
consistently applied (or demonstrated the intention to consistently
apply) the ARAR in similar circumstances at other sites.

•

In meeting the ARAR, the selected remedial action wil1 not provide a
balance between the need for protection of public health and welfare
and the environment at the site and the availability of Superfund
monies to respond to other sites, "taking into consideration the relative
im mediacy of such threa ts" (Public Law 99-499, Section 121 (d».

2.3.4 Application of ARARs to Remedial Alternatives at IAAP
Remedial alternatives are evaluated on the basis of air quality, water quality,

waste management, and other standards that could serve as ARARs.

Table 2-8

provides a summary of potentially applicable ARARs for the two sites of concern
in this study and an analysis of the potential applicability of these ARARs to site
remediation at IAAP.

Requirements that are applicable are retained for further

analysis in association with the screening of remedial alternatives and the detailed
analysis of remedial alternatives.

Requirements that do not apply, based on

existing site conditions and remedial actions under consideration (see Section
2.5.~),

are eliminated from further evaluation.

The potential application of

remaining ARARs to each remedial alternative subject 'to detailed screening is
described in Sections 3.0 and

~.o.

Because of their potential significance in the evaluation of appropria te
remedial alternatives for IAAP, RCRA land disposal restrictions (~O CFR Part 268)
warrant special considera tion and discussion.
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On August 17, 1988, the USE PA

Replace Second Bullet

•

PNKWTR.COM

Compliance with the ARAR at the given site will result in greater risk to human
health and the environment that alternative options that do not comply with the
ARAR.
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TIII1LE 2-8
Review of Potential AltARs for IAAP

Environmental Laws and Regulations
I.

Considera tion as an AltAlt

Itetained
for AltAlt
Analysis?

ItCRA
Solid waste disposal units may be employed for incinerator
ash or other wastes.

YES

I. Closure and pos tclosure
(110 CFR Part 26'1, Subpart G)

Some waste ma terials in former lagoons may be contained in

YES

2. Groundwater Monitoring and
Protection (40 CFlt Part 26'1,
Subpart F)

Hazardous wastes may be capped in place, as described
above.

YES

Hazardous was tes (e.g., spen t carbon from carbon trca lInen t

YES

A. Subtitle D land disposal criteria
(40 CFR Part 257)
fl. Subtitle C requirements

,

tV

W
tV

place, requiring a cover.

J. Standards applicable to tanks
and containers (40 CFlt Par t
26 11, Subparts I and J)

of groundwater) may be temporarily stored onsite in
containers and tanks.

4. Standards applicable to
surface impoundments, waste
piles, land treatment facilities (other than closure and
postclosure requirements)
(110 CFR Part 26'1, Subparts
K, L, and M)

No hazardous waste surface impoundments or land lrC<.11ment
units will be constructed onsite. Although waste piles
may be temporarily used for sludge/sediment dewatering,
the ma terials in these piles may no t be considered
hazardous if they include mixtures of soils, sediments,
and/or sludges that are not reactive (see discussion in
in Sec tion 2.3,1,).

5. Location standards
(110 CFR Part 264, Subpart fl)

The two former lagoon areas are not located within the 100year floodplain or in a seismic area, as defined by the
regulations. Although the Former Line 1 Impoundment is in
Brush Creek, the unit is not within the 100-year fjood plain
as designated by the Flood Insurance Rate Map (February 17,
1982) prepared by the Federal Emergency Manage",ellt Agellcy
(FEMI\). Nevertheless, although the I\RAR is technicilily not
applicilble in this case, remedial actions evaluated will
definitely cOllsider the impacts of the locati"n of the
fonner impoundment in Grush Creek.

aStandards applicable to waste piles will be considered if the materials in these piles are considered hazilrdous waste.

NOa

NO

TABLE 2-8 (cont'd)

Consideration as an AltAR

Environmental Laws and ReRulations

6. Transportation and disposal standards

Any shipment of hazardous waste offsite must cornply with
RCRA transporter standards and Superfund offsile policy.

YES

7. Incinerator standards
(t,O CFR Part 264, Subpart 0)

Onsi te incinera tion is being considered under several

YES

8. Landfill standards
(I,D CFR Part 264, Subpart N)

No onsite hazardous waste landfill is being considered for
the site.

NO

9. Land disposal restrictions
(I,D CFR Par t 268)

Contaminated soil/sediment and incinerator ash generated at
site are not subject to land disposal restrictions under
RCRA ([or reasons discussed in Section 2.3. 11). Other
wastes, such as spen t carbon from carbon trea tmen t of surface
wa ter and groundwa ter and Line 800 Pink IVa ter Lagoon sludge
may be subject to land disposal restrictions.

YES

A. NPDES requirements
(40 CFR Parts 122-124)

Remedial actions may result in direct discharge to surf\lce
waters from a discrete source.

YES

B. Effluent Guidelines
(t,O CFR Part 457)

Effluents generated from site remedial activities Inay be
subject to the effluent guidelines for explosives manufacturing (Subpart C: Load, Assemble, and Pack
Subcategory).

YES

C. Ambient Water Quality Criteria
(AWQC) (Federalltegister, 1980;
1985)

Alternatives under consideration may result in discharges
to surface waters. Therefore, AWQCs lIIay be relevant and
appropriate to these remedial actions.

YES

No underground injection of wastes is envisioned for this

NO

(t,O CFR Part 264, Subpart 13)

,
'"
'"
N

II.

III.

Re tained
for AIZAIZ
Analysis?

remedial alternatives for the site.

Clean Water Act

Safe Drinking Water Act
A. Undeq;round injection control
(t,O CFlt Parts 11/ 1/-1 1/7)

si teo

TABLE 2-8 (cont'd)

Environmental laws and ReRulations
B. Maximum Contaminant levels (MCls)
(tID CFI~ Parts Jill and 143)

Considera tion as an ARAR

Il.e taincd
for AI~AR
Analysis?

Groundwater affected by the two areas of concern may be a

NO

potential source of drinking water. Mel excecdances for

certain metals have been observed in wells downgradient
from the areas of concern. However, concentrations of

these metals in numerous background water samples at IAAP
also exceed the MCls (see Sections 3.1.1.2 and 3.2.1.2
of the Endangerment Assessment document (Dames &. Moore, 1988)).
Therefore, it is concluded that MCl exceedances in wells
downgrodient of the areas of concern are indicative of

naturally-occurring metals concentrations at the site. For
this reason, MCls have been eHmina ted from the AIl.AIl. analysis.

,

IV.

tv

Marine Protection, Research, and
Sanctuaries Act

V>

.".

No wastes from the site are expected to be incinerated at sea.

NO

No PCl3s are known to be present a t the areas under
consideration. Therefore, PCI3 incineration, disposal,
and cleanup requirements do not apply to remedial alternatives
under consideration.

NO

A. Dredge and fill
(33 CFR Part 323)

Although certain remedial alternatives include modification
to the channel of Brush Creek, the regula tions do not apply
because Brush Creek is not a navigable waterway.

NO

B. Construction in wa terways
(33 CFR Part 322)

No construction in navigable waterways will be required for

NO

A. Incineration at sea requirements
(tID CFR Parts 220-228)

V.

T oxic Substances Control Act
A. Polychlorinated biphenyls (PCB)
requirements (40 CFR Part761)

VI.

U.S. Army Corps of Engineers Programs

the remedial actions under consideration.

TABLE 2-8 (conl'd)

Environmental Laws and Regulations
VII.

VIII.

Clean Air Act
A. National Ambient Air Quality
Standards (NAAQS) (t10 CFIZ Part 50)

Certain remedial alterna tives involving earth Inoving operations and incineration may result in emissions to uir.

YES

B. National Emission Standards for
Hazardous Air Pollutants (NESHAPS)

Certain alternatives involving earth moving operations and

YES

incinera lion may involve emissions to air.

Occupational Safety and Health
Administration (OSHA) Requirements
A. Requirements· for workers a t remedial
action sites (29 CFR Part 1910)

Any remedial action onsite must be performed in consideration
of applicable OSHA standards.

YES

IX.

u.S. Department of Transportation (DOT)
Regulations (t19 CFR Parts 170-179)

Contaminated soils and other wastes may be transported
offsite for disposal.

YES

X.

Response in a floodplain or wetlands
(40 CFIZ Part 6, Appendix A, and
Executive Orders 11988 and 11990)

According to the FEMA Flood Insurance Rate Map
(February 17,1982), the study sites are above the 100-year
flOOdplain. Never Uleless, the remedial actions evaluation
will consider the location of the Former Line I Impoundment
in Brush Creek. Also, to our knowledge, there are no wetlands proximate to the study sites that could be affected by
remedial actions.

NO

Xl.

Conservation of Wildli fe Resources
(Fish &. Wildlife Coordination Act)

There are no endangered species at IAAP; thus, none will
be affected as a result of remedial actions.

NO

XII.

Preservation of Rivers on the National
Inventory (40 CFt< Part 6)

No wild and scenic rivers are found in the vicinity of the
study si tes.

NO

XIll.

Preservation of Scienti lic, Historic, or
Archaeological Data (Archaeology and
Historic Preservation Act of 1974)

To the best of our knowledge, no designa ted scienti fic,
historic, or archaeological si tes are located in the
vicinity of the study sites.

NO

,

N

'"
'"

Considera tion as an ARAR

Retained
for ARAIZ
Analysis?

TABLE 2-8 (cont'd)
Itcti'Jincd

Environmental Laws and Regulations

Considera tion as an

XIV.

Iowa Water Pollution Disposal
I~egulations (lAC, Division 567,
Titles VIll and IX)

These regulations specify water quality standards and
discharge permi t requirements which are applicable to
discharges to ~rush Creek.

YES

XV.

Iowa Solid Waste Disposal Regulations
(lAC, Division 567, Titles Vill and IX)

These regulations would be applicable to the design,
construction, and operation of any solid (i.e., nonhazardous)
waste disposal facili ty.

YES

XVI.

Iowa Rules and Regulations Relating
to Air Pollution Control II
(lAC, Division 567, Title II)

Iowa air quali ty regulations are substantially equivalent
to the ['ederal requirements. Therefore, compliance with
Federal standards (as notcd previously) will satisfy statc

YES

requirements.

,
'"
IV

w

I\I~I\I~

for I\I~I\R
I\nalysis?

promulgated regulations implementing the Congressional1y-mandated land disposal
restrictions and treatment standards for

certain hazardous wastes.

Wastes

formerly managed at the Former Line I Impoundment and Line 800 Pink Water
Lagoon are included in the RCRA hazardous waste listing KO/;/; (wastewa ter
treatment sludges from the manufacturing and processing of explosives) (40 CFR
Part 261.32)

A treatment standard of "no land disposal based on reacti"ity" has

been established for KO/;/; wastes by the USEPA. The August 17, 1988, rule further
states that, in general, residues from the management of listed wastes or mixtures
that contain listed wastes are also covered by the applicable treatment standard
for that listed waste.

The bases for this statement can be found in the RCRA

"mixture rule" and "derived-from" rule in /;0 CFR 261.3(a)0)Ov) and /;0 CFR
261.3(c)(2), respectively.
Because KO!;/; is listed due to its reactivity ra ther than due to the presence of
toxic constituents (as is the case with the vast majority of listed hazardous
wastes), these "mixture" and "derived-from" rules may not apply to contaminated

ma terials containing KO/;/; wastes, since these may not exhibit the characteristic of
reactivity.

In the case of the "mixture rule" (defining a mixture as a hazardous

waste), a mixture of a solid waste and a hazardous waste that is listed solely
because it exhibits a RCRA characteristic is not a hazardous waste as long as the
resultant mixture does not exhibit any RCRA characteristic (/;O CFR 261.3(a)(lil)).
Recent discussions with USEPA's Office of Solid Waste (Kidwell, 1988a; 1988b)
confirm that soils and sediments contamina ted with KO/;/; waste would not meet
the definition of hazardous waste (and hence, would not be subjected to the land
disposal restrictions) unless the contaminated soils of sediments were themselves
reactive (or exhibited any other RCRA characteristic).

Wastes from both study

sites--including contamina ted soils, sediments, and sludges--were tested for the
RCRA characteristics of reactivity and ignitabiJity under the present investigation,
and were found to exhibit neither of these characteristics (see Appendix C of
Endangerment Assessment document (Dames &: Moore, 1989)).

(However, slUdges

in the Line 800 Pink Water Lagoon, which may represent actual KO/;/; waste, may
not be exempt from land disposal restrictions even if they are not reactive.)
Similarly, USEPA has interpreted the application of the "derived from" rule to
KO/;/; wastes such that ash resulting from the incineration of these contaminated
soils

would not be considered hazardous
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waste or subject to land disposal

restrictions unless the ash was reactive (or met any other RCRA characteristic).
Since the waste ma terials to be considered for incineration at IAAP are not
reactive (see above), incinerator ash from burning these also should not be
reactive.

As a result, it has been determined for purposes of this study that neither the
contaminated soils/sediments nor ash resulting from the. incineration of explosivescontaminated soils at I.A.AP must be managed as hazardous wastes, whereas Line
800 Pink Water Lagoon sludges themselves may require management as hazardous
waste under RCRA (unless they are mixed with other materials).
2.4

IDENTIFICATION OF GENERAL RESPONSE ACTIONS
General response actions tha t could be taken to achieve the remedial action

objectives described in Section 2.2 are summarized in Table 2-9 for both the
Former Line I Impoundment and the Line 800 Pink Water Lagoon.

General

response actions are presented for each environmental medium requiring remediation or control. Based on the results of the site contamination studies (see Section·
1.2.3) and the Endangerment Assessment (see Section 1.2.4), the media requiring
remediation for existing contaminants or controls to prevent possible future
contaminant migra tion are as fol1ows:
•

Former Line I Impoundment - soil and sediment

•

Line 800 Pink Water Lagoon - soil, sediment, sludge, groundwater, and
surface wa ter.

Table 2-9 also presents the general remedial action performance objectives that
are targeted by each general response action.

The specific remedial technologies

associated with each type of response action are identified in Section 2.5.
Offsite treatment and disposal for groundwater and surface water at the Line
800

Pink

Water

Lagoon

are

not

included

in

Table

2-9,

because

on site

treatment/disposal would be considerably more cost-effective and more protective
of human health and the environment than offsite treatment/disposal. Many of the
same technologies evaluated for the onsite treatment of groundwater and surface
water (see Section 2.5) could also be employed by offsite vendors to treat these
aqueous wastes. Those onsite treatment technologies shown in Section 2.5 to have
failed the screening process would also fail if employed by an offsite vendor, for
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TABLE 2-9
Summary of General Response Actions for Meeting Remedial Action Obiectives at IAAP
AppliCAbllilr 10
FOlmer
Lin.. I

Ccnc'.ll RClpBllloC Action

COIll~mln'l~d

M.. dl~

LIM 100 Pi"..... Ier LuOQfl

In'po".ul,,,cnt

Soill

SoM
Sed,m.. ,,"

5..<ll'n(",1
~
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X
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X

X

X
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X

X

X
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l"&"",,,

"h
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holl'e, ':001'''''"'1.. 11 .'HI.I.cd,m .. utshiudlCl. Ilc,J.o>cu 1...... h;l\&

01 cOnl.lmlnlnlllnto ,round...,'"''

Sutf,ccc .... I~r Conlt"l,

fu:... ulon lind

H~mo..... 1

"h

X

Ground ... ter Co<IlIol,

X

X

X

X

X

lo.ol.at~. (onl.. ,,,I,,. I~d JQ,l,/1~dim~nH. R~d,,(e ••"rfll(CC ... Uer
uo.lon ..MJ 1~,(I,ln, 01 conl.. ml"..nt.lnl" Dru,,", C,~~k.

Allo .... ionpl~<ncnl"ll"n0/ .coned,.. 1
.eli"n. r", ")ll.l.ccd,,,,~nl'.. ,~I
Sruun""'"er, Ihdu~'u .:onu"un,nl
lc .. c:t.,ns Inl" 'roumJ .... lu. lled..cc,
,"ylll .. "lie prc ••"re ,,.,., ,found..... I~'
mo"udln,.

N.crnuvu conl.mlnllled loOih"'~di·
R~dllcu .ucJ.Cc "'''Iet
ccnn'on"nd le.chi"S of c"nl.. mi"""" i"IO 8r",,", C.uk.

Remu ...e. conl.. <nln.l~d lo')il.l.edl,nenl./llu<l,~... kcd"Ce,I~.I(hinl of
conumln."I' JOIO .roon.l..... lcr.

hol'I~' or femOvCl cont.min"nl1
10 loOiJ,/ocdir,,~nl ... Re"..cc. ,.".Ier
ennl"n aod lellchln, 01 conl.. ml,...nl> inlo Uru>h Crcek.

l..... ble' or rconovCl co"l;>onin"nl. in
...,ih/ocdirncr\I".I"dl:~'.Re.Jucu
I~Jc"lo, oj Conl.. onin;> led .....il."edi·
rnelll.I.I"d,Cl Irllo 'found ..... lcr. ncc·
d",:cc. conl..,,,ln""l cunceOlr.. lion, in
,rOUn<l...lIICCr. Rcc<J,>c:e. (o<,l;>min",,1
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,

N

W

'"

Omile Trnlmcnt

X

X
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X

X
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X

X

X

X
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X

X

X

X

X
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~r.'

"h
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aRemediation of groundwater and surface water is not required at the Former Line 1 Impoundment.
bNA = not applicable.
CNot considered for Line 800 Pink Water Lagoon groundwater and surface water, for reasons discussed in text.

the same reasons noted in Section 2.5. In cases where on site treatment processes
for the groundwater and surface water pass the screen, the shipment of these
waste to an offsite vendor would be more costly and less protective of human
health and the environment--due to risks associated with transportation of these
waste--than the equally effective onsile use of these technologies. Thus, no offsite
treatment technology for groundwater or surface water would pass the screening
process.
2.5

IDENTIFICATION

AND

SCREEN1NG

OF

POTENTIALLY

APPLICABLE

TECHNOLOGIES
A wide range of remedial action technologies have been identified and
screened with respect to their suitability for use at the Former Line 1 Impoundment and Line 300 Pink Water Lagoon. The technology identification and screening
process was performed in accordance with the CERCLA FS guidance document
(USEPA, 1988), as specified by the NCP (40 CFR Part 300, Subpart F).
A master list of potential1y applicable technologies was initially developed,
which was organized in terms of the general response action categories presented
in Section 2.4.

Screening of the identified technologies was based primarily on

technical feasibility considerations, although cost was also considered.

Specific

criteria employed in the screening process were as follows:
•

Compatibility with

Waste Characteristics.

A technology must be

effective when applied to the specific contaminants/wastes of concern.
•

Compatibility

with

Site

Characteristics.

A

technology

must

be

applicable to/compatible with the specific site characteristics (e.g.,
depth to bedrock, depth of contaminated aquifer) that exist at either of
the study sites.
•

Protection of Public Health and the Environment.

A technology must

be effective and reliable in protecting pUblic health and the environment..

•

Developmental Status.

A technology must be proven capable of being

demonstra ted on a large scale in a reasonable time frame for implementation at IAAP. Technologies that are unproven and in early stages
of development were elimina ted from further consideration.
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•

Cost. Technologies estima ted to be an order-of-magnitude more costly
than other technologies offering similar levels of effectiveness and
public health and environmental protectiveness were eliminated from
further consideration.

On the basis of this technology screening process, a judgement was made to either
reject a technology or to carry it forward into the next phase of the study--i.e., the
development of site remedial alterna tives.
In some cases, more than one technology process option might be feasible for
attaining a certain treatment goal.

For example, either carbon adsorption or

ultraviolet (UV) irradiation/oxidation can be used to remove explosive compounds
from extracted groundwater.

In such cases, the technically feasible technology

process options are compared, (see Section 2.5.3), and one of the options is selected
for consideration in subsequent phases of the FS.
2.5.1 Identification and Screening of Candidate Technologies
Table 2- 10 summarizes the range of technologies considered under each
general response action.

Also presented in Table 2-10 is a preliminary evaluation

of the possible applicability of each technology to the media of concern at both the
Former Line I Impoundment and the Line 800 Pink Water Lagoon, the results of
applying the previously-discussed screening criteria (in terms of "pass" versus
"fail"), brief technology descriptions, and pertinent comments explaining why
technologies were either eliminated or retained for further consideration.

The

relation of general response actions/remedial technologies to remedial action
objectives is illustrated in Table 2-9. Offsite treatment and disposal technologies
for surface water and groundwater are not inculded in Table 2-10, for reasons
discussed in Section

2.~.

It should be noted that various common engineering operations--such as
dewa tering, backfilling, grading, revegetation, and the use of ditches or trenches to
control surface water flows--are

incorporated, as appropriate, in the development

of alternatives in Sections 3.0 and 4.0.
practices are

However, these standard engineering

not considered as separate technologies for

purposes of this

technology identification and screening process.
Each of the technologies that passed the screening process is described in
greater detail in Section 2.5.2.1. Two technologies that did not pass the screening
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TABLE 2-10
Screening of Remedial Action Technologies

Applicability to
Conlamina lcd Media
Formcr
Line I
Impoundmcnt
General
General Response
Ac lion/Technology

Line 800
Pink W.lter LaRooo

Soicr
Sediment/ Ground- Sur '.'ce
Soli!
Sediment
Sludge
~ ~

x

x

x

x

x

x

x

x

Descriplion a

Pass/
Fail

Commenls

No remedial measure to bc takcn.

Pass

The no action allernative must he fully cv,)llIated according according to"'O eFR JOO.68.

x

A barrier of low permeability placed
over an area containing buricd waste or
contaminated soil.

Pass

A proven lechnology that is commonly uscd as a
source control measure in the remediation of
waste sites.

x

Underground barriers used to physically
divert groundw.ller flow away Irom an
area or conlain a contaminallt plume.

Fall

Slurry walls are not applicable to contaminanl 01
contaminant Inil,;ralion in lhe lill at the IAAI'
site, due to lhe presence of clo.lyey soils that <Ire
as impermeable as the slurry wall would be.
Furthermore it would not be fcasitde to irlSt.lll
slurry walls or other types of barriers jn the
lirnestone bedrock, which appears 10 be the primary route tor migration of contaminants Irom
the line 800 Pink Water La~oon.

• Extraction wells

x

Groundwater extraction wells are used
to pump contarninatcd groundwater to a
trealment system and provide conlainment of Ihe contillninant plume.

Pass

This is " widely-uscd technology for rcmeui.lli"g
corltarninated groundwilter and wOIJld be applicable to reJllcdi,jting contamination in the lirnestone bedrock.

• Subsurface
drains

x

Trenches that are excavatcd and filled
with highly perrneable material, and
which can b~ used to collect and convey
contaminaled groundwaler by gravity

Fail

Not applicable, due to depth (greater than 60
teet below surface) of conlarnino.lted groundwaler in the limeslone bedrock .l<Juifer.

Pass

A necessary component of most sile rCllledi,ltj"m
altern..llives.

No Action

Containment
• Capping

,

tv

"'"

tv

• Slurry walls
(and other
barriers,
such grout
cur la ins and
sheet piling)

Groundwater Controls

lIow.

• Groundwatcr
MOllitoring

x

Periodic
collection of groundwatcr
sarnples 10 delerrnine the effectiveness
01 a re,nedialion <lpproJch arid/or Ihe
migration/extenl of groundwater contalninants.

•
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Table 2-10 (cont'd)

Applic3bility 10
Cont.llllinated Media
Former
Line I
Irnpoundment

General Response
ACI ion/Technology

N

l)escriprion a

Pass/
Fail

Comments

Solution
mining

x

x

Percolation of a suitable solvent through
contamin.ttcd material to solubiliz.e adsorbed contaminants, and usc of an extraction well system to recover the
leachate.

Fail

NOI feasible, because a haz.ardous solvent such
as acetone would probalJly be needed to ef lectively solubili:,e the explosive contamlnanlSj lhis
would increase the risk to environment.

- Fixation

x

x

In situ use of Cement- or silicate-based
materials and other suitable additives to
physically and/or chemically bind a waste
material in a solid matrix to reduce lhe
mobility of contaminants.

Fail

Not effective for immobilizing organic wastes in
general, including explosive contaminants.

- Composting

x

x

Mixing ol excava ted soils or other organic
wastes with nUlrients to achiev~ aerobic
biodegradation in a pile at elevated temperatures. b

rail

A promising, but unproven technology that is
being developed and tested by USA T1IAMA lor
usc with explosives-contaminated soils and sediments (Mohrman, 1988).
Effectiveness in
degrading low-level contaminants is unknown,
and tOllic dcgration products may be formed.

- Land farming

x

x

Land application of contaminated soil,
sediment, or sludge in a thin layer so that
natural biodegradation processes can take
place.

Fail

Not feasible, because ROX does not degrade
tinder aerobic conditions, and risk to cnvironment may be incrc<lscd by clItending land area
covered by ellplosivc contaminants. Also, biodegradation prodllcts of TNT and ItOX may be
tOllic.

Use of white rot fungus in rotating biological contactor equipment to biodegrade
organic contarninants. b

Fail

A promising, but unproven technology thaI has
not been developed or tested beyond laboratory
scale (Dells, 1988).

o Biological
treatment

I

-<0
-<0

Line sao
Pink Waler La~oon
S-oill
Sediment/ Ground- Surface
Soil/
Sediment
Sludge
~ ~

Treallnent of
waste by white
rot funl;us

x

x

Table 2-10 (cont'd)

AppJic3bility to
Cont.lminated Media
Fonner
Line I
Impoundment
General Response
Ac tion/Technology

Line SOO
Pink Water Lagoon
Soil!
Soil/
Sedimen t/ Ground- Surface
Sediment
Sludge
~ ~

Pass/
rail

Description il

Comments

o Physical/chemical
trea tmen t

,

N

Chemical reduction

x

x

The decomposition of cKplosive compounds
by strong reducing agents (mainly sullurbased). Explosives, which tend to be oxidants, react to (arm less sensitive compounds.

Fail

Only li.nited labor.lIory tests have been performed, which indie.lle Ih..lt 10Kic interrnedi.llcS
(e.g., amines) may be formed.

Liquid/liquid
extraction

x

x

The removal of a soluble component trom
a liquid miKture by contact with a second
liquid, immissible with the carrier liquid, in
which the component is preterentially
soluble.

Fail

Not feasible, becalJ~ the technology requires
high concentration driving torce to be effective;
eKplosives concentrations in Sllrlace watcr and
groundwater at IAAP arc relatively low.
In
,Hldilion, a tOKic solvent such as toluene would
be required, which would contaminall: the
treated water unless removed by further processing.

x

x

The use 01 activated carbon
contaminants from wastewater.

to adsorb

Pass

A commonly-used technology lor treating contaminated groundwater and industrial wastewater.

"'"

\J>

- Carbon adsorption

- Solvent washing

x

x

The proccss of solubilizing contaminants
present in Ihe soil matriK with a carrier
solvent, followed by collection and treatment of the wash solvent.

Fail

Studies conducted by USATIIAMA indicate thai
a hazardous solvent such as acetone would he
required (Sisk, 1938). Severe safety problems
could result since ~Ivent enriched with explOsives would have to be heated to recover solvent.

- Fixation

x

x

Use of cement-, sulicate-, or plastic-based
materials and olher s\litable additives to
physically and/or chemically bind a waste
material in a solid matrix to reduce the
mobility of contaminants.

Fail

Inorganic-based technologies are not effective
lor immobilizing orgdllic wastes, includinl: explosive COl\lafllinanls.
While plastic-ba~d technOlogies may be effeclive, their costs are prohibilive. except tor treating mated'lls willi vcry
hit,h conlarninant conccl\lr.ltions or high IOKicity.

Table 2-10 (cont'd)

Applicability to
Contaminated Media
Former
Line I
Impoundment

General Response
Ac lion/T echnology

.,.,

N

Line 800
Pink Wa ter Lagoon
Soil!
Soil!
Sedimenl! Ground- Surface
Sediment
~~~

Ocscription il

Passl
Fail

Comments

Alkaline digestion

x

x

The decomposition of ellplosive substances
by reaction with strong alkaline reagents.

Fail

Uscd primarily for nitrocellulose. neaction with
TNT rlIay form dangerollsly sensitive cOlllpuunds.

Gamma
irradialion

x

x

The decomposition of explosives resulting
trom their exposure to a gamma radiation
source.

Fail

In eMly stages of development.

UV irradialion!
ollida tion

x

x

The decomposition of ellplosives by a
strong oxidant such as ozone or perollide
while explosive
molecules arc
being
ellcited by UV light.

Pass

A commercially·availJhle wastewater trcatmcnt
process thaI has been slJccesslully tested with
ellplosives (Fletdu:r, 1')88).

x

x

Thermal process for wastes which are too
dilute to incinerate.
A combustion·like
decomposition reaction is caused to take
place under conditions at elevated pressure
and temperature.

fail

Tests conducted lJy USATIIAMA have generally
been unsuccessful, wilh tOllic reaction products
being formed (Sisk, 1988).

'"
a Thermal treatment
- Wetalrollidatlon

- Incineration

x

x

High temperature combustion 01 organic
wastes in ,nobile (transportable) equipmcnt
dcsigned to maxirnize waste destruction.

PilSS

A proven technology lor treating explosive-contamin.ned wastes.

- Plasma arc

x

x

A thermal trealment process in which cont.llllina Icd soil is slurried and then brought
into contact with extremely high-temperatllfe gases in the plasma sta te. Contamina'lIS are thermally decomposed by direct
brcJking of chemiCal bonds without a
series of chemlc.. l reactions.

Filii

In early stages of research and development.
["pee tcd to be considerably more ellpensive th.1Il
olher therlllal treallllcllt rroccs:.e~ ullcrirlL;
similar pcrlormance.

Sodium
(lulling

x

x

Thermal destruction of contaminants by
injecting waste material into a 'n<)lten salt
bath.

Fait

Not fe.Hiblc lur tlil;h ash eontent waSle like contarninated soils anJ sediments.

Table 2-10 (cont'd)

Applicability to
COlllollninateJ MeJi;1
Fonner
Line I
Impound·
ment
General nesponse:
Action/Technology

Line 800
Pink Watcr LaKoon

So ill
Soill
Sedimentl Ground- Surface
Sediment
~~~

Description a

Passl

D!J!

Comments

Otfsite Treatment
o Incinera lion

x

x

High-temperature combustion of organic
wastes in offsilC, vendor-owned and
opera led equipment designed to maximize
waste destruction.

Pass

A technically feasible technology.

x

x

Disposal of excavated soils, sediments and
sludges in a secure, RCllA-designed landfill equipped with impermeable liners, a
leachate colleClion system, and a low-permeability cap (at closurc).

Fail

Not feasible at IAAP, dlle to space limitations
and lack of a suitable locatiOn (Baxter, 198!),
and to expected community opposition.

Discharge of Ireated groundwater and surface wa ler to a nearby surface wa ler body
under an NPDES discharge permit.

Pass

Treated groundwater and surface water could be
discharged to Brush Creek.

Onsite Disposal
o Hazardous waste
landfill

..,,

N

"

X

o Sur (ace wa ler
discharge

X

o Exlsling IAAP
landfill

X

X

An existing landfill is currenlly used to
dispose of nonhazardous wHles at IAAP.

Fail

Not
suitable
for
hazardous
wastes, and
insufficient capacity lor the I;)(ge volumes 01
explosives-contaminated soil, sCdiment, and
sludge from the two study sites (Oaxler, 1988).

o O;spMollof
incinera tor
ash in excavated
areas

X

X

Placement of nonhaLardous incinerator ash
ill excavated areas Irorn which the soils,
sediments, and sludges to be incineratcd
were removed.

Pass

Technically le,l5iblc and desir.llJlcj incinerator
ash would be inert. Before dbpusal, however,
incineriltor .1sh would be lested h) ensure that
explosive contaminants arc not present above
analytic.1I ddcClion limits .Jlld that the a~h
passes the applicable leaching test lor metals.
Since
contamillalec!
soils/seflilncllts/sludges
.1ppC.J( to he neilher reactive nor i/;nit.1ble, it i~
aS~II"led that tile incinerator ash ,lIso will not
exhibit these chMacterislics.

Table 2-10 (cont.)
Replace
Onsite Disposal
•

Hazardous Waste Landfill

Onsile Disposal

•

Solid Waste Landfill

x

x

Disposal of excavated soils, sediments, and

Fail

A technically feasible technology

Fail

Insufficient capacity for large volumes
of explosives-contaminated soil,
sediment, and sludge from the two study

sludges in a secure landfill equipped with
impermeable liners, a leachate collection

system, and a low-permeability cap (at closure).

Replace
Onsite Disposal
•
•

Existing IAAP Landfill
Existing IAAP Landfill·

x

x

An existing landfill is currently used to
dispose of nonhazardous wastes at IAAP.

sites (Baxter 1988).

PNKWTR.COM
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Tahle 2-10 (cont'd)

AppliC3bility to
Cont ... mina ted Media
Former
Line I
Impound-

Line 800
Pink Water La~oon
Soil!
5ediment/ Ground- Surface
Soil/
Sediment
~~~
~

General Response
Action/Technology

o Disposal of soils/
X
sediments from the
Former Line I Impoundment at the Line 800
Ilink Wa ter Lagoon

Description

Pass/
Fail

Commcnts

nisposal of soils/sedimcnts cxcavale(J from
the Former Line I Impoundment in the
Line 800 Pink Woller Lagoon.

Pass

A technically fcasible olltcrnatiye.

Shipment to and disposal of excavated
soils, sediments, and sludge in a secure.
RCRA oftsitc landfill equipped with impermeable lincrs, a leachate collection system, and a Jow·pcrmeability cap (at
closure).

Pass

A technically feasible tcchnology.

Discharge of aqueous waste oflsite to a
publicly owned treatment .....orks (POTW).

Fail

Not feasible, lJec.111sc there arc no sewer lines
connecting IAAP to a I'OTw.

Involves restrictions on land use In the
vicinity of contolminated sites aud other
potentially impacted locolti.ons to prevent
unauthorized contact of any kind with COntamina tcd media.

Pass

Fcasibilily of future land use restrictions at
IAAP and surrollnrling areOls will depend on
institutiondl factors, including acceptahility of
proposed restrictions to rcglll<ltory agencies .111\1
the community. Such reSlrictions are currently
in place for the alJuviill aquifc=r along Orllsh
Creek.

Of hite Disposal

o Hazardous waste
land lill

x

x

,

N

.".

00

o POTW discharge

x

Land Use Restrictions

x

x

aTechnologies that pass the Screen are described further in Section 2.5.2.1.
b This promising technology is described further in Section 2.5.2.2

process--composting and the white rot fungus process--may haole potential for
future application at IAAP or other similar sites, based on research by USATHAMA
and

other

organizations.

These

promising

technologies

are

described

in

Section 2.5.2.2.
2.5.2 Technology Descriptions
2.5.2.1 Generic Descriptions of Technologies that Passed the Initial Screen
2.5.2.1.1

No Action. In the no action alternative, no remedial measures would be

taken at either the Former Line I Impoundment or Line 800 Pink Water Lagoon.
This approach is not protective of public health under the 10- 6 (Section 3.0) and
10- 5 (Section 4.0) risk level scenarios, considering that the Endangerment
Assessment has identified risks in the no action case that exceeds these risk levels.
Nevertheless, the no action alternative has passed the technology screen in
accordance with the requirements of Subpart F of the NCP, which specifies that
the no action alternative must be fully evaluated as a basis for comparison of other
remedial alternatives. As discussed in Section 5.0, the no action alternative, which
would include groundwater monitoring at Line 800 and surface water monitoring at
Line 1, would pose no public health risks in excess of the 10- 4 risk level.
2.5.2.1.2

Capping.

A capping system involves the physical covering of an area

containing buried waste of contaminated soil. Its main objective is to eliminate or
reduce the infiltration of water into the covered waste area, thereby reducing the
potential of contaminant migration from beneath the cap. The system creates an
impermeable layer over the site

to

be contained.

This layer curtails the

infiltration of precipitation and run-on and promotes surface water runoff.
types of cover materials are usually considered--c1ay and synthetics.

Two

Due to the

availability of clayey soils at the IAAP site, clay caps are recommended for
development of remedial alterna ti'/es in Sections 3.0 and 4.0.
A clay cap typically consists of a three-layered system designed for max!mum site containment and minimum infiltration and erosion. The surface layer is
usually composed of top and native soils that are suitable for vegetation.
properly compacted, graded, and vegetated, this layer provides
stability and erosion control.

When

the cap with soil

The middle layer is usually composed of highly

permeable material such as sand, loose gravel, or a geocomposite drainage net,
which consists of a combination of geotextiles and geogrids.
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This layer acts as a

drainage medium whic:' removes any infiltration below the vegetation.
or bottom layer forms

the impermeable barrrier between

The third

the contaminated

material and the ground surface. At the IAAP site, this layer would consist of lowpermeability, compacted, and nonexpansive clays.
2.5.2.1.3 Groundwater Extraction. Extraction wells are commonly used to remove
contaminated groundwater for subsequent treatment and disposal.

Submersible

pumps can be lowered into a well to achieve a desired groundwater extraction rate,
based on local geologic and hydrologic conditions and the abili ty of the well to
recharge and recover.
The use of extraction wells for groundwater recovery can also provide
effective containment of a contaminant plume, thereby preventing a contaminant
plume from migrating beyond the locations of the wells.

By means of proper

placement of the extraction wells, a cone of depression can be created that will
result in the plume being hydraulically driven toward the wells, thereby controlling
the contaminant flow and providing plume containment.

Plume containment by

pumping is an effective means of preventing the eventual contamination of
drinking water wells or the pollution of streams or confined aquifers that are
hydraulically connected to the contaminated groundwater.
Groundwa ter pumping can be also used to lower the water table in a
particular area.

Groundwater pumping to lower the water table may be a suitable

remedial action for contaminated groundwater under several conditions, including
the following: 0) lowering an unconfined aquifer sufficiently so that contaminated
groundwater does not discharge

to a

receiving stream

that

is hydraulically

connected; (2) lowering the water table so that it is not in direct contact with the
waste site; and (3) lowering the water table to prevent leaky aquifers from
contaminating other aquifers• . The frst two issues listed above may be most
applicable to the situation at IAAP.
Extraction and treatment of groundwater from the carbonate aquifer that
underlies the till at the Line 800 Pink Water Lagoon is considered technically
feasible.

The

effect of extraction

and

treatment

would

be

to

capture

contaminated leachate seeping into the carbonate aquifer from the overlying till,
thus

inhibiting

natural

movement of contaminated groundwater through the

carbona te aquifer towards Brush Creek.
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Because of the anisotropic and heterogeneous na ture of carbona te aquifers, it
may not be possible to precisely define the horizontal and vertical limits of the
contaminant plume in bedrock prior to construction of the groundwater extraction
system.

However, accurate delineation of the bedrock plume is not a necessary

prerequisite for construction of an effective groundwater extraction system in this
case. Contaminated bedrock groundwater is moving away from the Line 800 Pink
Water Lagoon along secondary fracture zones such as bedding planes and joints, and
possibly along the upper weathered surface of the bedrock (i.e., the bedrock-till
boundary) where poorly developed solution channels are likely.

ERG (1932)

reported that bedrock encountered at monitoring well location G-24 (adjacent to
Brush Creek and the southern boundary of IAAP) was "...vuggy, with solution
cavities filJed with smalJ calcite crystals." Reduction of the hydraulic head at the
Line 800 Pink Water Lagoon will encourage reversal of groundwater movement
along the same bedding planes/fractures/solution channels that have facilitated
contamina ted groundwater movement a way from the Line 800 Pink Water Lagoon.
Although the precise orientation of the bedding planes/fractures/solution channels
will not be known, effective movement of contaminated groundwater toward
recovery

wells

along

these

groundwater

flow

pathways

will

occur.

The

effectiveness of the groundwater extraction wells can be enhanced by designing
them with continuous screened intervals within the bedrock.
maximum

interception

of

bedding

This wilJ encourage

planes/fractures/solution

channels by

the

recovery wells.
2.5.2.1.4

Groundwater Monitoring.

Groundwater monitoring can be used to track

the long-term progress and effectiveness of a groundwater extraction and treatment system or other remediation approach at both study sites, by periodic
colJection and analysis of samples. It involves the use of existing monitoring welJs
or the installation of new wells for collection of groundwater samples. By properly
locating the monitoring wells, the downgradient vertical and
contamina tion can also be determined.

lateral extent of

An upgradient monitoring well is also

generalJy used to determine the background levels of contaminants.
Depending on the type and level of contamination, groundwater monitoring
welJs are typicalJy sampled on a monthly, quarterly, semi-annual, or annual basis.
Samples are chemically analyzed for parameters of concern, which would include
explosive contaminants and/or heavy metals at IAAP.
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2.5.2.1.5

Channelization. Stream channelization consists of physically modifying

or altering the natural flowpath of a stream.

Typical examples of channelization

include deepening or widening an existing streambed, altering a stream's courSe by
creating a new flowpa th, and containing a stream's flow through the use of culvert
pipes.

Channels typically consist of excavated ditches that are generaly wide and

shallow, with trapezoidal, triangular, or parabolic cross sections. Stream channelizaiton can also be accomplished either permanently or temporarily by using
concrete or galvanized steel culverts or a concrete open channel.
Stream channelization could be used at Former Line I Impoundment.

The

routing of Brush Creek into an open concrete channel or closed culvert would
provide containment of contaminated sediments and soils in and around the
streambed areas and isolation of these sediments and soils from surface water
flows in Brush Creek, thereby preventing erosion of contaminated materials into
the creek.
2.5.2.1.6 Surface Water Monitoring. Surface water monitoring in this case would
consist of the collection of samples of Brush Creek surface water by means of
automated sampling devices and/or manual methods. Surface water samples from
the creek could be collected to monitor the possible extent of contaminated
sediment erosion from the Former Line I Impoundment into Brush Creek.
Automatic sampling devices could be used to determine the extent of
sediment erosion during storm events. These devices (such as the ISCO Model 2700
Sampler) could be used to collect flow-proportioned composite samples during
specified storm events.

Automatic flow recorders/meters would be used in

conjunction with each automatic sampler.

To utilize the flow recorders, it would

be necessary to establish a stage/discharge relationship with a pygmy water
current meter at each selected sampling station.
In addition to monitoring surface water during storm events, samples could be
collected manually in appropr ia te sa mple jars during normal f low/conditions at
specified intervals (e.g., monthly, bimonthly). A pygmy water current meter could
be used to determine stream flow ra tes during sample collection. Several manually
collected samples collected at each sampling station during a I -hour or longer
period could then be composited on a flow-proportioned basis.
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For purposes of this FS, it is assumed that Brush Creek surface water
monitoring would be conducted only for the no action alternative for the Former
Line/Impoundment under the 10- 4 risk level scenario (see Section 5.0). In the case
of all remedial action alternati'/es employing either containment of contamina ted
sediments at Line I or the excavation and removal of these sediments from Line I,
surface wa ter monitoring would not be required, since these alternatives would
prevent the erosion of contamina ted sediments into Brush Creek.
2.5.2.1.7 Surface Water Removal from Line 800 Pink Water Lagoon. Application
of this technology would involve pumping out all standing water in the Pink Water
Lagoon.

As discussed pre'/iously, this step would be necessary to implement

remediation of lagoon soils, sediments, and sludges, and to allow for improvement
of groundwater quality and alle'/iation of mounding in association with appropriate
groundwater controls and/or groundwater treatment technologies.
standard pumping syste ms are available for wa ter removal.

A variety of

Options for handling

this water subsequent to removal include onsite treatment and discharge.
2.5.2.1.8

Excavation.

Excavation is defined as t~e physical remo'val of soild

material from the ground by mechanical means. It is a common technique used in
earth-moving projects.

It is widely used to move soils and thickened sludge

materials, but is not well suited for removal of materials with low solids content.
Excavation can be accomplished by digging up waste and/or contaminated
soils with either a drag line unit, backhoe, front-end loader, or other suitable
equipment.

As its name indicates, dragline equipment operates by dragging a

bucket in to the surface of the ground.

The backhoe is a hydraulically-powered

digging and loading unit tha t can be mounted on tracked or wheeled vehicles.

The

front-end loader is a hydraulically-powered digging, loading and hauling machine,
which can be either crawler- or wheel-mounted. Further description of excavation
equipment/methods is provided below.
A dragline excavator is a crane unit with a drag bucket connected by cable to
the boom. The bucket is filled by scraping it along the top layer of soil toward the
machine by a drag cable.

The dragline can operate below and beyond the end of

the boom. Draglines are generally well suited for excavating large land areas with
loosely compacted or unconsolida ted soil, and are rela tively easy to operate.
Backhoes are effective for the removal of compacted as well as loosely-packed
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materials, and ofier more accurate bucket placement than the dragline.

In

addition, some types of backhoes can also be used for backfilling and grading
disposal sites.

Front-end loaders are effective for the removal of compacted as

well as loosely compacted soils. Their buckets are usually larger than the drag line
and backhoe buckets. Front-end loaders also have the capability of hauling soils

In

areas that are not accessible to other hauling equipment (e.g., dump trucks).
Excavation is applicable to contaminated soils, sediments, and/or dried sludge
at both the Former Line I Impoundment and the Line 800 Pink Water Lagoon.
2.5.2.1.9

Carbon Adsorption.

Carbon adsorption removes chemical contaminants

from water by physical and chemical adsorption of organics onto the surface of
carbon particles.

Granular activated carbon (GAC) is most frequently used for

wastewater treatment.

For GAC treatment, water is pumped through a bed of

GAC in a filtration unit where close contact with carbon particles promotes
contaminant adsorption.

Carbon adsorption removes a wide range of organic

contaminants and numerous inorganic constituents as well. Adsorption is reversible
and exhausted carbon can be regenera ted in some cases or disposed of.

In the case

of treatment of explosives, however, it is believed that spent carbon regeneration
is not feasible and disposal by incineration or landfilling is preferred (see Section
2.5.3).

Carbon adsorption is a highly effective method for the removal of

wastewater contaminants to attain applicable discharge requirements. The process
requires

skilled,

well-trained

contaminant breakthrough.

opera tors,

and

frequent

monitoring

to

track

Operating and maintenance costs can be high for

replacement of carbon and regeneration or disposal of the spent carbon.
In implementing groundwa ter or surface water treatment by this approach,

"off the shelf" units can be purchased or rented from vendors. Alternatively, use
of the existing carbon adsorption units that are currently used to treat industrial
effluents at the plant's LAP lines can also be considered for treating the surface
water and groundwater at the Line 800 Pink Water Lagoon.
Carbon adsorption is a proven technology for removing dilute concentra tions
of explosives contaminants from water. Carbon adsorption is currently being used
at IAAP as a treatment step for explosives-contaminated industrial wastewater. A
more detailed discussion of carbon adsorption and its applicability to contamina ted
groundwa ter and surface water at the Line 800 Pink Water Lagoon is presented in
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Section 2.5.3, where it is compared with UV irradiation/oxidation, another process
option for con tamina ted wa ter trea tment.
2.5.2.1.10

UV Irradiation and Oxidation.

UV irradiation combined with chemical

oxidation is a demonstrated wastewater treatment process for the destruction of
halogenated,

nitrated,

phenolic, and other wastewater contaminants.

These

refractory compounds, normally resistant to oxidation, become oxidizable when
exposed to UV irradiation.

The molecules absorb energy in the UV spectrum,

exciting the molecules into higher energy sta tes and thereby decreasing their resistance to bond cleavage and oxidation. Powerful oxidizing agents such as ozone and
hydrogen peroxide are typically added to enhance treatment.
The technology has been tested and proven effective for destroying explosive
contaminants in wastewater (Fletcher, 1988).

A more detailed discussion of UV

irradia tion/oxida tion and its applicability to contamina ted groundwa ter and surface
water at the Line 800 Pink Water Lagoon is presented in Section 2.5.3.
2.5.2.1.11

Onsite Incineration.

On site incineration could be performed by means

of a mobile (transportable) incineration system, which could be brought to the
IAAP site and then removed following completion of the required treatment.
Although lAAP owns and operates an incineration for burning spent carbon filters,
this

incenerator

would

not

be suitable

for

treating

the

large

volumes of

contaminated sediments, soils, and sludges at the two study sites.
A transportable rotary kiln incinerator is the type of unit recommended for
treatment of types of explosives-contaminated soils, sediments, and sludges at the
Former Line I Impoundment and the Line 800 Pink Water Lagoon.

Rotary kiln

incinerators are especially well suited for sites containing wastes with a variety of
physical forms and characteristics, and, therefore, provides excel1ent flexibility in
being able to treat a wide variety of waste streams.

In a rotary kiln incinerator,

the combustion zone temperatures can be set at 1800-2000 0 F or higher, and the
residue times can be adjusted, as needed, to achieve the desired destruction
efficiency.
and

As discussed in Section 3.2.2.3, USA THAMA has successful1y tested

employed

a

transportable

rotary

kiln

incinerator

system

for

treating

explosives-contaminanted soils and sediments at other instal1ations.
Rotary kiln incinerators consist of inclined, refractory-lined cylinders used
primarily for combustion of organic solids and sludges, although liquid and gaseous
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organic wastes can also be trea ted by injection into either the feed end of the kiln
or the secondary chamber. Solid wastes and sludges are injected into the high end
of the kiln and passed through the combustion zone as the kiln rotates. Rotation of
the co mbustion chambe r crea tes turbulence and improves the degree of burnout of
the solids.

Wastes are exidized to gases and inert ash within this zone.

removed at the

~ottom

Ash is

end of the kiln, while flue gases are passed through a

secondary combustion chamber and then through air pollution control units for
remo'/al of particula tes and/or acid gases.
An onsite

rotary kiln

incinerator system is a feasible

technology

permanent treatment by destruction of explosive contanimants in the

for

soils,

sediments, and sludges at the Former Line 1 Impoundment and Line 800 Pink Water
Lagoon.
Other types of incinera tion systems, such as fluid bed or multihearth units,
might also be technicaUy feasible for some of the soil, sediments, and sludges at
IAAP.

However, these incinerator types generaUy do not provide the required

flexibility in handling a wide range of feed streams, and are not as well suited for
handling soils and sedimen ts as the rotary kiln design.

In addition, these other

types of incinerators have not been tested and their effectiveness has not been
demonstra ted with explosives-contamina ted soils and sediments, and they may not
be available in transportable form for use at IAAP.
2.5.2.1.12

Offsite Incineration.

An offsite incineration system could be used to

treat explosi'/es-contaminated soils, sediments, and sludges from IAAP.

The

principal differences between offsite incineration and the onsite incinera tion
described in Section 2.5.1.1.11 would be the shipment of the waste offsite and the
use of a stationary, permanent incinerator in the former case. Offsite incineration
would be performed at a vendor-owned and opera ted facility, permitted to
incinera te explosives-contamina ted wastes.
While offsite incinera tion of the explosives-contamina ted waste at IAAP is
certainly technically feasible, the ability to find a vendor willing to accept these
waste for incinera tions is uncertain.

2.5.2.1.13

Surface Water Discharge. It is expected that aU treated groundwater

and surface water at the Line 800 Pink Wa ter Lagoon would be discharged to the
surface wa ter of Brush Creek.

The contaminant loading to surface waters from
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wastewater discharge points is regulated under the Clean Water Act through the
NPDES permit program.

Discharge to Brush Creek would probably require an

NPDES permit.
The

NPDES

permitting

process

is

relati'/ely

difficulties are anticipated in obtaining a permit.
manufacturing

straight forward

and

no

Effluents from explosives

operations at L'\AP are currently discharged to orush Creek under

an existing NPDES permit. (Even if the plant's existing carbon filters and outfalls
are used, the existing permit may require modifica tion.) The discarge limits in this
permit could be easily met by either of the two treatment options (carbon
adsorption or UV irradiation/oxidiation) under consideration.

Either of these two

treatment methods would have little difficulty in treating contaminated groundwater and surface water at the Line 800 Pink Water Lagoon to any reasonable
permit conditions.
2.5.2.1.14

Onsite Disposal of Incinerator Ash in Excavated Areas.

For remedial

aiternati'/es employing onsite incineration, disposal of the incinerator ash would be
required.

The ash from the incinera tion of the explosives-contaminated soils,'

sediments, and sludge at the Former Line I Impoundment and/or the Line 800 Pink
Wa ter Lagoon could be as much as 85 percent or more of the original waste
?olumes.
Since the explosive contaminants in the waste will be essentially completely
destroyed in the incinera tor, the ash can be returned to the same location(s) where
the waste materials were excavated, without endangering public health or the
environment. To confirm that redisposal of the ash in the excavated areas can be
accomplished without any adverse public health or environmental impacts, the ash
would be chemically

tested

to

ensure

that the

concentrations of explosive

contaminants have been reduced to undetectable levels, and that metals present in
the ash meet leachability requirements (e.g., RCRA EP toxicity or TCLP limits)
which are applicable at the time of remediation.

Since contaminated soils,

sediments and sludges at the sites do not appear to be either reactive or ignitable,
it is reasonable to assume that the ash resulting from their incineration also will
not exhibit these hazardous characteristics.
After the ash is returned to the excavated areas, additional backfill will be
added, as needed, to regrade the areas, and the areas will then be covered with soil
and revegeta ted to promote runoff and reduce infiltra tion.
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2.5.2.1.15

DisDosal of Contaminated Soils/Sediments from the Former Line 1

ImDoundment in the Line 800 Pink Water Lagoon.

This option is similar to that

discussed in Section 2.5.2.1.14 for incinerator ash disposal.

Excavated soils/sedi-

ments from the former impoundment would be moved over to Line 800 and
consolidated with Pink Water Lagoon materials.
2.5.2.1.16 Offsite RCRA Landfill. Contaminated soil, sediment, and sludge at the
Former Line 1 Impoundment and the Line 800 Pink Water Lagoon could be
excavated and transported offsite for disposal in a hazardous waste landfill.

As

discussed in Section 2.3.4, based on recent changes in RCRA regulations, the
explosives-contaminated soils and sediments at IAAP may no longer need to be
classified as hazardous waste if they are not reactive (as appears to be the case at
the two study sites).

The sludge at the Line 800 Pink Water Lagoon may still be

classified as hazardous waste.

In any case, it is recommended that excavated

waste materials shipped offsite for land disposal be sent to a permitted hazardous
waste landfill to minimize the potential for leakage of IAAP's wastes from the
landfill in the future, with associated threats to public health and the environment
and economic liability to the Army. In addition, it is not likely that any reputable
sanitary or other nonhazardous landfill would accept the excavated soils, sediments, or sludge from IAAP.
RCRA established specific engineering and design requirements for secure
landfills.

Recent requirements have significantly increased the cost of land

disposal by requiring more stringent site security, monitoring, and long-term
management.

Hazardous

waste

landfills

are

typically

constructed

with

impermeable natural subsoils or man-made liners that inhibit the movement of
leacha te to ground and surface wa ters. In addition, Jeacha te collection syste ms are
employed to recover any leachate that is genera ted.

Upon closure, impermeable

covers are required to reduce infiltration of leacha te and to reduce the possibility
of contamination of surface water runoff.

Monitoring is required in ground and

surface wa ters around a hazardous waste landfill, and this must be continued on a
regular basis both during operation and following closure for 30 years to provide a
gage of the integrity of the liner and leachate collection system (and of the cover
system, as weH, foHowing closure).
2.5.2.1.17

Land Use Restrictions.

Land use restrictions can sometimes be used

instead of alternative treatment technologies to protect public health and the
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e!1vironment.

As an alternative to groundwater extraction and treatment at the

Line 800 Pink Water Lagoon, land use restrictions that would pre'lent the future
use of contaminated groundwater in the vicinity of the lagoon and offpost along
Brush Creek might be a feasible alternative.
An effective land use restriction would define the location and amount of
land to be under restricted use, and the types of uses that would be prohibited.

In

the case of the Line 800 Pink Water Lagoon, the amount of land subject to
restricted use would depend on the location and extent of the contaminated
groundwater plume in the vicinity of the lagoon, and on predictions of future plume
migration to Brush Creek and then offpost via Brush Creek where potential future
shallow wells along the creek could be recharged. In both the vicinity of the lagoon
up to Brush Creek and at offpost locations along the creek, restrictions could be
placed on the installation of any wells.

For future oHpost wells along Brush

Creek, the restrictions could also take the form of a directive regarding the depths
of future wells constructed (i.e., the wells would have to be sufficiently deep to be
within a zone unaffected by potential contamination at shal10wer depths).

Such

restrictions would have to be legally recorded (e.g., in zonmg ordinances, property
deeds, wel1 construction permitting regulations, etc).
It should be pointed out that the instal1a tion of drinking wel1s in the shal10w
al1uvial aquifer south of IAAP along Brush Creek is highly unlikely. This is because
future development in this flood plain area is unfeasible, the shallow alluvial
groundwa ter is of poor quality (from sources other than IAAP), and current
restrictions exist on the instal1ation of wells in the shal10w alluvium in the area.
To be adequately protective of public health and the environment, the
selected land use restriction(s) would have to include a comprehensive groundwater
monitoring program to track the future migration of the plume, and any other
measures

required

to

ensure

that contaminated groundwater could

not

be

encountered and used in the future.
2.5.2.2

Other Promising Te'chnoIogies.

Two technologies that appear' to have

promise for use at explosive-eontaminated sites in the future are composting and a
white rot fungus process. These are described below.
2.5.2.2.1

Comoosting.

Composting is a biological treatment process used to

degrade bulk quantities or organic-rich solids (Doyle et ~., 1986, Isbister et ~.,
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1982).

For the treatment of organic-contamina ted soil, the soil is mixed with a

plentiful supply of readily biodegradable organic ma terial to provide a food source
for the microorganisms and arranged into piles. The piles are mechanicaIly aerated
to provide oxygen for the microorganisms and control temperature in the pile.
Leachate from the pile is coIlected and treated.

The composting period is

dependent on the initial concentration and biodegradability of the compound(s)
being treated.

Following acclimation of the microorganisms, the rate of degrada-

tion is comparatively rapid, followed by a longer period of a reduced degradation
rate.

During this latter period, the compost piles are usually torn down.

The

compost material is then often repiled and allowed to cure in an area where the
piles receive little maintenance.

After the curing period, which may last several

weeks, the material is usually ready for final disposal.
A full-scale pilot program is being conducted by USATHAMA at

t~e

Louisiana

Army Ammunition Plant (LAAP) to compost explosives-laden soil (Mohrman, 1988).
In these pilot tests, contamina ted soil is mixed with horse manure, horse feed and
other materials, and arranged into static piles.

Contaminated soil makes up only

about 25 percent of the material in the piles. There are three main reasons for the
low soil content of the piles.

First, if explosives are present in too high a

concentrtion, they have a toxic effect on the microbe population in the pile.
Second, the pile must heat up during the decompositon process in order for the
microbe population to grow.

Soil has a high heat capacity and thus wiIl absorb

much of the heat energy genera ted by the decomposing organics.

Finally, soil

consists primarily of inert material and therefore provides little nutrient value to
the compost mix. Large doses of other material must be added to provide a carbon
food source for the microbial popula tion. Indigenous microbes in the soil have been
found to be more effective than activa ted sludge or specially-engineered microbes
for decomposing the explosives, probably because of their natural acclimation to
contaminants in the soil environment.
Test results to date have been very encouraging, as explosive concentrations
were reduced by over 98 percent during a 12-week composting period for the highly
contaminated soil at LAAP. However, low-level explosive contamination remained
in the compost in the 100 mg/kg range.

One possible explanation is that these

residual explosives are tightly absorbed in pores of the soil particles and must
desorb before decomposition can take place.
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Besides the problem of residual

explosvies

remaining

in

the

soil,

a

second

problem

decomposition products have not yet been ide.1tified.

is

that

the

biological

Testing with carbon-j/I-

marked explosive compunds indicates that only a small percentage of the initial
compounds decompose ful1y to carbon dioxide and water.
however, has failed to identify all of the decomposition
additional data are needed to determine

Analytical testing,
products.

Therefore,

whether the final composted product is

free of toxic constituents.
Despite the problems, composting technology is considered very promising
and may be the treatment technology of choice by the early 1990's.

However,

because the soil at IAAP con tains primarily low-level contamina tion and the
technolgoy is not ful1y developed, composting cannot be recommeded for full-scale
implementation at this time.
2.5.2.2.2

White Rot Fungus Process.

Laboratory research on the biological

decomposition of a variety of organic substances by means of the white rot fungus
(WRF) has been conducted by the U.S. Department of Agriculture, USEPA, North
Carolina Sta te University, and other universities (Zurer, 1987). Bench-scale tests
on

the

white

conducted

by

rot fungus (Phanaerochaete chrysosporium) have recenty been
Combustion

Engineering

Environmental,

Inc.

(Combustion

Engineering, 1988). Most of the research and tests have been conducted on aqueous
wastes containing organic materials, including toxic compounds and explosive
constituents such as RDX and TNT.
The WRF produces an enzyme that catalyzes the oxidation of the explosive
molecule. Because the fungus does not perform wel1 when submerged, the benchscale tests have mainly employed rotating biological contactor (RBC) equipment.
An RBC consists of a series of closely-spaced disks mounted on a common shaft
and installed in a tank through which

wastewater passes.

The disks are partially

submerged in the wastewater with about 40 percent of the total disk surface area
in contact with the wastewater.

The disks are rotated, alternately exposing the

disk surfaces to the wastewa ter and air. A biological growth is established on the
disk surface which utilizes cotaminants in the wastewater for food. The thickness
of the biological growth is maintained at 2 to 4 millimeters, with excess biomass
being sheared off into the tank and carried out with the exiting wastewater.
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The research and test results that have been obtained indicate that the WRF
process has promise for treating explosi'/es-contaminated wastewater at a cost

below that of the activated carbon process.

However, because tests to-date have

been limited to bench scale, the effectiveness and reliability of the WRF process
on explosive contaminants need to be demonstrated on a larger scale before this
technology could be recommended for fu11-scale use at IAAP.
2.5.3 Comparati·/e Evaluation of Technology Process Options
As discussed in Section 2.5.1, more than one technology process option may
be feasible for treating a given waste stream. In this study, both carbon adsorption
and UV irradiation/oxidation were concluded to be feasible for treating groundwater and surface water at the Line 800 Pink

Water Lagoon.

These two

technologies are therefore compared in the fo11owing paragraphs. Criteria used in
comparing these technologies include effectiveness, implementability, and cost.
These criteria, which are also used to evaluate and compare site remedial
alterna tives, are described in Section 3.1.
The design basis for comparing the above two technologies is shown in Table
2-1 I.

The design influent concentrations of explosive contaminants represent the

average of concentra tions detected in the nine we11s sampled by Dames &: Moore
(J 986; 1989) that were found to be contaminated with one or more explosive

compounds (See Table 2-12).

These nine we11s are located adjacent to or

downgradient of the Line 800 Pink Water Lagoon.

Of these nine we11s, seven are

insta11ed in the more heavily contaminated ti11 aquifer.

Because only the less

contaminated limestone bedrock aquifer is being considered for treatment, the use
of the more numerous and more contaminated ti11 aquifer analytical data in
computing the average design basis concentrations provides a conservatively high
estimate of the influent contaminant levels.
Two possible sets of design effluent values were considered in this study. The

effluent values in the third column of Table 2-11 represent the tentative goals
established in Section 2.2.1.2 for water to be discharged to Brush Creek (see
Table 2-2), based on NPDES effluent limits at other IAAP outfal1s or the AWSL for
compounds where NPDES limits have not been established. However, as discussed
in Section 2.2.1.2, an alterna te set of effluent limits for discharge of trea ted wa ter
to Brush Creek may be imposed to account for potential human health concerns
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TABLE 2-11
Design Basis Groundwater Treatment System a

Influent
Concen tra tion b
(mg/!)

Effluent
Concentra tion c
(mg/!)

Alterna te
Effluent
Concentra tion d
(mg/I)

HMX

0.08

(e)

NAf

RDX

o.~ I

2.0

0.00~5

1,3-DNB

0.03

0.026

NA

2,~-DNT

O.O~

0.2

NA

2,6-DNT

0.03

0.1

1,3,5-TNB

0.24

0.003

NA

2,~,6-TNT

0.29

0.5

NA

Contaminant

0.00025

aGroundwater pumping rate assumed to be 100 gallons ptr minute (see text for
explanation).
bBased on the average explosive concentrations in contaminated wells sampled by
Dames &: Moore (I986; 1989) On both the till and bedrock) at the Line 800 Pink
Wa ter Lagoon.
cBased on surface water quality goals for discharges to Brush Creek (see Section
2.2.1.2).
dBased on human health concerns at the 10- 6 risk level; see discussion in Sections
2.2.1.1 and 2.2.1.2.
elnc1uded with RDX; see Table 2-2.
f NA = not applicable; concentrations of these compounds in groundwater do not pose
risks at or in excess of the 10- 6 level.
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TABLE 2-12
Concen tra tions 0 f Explosives in We lis Contamina ted Wi th One or More Explosives
A tor Downgradient of the Line 800 Pink Wa ter Lagoon a

Explosive

Concentra tion (ug/!) (Dames &: Moore, 1986)
Bedrock Aguifer
Till Agui fer
G_Iflf
G-112
G-13
G-20
G-17
G-19

--

Concentra tion (ug/!)
(Dames to< Moore, 1989)
Till Aguifer
G-56
G-57
G-58

Average b
Concentra tion
(upjil

1.33

6.3)

80

3.99

37.7

388

111 0

<2.3

<0.61

<0.61

<0.61

30

<0.6

l.4

<0.60

<0.60

<0.60

1,0

33

9.1

7.3

<0.65

<0.65

/.22

30

23.5

2,000

< I.',

17.1

<0.56

<0.56

<0.56

2/,0

1158

767

< 1.9

6.8

<0.73

<0.78

<0.78

290

HMX

<23

<: 115

256

< 23

<23

RDX

8.6

892

885

1,210

..:.7

288

1,3-DNB

<2.3

68.6

118

77

<2.3

2,4-DNT

<0.6

107

66.8

196

2,6-DNT

</.2

100

127

1,3,5-TNB

< 1.4

79

2,4,6- TNT

< 1.9

1,360

<230

</.3

tv
I

'"..,.

a At least one explosive must he present above the detection limit for a well to be considered contaminated.
bWhere the concentration of an explosive was below the detection limit in a well, the detection limit was used in computing
the average.

(see Table 2-1 l, because of the pathway in the future use scenario

which

in

discharges into the creek travel downstream and recharge groundwater offpost in
areas adjacent to the creek. Thus, the alternate effluent limits shown in the fourth
column of Table 2-11 may be applicable, since these are the highest concentrations
that may be discharged into Brush Creek without causing unacceptable human
exposures at a risk level of 10- 6 in this future use scenario.
explosive contaminants of concern,

For most of the

the alternate effluent concentrations in

column 4 are considerably more stringent than the effluent concentrations in
column 3, which are required to maintain surface water quality. As a conservative
design basis, the lower of the two possible effluent concentrations for each
contaminant was selected as the treatment goal for each contaminant of concern,
for the purposes of this comparative evaluation of technology process options.
The design flow rate of wastewater to be fed to the treatment system is 100
gallons per minute (gpm), based on the estimated groundwater pumping rate from
ten extraction wel1s that would be instal1ed near the Line 800 Pink Water Lagoon
(see Section 3.1.3.2.1) to capture the contaminant plume.

The design basis

presented in Table 2-10 was submitted to vendors of carbon adsorption and UV
irradiation/oxidation systems for preparation of preliminary treatment system cost
estima tes.
Both carbon adsorption and UV irradiation/oxidation are effective technologies for

removing

explosives

from

wastewater

streams.

However,

UV

irradiation/oxidation has the advantage of chemical1y destroying the explosive
contaminants.

Carbon adsorption is a mass transfer process which results in

explosive contaminants being adsorbed onto carbon particles. CAC system vendors
have indicated that explosive-containing carbon cannot be regenerated, and therefore must be handled as a hazardous waste (Lesiga, 1988). Incineration of the spent
carbon is recommended, since the spent carbon would contain elevated levels of
explosive substances and could therefore present a hazard if landfil1ed.

In any

event, if the resulting spent carbon were reactive, it would have to be rendered.
unreactive--e.g., by incinera tion--prior to being landfil1ed.·

If the spent carbon

were incinerated and the adsorbed contaminants were thus destroyed, carbon
adsorption and UV irradiation/oxidation would be equal1y effective in reducing
waste toxicity and protecting public health and the environment.
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There are advantages and disadvantages associated with the implementation
of both treatment processes.

Both systems can be delivered as "off the shelf,"

skid-mounted units, which minimizes the cost and inconvenience associated with
starting up the process.

Carbon adsorption would be somewhat easier to operate

than the UV irradiation/oxidation system, since it is a flow-through operation.

A

carbon adsorption unit would require only a cursory daily check to make sure that
there were no leaks in any of the piping. The UV irradiation/oxidation system has
more components that would require attention, including an ozone generator and/or
hydrogen peroxide feed system.

The ozone and hydrogen peroxide dose whould

have to be periodically adjusted to maintain an optimum chemical feed rate.

This

operational disadvantage of the UV system over the carbon system is offset,
however, by the monitoring requirements required for the carbon system to track
when contaminant breakthroughs occur and by the spent carbon disposal requirement.

Thus, the implementability factor is judged to be about even for the two

systems.
The final criterion to be judged is cost.

The following assumptions are

applied in evaluating the present worth costs of the two systems:

(1)

the

groundwater treatment system will be operated for 20 years, and (2) the discount
factor for money will be taken as 10 percent. Only the process-specific items will
be compared in the analysis.

Elements common to both operations--such as the

groundwa ter extraction system, a building to house the unit, piping, intermediate
storage tanks, and pumps--are not included in the analysis.
The capital and operation and maintenance (O&:M) costs of the two treatment
systems are presented and compared in Table 2-12.

These cost

estim~tes

and

associated design practices are based on vendor information and price quotes from
Calgon Carbon Corporation (Lesiga, 1988) for the carbon system, and Peroxida tion
Systems, Inc. (Froelich, 1988) and Ultrox International (Fletcher, 1988) for the UV
irradiation/oxidation

system; IAAP experience (Baxter,

1988); published cost

references; and Dames &: Moore's engineering judgment and experience.
For the carbon adsorption system, a typical carbon usage rate of one pound
per thousand gallons of water treated was assumed.

At the proposed 100-gpm

groundwater pumping rate, approximately 53 million gallons (MG) of water require
treatment annually. This results in a carbon consumption rate of 53,000 pounds per
year.

As discussed previously, the spent carbon would require disposal by
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incinera tion.

There is an onsite incinerator at IAAP, currently opera ting under

RCRA interim status, which is being used to burn spent carbon from IAAP's
industrial wastewater treatment plant.

Whether or not carbon from the proposed

new system could also be incinerated there is uncertain.

If the carbon could be

incinerated there, the unit cost for incineration is estimated to be approximately
$1.53 per pound, based on IAAP's cost of $200,000 to incinerate 131,000 pounds of
waste in 1987: If the carbon needs to be incinerated offsite, the 53,000 pounds of
spent carbon would be loaded into 260 55-gallon drums.

The unit cost for

transporting and incinerating drums of spent carbon is estimated to be $400 per
drum. As shown in Table 2-12, the present worth cost of the carbon system would
be either $1,276,000 or $1,471,000, depending on whether onsite or offsite
incineration were performed.
Costs for the UV irradiation/oxidation systm are also shown in Table 2-13.
According to the vendors, an operating cost of $3.00 per thousand gallons of wa ter
treated should be assumed, based on the performance requirements shown in
Table 2-11. This includes the cost of chemicals (hydrogen peroxide) and electricity
to run the UV lamp and an ozone genera tor.

No residues that would require

additional disposal costs to be incurred remain after treatment. The present worth
cost of this option is estimated to be $1,664,000. Thus, the carbon system would be
less expensive based on the present worth analysis.
Both carbon adsorption and UV irradiation/oxidation satisfy SARA's statutory
preference for permanent treatment solutions to contamination problems.

The

effectiveness and implementability considerations for the two process are about
equal. Since carbon adsorption is the less expensive process, it is judged to be the
best permanent treatment option available for contaminated groundwater and
surface water at the Line 800 Pink Water Lagoon.
Remedial action criteria
corresponding to the 10- 6 risk level were employed in developing the conservative
design specifications used as a basis for comparing the carbon adsorption and UV
irradia tion/oxida tion technologies in this section. The conclusions reached in this
section using the 10- 6 risk level design assumptions are not expected to be
substantially different for the 10- 5 risk level scenario. Thus, the use of a carbon
adsorption system to trea t extracted groundwa ter and surface water in the lagoon
at Line 800 is assumed for the 10- 5 risk level scenario in Section 4.0, as well as the

10- 6 risk level scenario in Section 3.0.
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TA[~LE

2-D

Comparison of Carbon Adsorption and UV Irradiation/Oxidation
Treatment System Costs a

Present

Treatrnent System!

G&M C9~t

(S/yr)

Worth Cost 0
(; InS)

Quanlily

llnil CoSI ($)

Capital Cost ($)

J

100,000

100,000

--

100,000

Carbon replacement

53,000 Jb/yr

0.80/111

'12,000

358 ,000

Carbon incineration

n,ODO Ib/yr

Ln/lb

---

81,000

690,000

260 drums

~OO/drurn

--

EI fluent monitoring

26 analyses/yr

JOO/analysis

Syslem maintenance

--

796 ot capital
cost

CoS! Item

CARIlON ADSORPTION SYSTEM
Carbon column

(onsile C)
Carbon Incineration

(olhitc, incl.
poria lion)

,

N

trans~

a..

00

Total wilh ensile incineration

IO~

,000

88~,OOO

--

8,000

68,000

--

7,000

60,000

100,000

138,000

1,276,000

100,000

161,000

1.~71,OOO

200,000

--

200.000

01 carbon
Total willi of lsi Ie incineration
of carbon

UV InRADlATION/OXI[)ATlON SySTEM

Capital cost
Operating cost
System maintenance

Totah

1

200,000

53 MG/yr

3.00/1000 gal

--

15& ,DOD

1,345,000

--

7% of capital
cost

--

14,000

119,000

200,000

172,000

I ,66/j ,DOD

a See design basis in Table 2-11.
bpresent worth cost based on a 20-year operating period and a 10 percent discount factor.
CUsing IAA P's onsi te incinera tor.

2.5.4 Summerv of AODlicable Remedial Technologies
As a result of the technology screening process described

above, 16 of the

remedial action technologies e'/aJuated were concluded to be most applicable for
use in developing remedial action alternatives in Sections 3.0, 4.0, and 5.0, under
the 10- 6 , JO-5, and JO-4 risk level scenarios, respectively. These technologies are
listed in Table 2-14, together with the media to which each technology
applicable.
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TABLE 2-JlI
Summary of Applicable Remedial Technologies

Applicability to Contaminated Media
Form«r Line I Impoundment
Soil/
Remedial Technology

'",

"a

Sediment

Line 800 Pink IVa ter Lagoon
Soil/Sed imen t/
Sludge

Ground-

Sur race

water

\Va ter

No action

x

X

x

Capping

X

X

X

Groundwater Extraction

X

Groundwater Monitoring

X

Channelization

X

Surface Wa ter Monitoring

X

Surface Water Removal
Excavation

X

Onsite lncinera tion

X

X

Offsite Incineration

X

X

x

x

Onsite Disposal of Incinertion Ash
in Excavated Areas
Disposal of Contaminated Soils/Sediments
from the Former Line I Impoundmen t
in the Line &00 Pink Water Lagoon
Offsite RCRA Landfill
Land Use Restrictions

X

X

X

X

X

X

X

Carbon Adsorption

Surface Wa ter Discharge

x
x

X

x
X

3.0 REMEDIAL ALTERNA TlVES ANALYSIS: 10- 6 RISK LEVEL
3.1

DEVELOPMENT AND SCREENING OF REMEDIAL ACTION AL TERNA TlVES

3.1.1 Introduction
There is usually more than one approach that can be taken to achieve a site
remediation. Remedial alternatives represent these various approaches, which are
developed to provide a basis for the evaluation, comparison, and ultimate selection
of a remedial action plan.

In this section, applicable remedial technologies

identified in Section 2.5.4 are combined into alternatives addressing each medium--

i.e., soil/sediment/sludge, groundwater, and surface water--requiring remediation
under the 10- 6 risk level scenario at IAAP. Overall site-wide remedial alternatives
are then developed by combining appropriate media alternatives, so that each site
remedial alternative to be considered addresses all applicable media and potential
exposure pathways.

The resulting remedial alternatives are then evaluated and

screened against a common set of criteria.
There are three main criteria against which alternatives are judged: effectiveness, implementability, and cost.

Each of these criteria are themselves

composed of several factors, as follows:
•

Effectiveness--factors include both short-ter m (construction-rela ted)
and long-term protectiveness provided by an alternative to public
health and

the environment; ability of an alternative to achieve

reductions of toxicity, mobility, or volume of the waste; and ability of
an alterna tive to comply with ARARs.
•

ImDlementability--factors include

the

technical and administrative

feasibility of constructing, operating, and maintaining treatment or
containment

systems.

Also

included

under

the

implementability

criteria are the availability of equipment, trained personnel, and
contract service firms to handle, treat, or dispose of the waste, plus the
time frame involved in starting and completing remediation work.
•

Costs--factors include capital, O&:M, and service contract costs. Costs
of alternatives are compared on a common, present worth basis in
terms of 1988 dollars.

Capital costs for construction-type activities

that involve the handling of contaminated materials (e.g., excavation,
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•
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Costs--factors include capital, O&M, and service contract costs. Costs of
alternatives are compared on a common, present worth basis in terms of 1994
dollars. Capital costs for construction-type activities that involve the handling of
contaminated materials (e.g., excavation,
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backfilling, capping, etc.) were estimated by increasing the comparable
costs at a conventional, non-contaminated site by a factor of 40
percent.
for

This factor accounts for reduced productivity, requirements

staging

and

decontamination

facili ties,

and

contractor

cos ts

associated with health and safety programs (Rocky Mountain Arsenal
Contamination Control Program Management Team, 1985).
The NCP requires that a broad range of remedial alternatives be considered
during the evaluation phase. To comply with the requirements of the NCP, at least
one alternative from each of the following five categories must be included in the
de'/elopment and screening of remedial alternatives:
1.

No action

2.

Alternatives that do not meet ARARs, but will reduce present or future
risks to public heal th or the environment

3.

Alternatives that meet ARARs

4.

Alternatives that exceed ARARs

5.

Offsi te treatment and/or disposal.

SARA, under whose guidelines this FS is being prepared, contains some
addi tional factors that must be considered during the al terna ti ves eval ua tion and
screening process.

Alternatives that employ source control, offer permanent

solutions, reduce toxicity, mobility or volume of contaminants, and/or utilize an
innovative treatment or resource recovery technology have statutory preference
under SARA.

Discouraged options under SARA include offsite disposal of wastes

without treatment and land disposal in general.

SARA also requires that a no

action alternative be considered in the screening process.
The goal of the screening process is to reduce the candidate alternatives to
be evaluated in detail to a manageable number. The most promising alternatives
are those that are protective of human health and the environment and represent
the best balance of the effectiveness, implementability, and cost criteria in light
of SARA's statutory preferences.

In applying the screening criteria, those

alternatives concluded to be inadequately protective of public health and the
environment or to have serious obstacles to implementation are eliminated from
further

consideration.

Cost

is

employed

mainly

to

discriminate

between

alternatives offering similar levels of public health/environmental protectiveness.
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The NCP requires that a broad range of remedial alternatives be considered during the
evaluation phase. To comply with the requirements, at least one alternative from each of the
following five categories should be included in the development and screening of remedial
alternatives:
1.

No action

2.

Alternatives that do not meet ARARs, but will reduce present or future risks to
public health or the environment

3.

Alternatives that meet ARARs

4.

Alternatives that exceed ARARs

5.

Offsite treatment andlor disposal.

The three criteria used to develop and screen alternatives is found in 40 CFR 300.430(e)(7) and
include effectiveness, implementability, and cost.
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Media alternatives are discussed in Sections 3.1.2 and 3.1.3 for the Former
Line I Impoundment and the Line 800 Pink Water Lagoon, respectively.

In some

instances, the terms Line I and Line 800 are used to designate the areas requiring
remediation at these two study sites.

Site-wide alternatives are then developed in

Section 3.1.4, using media alternatives identified and evaluated in Sections 3.1.2
and 3.1.3. These site-wide alternatives are then evaluated and screened in Section
3.1.5.

The no action alternative, which is required by the NCP and SARA to be

carried through to the detailed analysis to serve as a basis of comparison to the
other remedial alternatives, is discussed in detail in Section 3.2.2.1. The remedial
alternatives selected for detailed analysis in Section 3.2 under the 10- 6 risk level
scenario are summarized in Section 3.1.6.
3.1.2

Develooment

and

Evaluation

of

Media

Alternatives--Former

Line

Impoundment
The only media requIring remediation at Line I under the 10- 6 risk level
scenario are the contaminated soils and sediments in the flood plain and streambed
of Brush Creek.

Alternatives for remediation of these soils and sediments are

discussed ir. Section 3.1.2.1.
3.1.2.1 Soils and Sediments. Alternatives which are applicable to the remediation
of soils and sediments at the Former Line I Impoundment are considered in the
sections that follow. These alternatives are:
•

Channelization and Capping

•

Excavation, On site Incineration, and Onsite .I\sh Disposal

•

Excava tion, Onsite Incinera tion, and Offsi te Ash Disposal

•

Excavation, Offsite Incineration, and Offsite Ash Disposal

•

Excavation and Disposal in Line 800 Pink Water Lagoon

•

Excavation and Disposal in Offsite RCRA Landfill.

3.1.2.1.1 Channelization and Capping
Description. The containment alterna tive under consideration for Line I combines
the technologies of channelizing Brush Creek and capping contaminated areas of
the flood plain (see Section 3.2.2.4 for conceptual design). Channelization would be
performed by widening the existing creek bed and lining it with a trapezoidal-
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Add at the end of Paragraph 3.1.2.1
An alternative utilizing a stabilization technology has not been considered in this report.

Stabilization of explosives-contaminated soils and sludges has not been successfully demonstrated
to date. Studies done by the u.S. Army WateIWays Experiment Station concluded that more
studies were needed to fully defme contaminant mobility characteristics. Stabilization technology
is not recommended for consideration as an alternative for the contaminants at this site.
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shaped concrete channel.

The channel would extend approximately 1,000 feet

upstream from the former dam, which was the downstream boundary of the for:ner
impoundment. The channel would be designed to accommodate the runoff from the
predicted 100-year storm event.

The channelization of the creek bed would be

designed to prevent erosion and migration of contaminated sediments down Brush
Creek.
Parallel to the length of the channel, a day cap would be installed over
contaminated areas on both sides of Brush Creek. The cap would also pass under
the channel and would extend about 200 feet from each edge of the channel. The
cap over the floodplain would be designed to direct runoff into the channel.
purpose of the cap would be two-fold.

The

First, the cap would serve as an erosion

control measure to prevent contaminated soils from being swept into Brush Creek
with storm water runoff.

Secondly, the cap would greatly reduce infiltration of

surface water and leaching of contaminants in the soil and sediments into the
groundwater.
Effectiveness.

Possible construction-related impacts on human health and the

environment include exposure of workers to contaminants by inhalation of dust and
dermal contact, and resuspension of contaminated sediments in Brush Creek during
excavation in the streambed. These potential impacts could be controlled by the
use of water sprays to reduce dust formation, dust masks and protective clothing,
and a silt screen to minimize the downstream transport of any resuspended
sedi ments.
The streambed channel and floodplain caps would provide reliable long-term
containment of the contaminated soil and sediment at Line 1, and should greatly
reduce erosion of contaminated sediments to Brush Creek, growth of vegetation in
contaminated materials, human· or animal contact with contaminated soil or
sediment, and infiltration and leaching of contaminants to groundwater. Although
the soils and sediments at Line I are not considered to be hazardous wastes (as
described in Section 2.3.4), RCRA

capping requirements for landfills/surface

impoundments are considered relevant and appropriate and would be followed in
the design of the capping system.
Implementability. Channelization and capping are commonly-used techniques that
have been employed at many hazardous waste sites.
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No construction difficulties

are anticipated for their implementation.

labor, equipment, and materials

required to implement this alternative are readily available.
A period of 3 to 6 months should be sufficient to construct the proposed
stream channel and cap at line I.
Costs.

The cost to construct the stream channel by excavating the creek bed and

installing the I,OOO-foot-Iong concrete channel is estimated to be $280,000 (see
Section

3.2.2.~

for design basis and cost estimates).

The cost for capping the

flood plain is estimated to be $8~9,000, based on a 9-acre area to be capped, a cap
consisting of 2 feet of clay, and placement and seeding of soil on top of the cap
(see Section 3.2.2.~). The total capital cost to construct the channel and cap at
line I is, therefore, estimated to be $1,129,000. Maintenance of the cap would be
required, but this is expected to add very little to the overall cost.
3.1.2.1.2 Excavation, Onsite Incineration, and On site Ash Disposal
Descriotion. In this alternative, contaminated soils and sediments at Line I would
be excavated and incinerated onsite.
approxima tely 1,000 feet long by

~oo

The area to be excavated at. Line I is
feet wide.

A

~-

to 6-foot-wide strip along

the center line of Brush Creek would be excavated to a depth of about

~

feet. The

remainder of the excavation in the floodplain would be about 2 feet deep.

The

total amount of excavated soils from line I is estimated to be approximately
30,000 cubic yards (c.y.) in place.
The excavated material would be placed in dump trucks and taken to a mobile
rotary kiln incinerator that would be brought to the site.

Incineration services

would be provided by a qualified vendor with experience at similar sites. Soil and
sediments would be fed to the incinerator in bulk.

The incinerator would be

designed to achieve at least 99.99 percent destruction and removal efficiency for
the explosive contaminants, and would be equipped with appropriate polJution
control equipmen t.
Due to the high combustion efficiency of the incinera tor, the ash is expected
to be inert.

A testing program will be used, however, to confirm that the

concen tra tions of explosive contaminants in the ash are below analytical detection
limits and that metals in the ash are within acceptable levels, according to an
appropriate metals leaching test (EP Toxicity or TClP).

Assuming that these

conditions are met, which is likely, the ash would be disposed in the excavated
areas at line 1.
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Effectiveness.

Possible construction ad implementation impacts on human health

and the environment include exposure of workers to contaminants by inhalation of
dust and dermal contact, resuspension of contaminated sediments in Brush Creek
during excavation in the streambed, and release of air emissions from

the

incinerator. These potential impacts could be controlled by the use of water sixays
to reduce dust formation, dust masks and protective clothing, a silt screen to
minimize the downstream transport of any resuspended sediments, and appropriate
air poll ution controls on the incinerator.
Long-term effectiveness would be very good, since the contaminant source
would be removed and incineration is a proven, highly reliable technology for the
permanent destruction of explosbe contaminants.

Therefore, incineration of the

contaminated materials followed by disposal of the ash in the excavated areas
should virtually eliminate the risks of explosive contaminants leaching to groundwater, erosion of contaminated sediments into Brush Creek, growth of vegetation
in contaminated soils, or human or animal contact with contaminants.
Incineration would greatly reduce the toxicity and slightly reduce the volume
of the contaminated soils and sediments.

The incinerator would be designed to

meet RCRA incineration standards and the ash disposal onsite would comply with
State of Iowa Solid Waste Regulations for Sanitary Landfills (see Section 3.2.2.3.8
for detailed regulations).

As discussed in Section 2.3.4, the ash would not be

subject to RCRA regulations.
ImDlementability.

Excavation and incineration are well developed techniques that

have been used at many hazardous waste sites.

Labor, equipment, and materials

required to implement the excavation, ash disposal, and related site work are
readily available.

The excavation could be accomplished by using conventional

techniques along with the appropriate health and safety requirements.
It is important to note that the supply of mobile rotary kiln incinerator units
suitable for use at IAAP is limited.

Thus, relatively long lead times may be

required to make the necessary arrangements to ensure that the incinerator unit(s)
would be available when needed to initiate remedial actions. Therefore, it may not
be possible to initiate remedial alternatives that include onsite incineration as

quickly as other alternatives.
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Replace First Paragraph
Effectiveness. Possible construction and implementation impacts on human health and the
environment include exposure of workers to contaminants by inhalation of dust and dermal contact,
resuspension of contaminated sediments in Brush Creek during excavation in the streambed, and
release of air emissions from the incinerator. These potential impacts could be controlled by the
use of water sprays to reduce dust formation, dust masks and protective clothing, a silt screen to
minimize the downstream transport of any resuspended sediments, and appropriate air pollution
controls on the incinerator.
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Incineration of Line I soils and sediments would most likely be performed in
conjunction with the incineration of the much larger volume and more heavily
comtaminated wastes of Line 800.

The total time required to incinerate the

wastes from both sites is estima ted to be about 4 years, with about 8 percent of
the total being needed for the Line I materials.

These estimated time require-

ments would depend on the size and number of incinerator units employed for these
remedial actions at IAAP.

The estimate of 4 years is based on two incineration

units burning 150 tons/day each.
Costs. The cost for excavation, material handling and hauling, ash redisposal in the
excavated areas, grading, and seeding is estimated to be $519,000 (see Section
3.2.2.3 for cost estimate).
Onsite incineration would be performed on a contract basis by a hazardous
waste incineration firm. Based on discussions between Dames &. Moore and several
incineration

firms

(Ensco,

1988;

IT

Corporation,

1988),

the

unit

cost

for

incinerating the Line I soils and sediments is estimated to be about $250/ton. This
unit cost is based on a total volume of Line I and Line 800 wastes to be incinera ted
of 355,000 c.y. (see Section 3.1.3.1.2).

Assuming that I c.y. weighs 1.1 tons, the

incineration cost for only the Line I wastes would be $8,250,000. The total cost to
implement this media alternative at Line I would then be $8,769,000.
3.1.2.1.3

Excavation,

Onsite

Incineration, and

Offsite

Ash

Disposal.

This

alternative is similar to the Excavation, Onsite Incineration, and Onsite Ash
Disposal alternative discussed in Section 3.1.2.1.2, with the exception that the
incinerator ash would be disposed offsite instead of onsite.

For elements common

to both alternatives, the description, effectiveness, implementability, and costs of
the

excavation and onsite incineration

actions

would be identical

to

those

pre sen ted in Section 3.1.2.1.2. There fore, the follow ing discussion will focus on the
shipmer:>t and disposal of ash offsite.
Description. The envisioned mode of offsite shipment would be to containerize the
incinerator ash in roll off boxes that would be loaded onto flat bed tractor trailers
trucks for full transport to an offsite landfill.
As discussed in Section 2.3.4, the incinerator ash would probably not be
classified as a hazardous waste under RCRA.

Nevertheless, due to possible long-

term liability considerations, the ash should probably not be sent to an offsite
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sanitary landfill, which could leak and cause environmental problems in the future.
The ash from IAAP's existing incinerator used to burn carbon filters and other
explosive wastes is, in fact, disposed at a hazardous waste landfill in Ohio.

For

purposes of this FS, it is therefore assumed that the incinerator ash would be
shipped to a secure RCRA landfill for disposal.
In this alternative, since the ash is shipped offsite, it would be necessary to
obtain clean soil from a nearby location to backfill the excavated area. The clean
fill would be compacted, graded, and revegetated.
Effectiveness.

Disposal of the ash in a secure hazardous waste landfill should

provide a high level of long-term protection of human health and·the environment.
Some risks would, however, result from the transport of the ash on public roads,
although these should be minimal considering the expected inert nature of the ash.
ImDlementability.

No technical or administrative problems are anticipated in

disposing of the ash offsite. Due to the expected benign nature of the incinera tor
ash, it should be possible to identify one or more offsite RCRA landfil1s wil1ing to
accept the ash.
As discussed

In

Section 3.1.2.1.2, it is estimated that about 4 years would be

required to complete the onsite incineration of both the Line I and Line 800 wastes
and to dispose of the ash. The same time frame is applicable to the offsite disposal
alternative.
Costs.

The ash transporta tion and offsite landfill costs are estimated to be

$1,500,000 and $4,000,000, respectively, based on the following assumptions:
soil moisture content of 20 percent, resulting in about a 20

(I) a

percent reduction in

the weight of ash to be landfilled; (2) a commercial landfill disposal cost of
$150/ton; (3) disposal of the ash at a RCRA landfill in Chicago, which at 230 miles
from IAAP is the closest commercial landfill that may be available to receive the
ash; and (4) unit transportation costs of $0.24/loaded ton-mile.

As discussed in

Section 3.1.2.1.2, the estima ted onsite incineration cost for the Line I waste would
be about $8,250,000.

The cost for excavation, backfilling, grading, and seeding

would be about $266,000. Thus, the total estimated cost for this media alternative
is $14,000,000.
3.1.2.1.4

Excavation, Offsite

Incineration, and Offsite Ash

Disposal.

This

alternative is similar to the Excavation, Onsite Incineration, and Offsite Ash
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Disposal alternative discussed in Section 3.1.2.1.3, except that the contaminated
wastes would be shipped offsi te to be incinerated with the ash then being
transported from the offsite incinerator to an offsite landfill.
discussion

will

therefore

focus

on

the

shipment

and

The following

incineration

of

the

contaminated soil and sediments offsite.
Description.

The excavation and offsi te ash disposal actions are described in

Sections 3.1.2.1.2 and 3.1.2.1.3, respectively.
As discussed in Section 2.3.4, the soils and sediments at Line 1 may not be
classified as hazardous wastes under RCRA. Nevertheless, because of the presence
of the explosi'/e contaminants in the wastes, it is recommended that a RCRApermitted, offsite incinerator be used.

The offsite incinerator would probably

consist of a stationary, permanent rotary kiln.
The envisioned mode of transport would be to containerize the contaminated
soils and sediments in roll off boxes, which could be loaded onto flat bed tractor
trailer trucks for bulk transport. The receiving incineration facility would have to
be capable of handling bulk shipments, and have an appropriate feed system for the
incinerator. It is assumed that the incinerator ash would similarly be transported
to the nearest available RCRA landfill.
Effectiveness.

Effectiveness issues associated with the excavation and offsite ash

disposal actions are discussed in Sections 3.1.2.1.2 and 3.1.2.1.3, respectively.

As

in the case of onsite incineration (see Section 3.1.2.1.2), the offsite incinerator
would provide very good long-term effectiveness, since at least 99.99 percent of
the explosive contaminants would be permanently destroyed and the toxici ty of the
wastes would therefore be greatly reduced.
Implementability.

lmplementability issues associated with the excavation and

offsite ash disposal actions are discussed in Sections 3.1.2.1.3.
Offsite incineration of the contaminated soils and sediments may be difficult
to implement. While offsite incineration is technically feasible, most commercial
incineration firms expressed reluctance to accept contaminated soil, especially in
bulk.

,\10st commercial incinerators do not have the equipment needed to handle

and feed bulk soil.

Due to the large volumes of soils and sediments at the Line

and Line 800 sites, placement of these wastes in drums would be impractical.
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Costs. Offsite incineration would be very expensive because of the negligible BTU
content of the wastes, even if an offsite vendor could be induced to treat the soils
and sediments in bulk.

The costs for transport of the contaminated wastes to the

offsite incinerator, incineration of the wastes, transportation of the ash of an
offsite landfilI, and the landfilling of the ash are estimated to be $1,822,000,
$9,900,000, $127,000, and $4,000,000, respectively, based on the folIowing assumptions:

(1) shipment of the contaminated wastes to an offsite incinerator near

Chicago, about 230 miles from IAAP; (2) a unit transportation cost of $0.24/loaded
ton-mile; (3) on offsite incineration cost of $300/ton; (4) a transportation distance
of 20 miles between the incinerator and the offsite landfill; and (5) a commercial
landfilI cost of $150!ton.

As discussed in Section 3.1.2.1.2, the excavation and

rela ted site work at Line I would cost about $266,000.

The total cost for this

alternative would therefore be $16,115,000.
3.1.2.1.5

Excavation and Disposal in Line 800 Pink Water Lagoon.

alterna tive,

contaminated soils and

sediments in the Line

In this

streambed and

floodplain would be excava ted and hauled in dump trucks to Line 800, where the
contamina ted materials from both sites would be consolida ted. The Line 800 area
would then be capped.
The following discussion involves the excavation and related activities at
Line 1. Disposal activities at Line 800 are described in Section 3.1.3.1.1.
Description. Excavation actions at Line I are described in Section 3.1.2.1.2. After
the soils and sediments have been excavated and removed from Line I, clean
backfilI material would be placed in the excavated areas which would then be
regraded and seeded.
Effectiveness.

Short-term effectiveness issues associated with the excavation

activities at Line I are discussed'in Section 3.1.2.1.2. The excavation and removal
of contaminated sediments and soils at Line I would eliminate any long-term risks
at Line I due to erosion of sediments into Brush Creek or contact with surface soils
and sediments. The disposal of these materials in the Line 800 Pink Water Lagoon
would not add any risks at tha t si teo
Imolementability. As discussed in Section 3.1.2.1.2, excavation is a welI developed
procedure used at may hazardous waste sites. AlI resources needed to perform the
excavation action at Line I are readily available.
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A period of one to two months

should be sufficient to implement the excavation, backfilling, regrading, and
seeding activities.
Costs.

The cost for the excavation and hauling of waste to Line 800, regrading,

and seeding action at Line 1 is estimated to be approximately $308,000. The cost
to place and compact the wastes in the Line 800 disposal area is estimated to be
approximately $151,000. Thus, the total cost for this alternative is $459,000 (see
Section 3.2.2.2 for cost estimate).
3.1.2.1.6 Excavation and Disposal in Offsite RCRA Landfill
Description.

In this alternative, the contaminated soils and sediments at Line 1

would be excavated and shipped offsite for disposal. The excavation activities are
discussed in Section 3.1.2.1.2.

After the soils and sediments have been removed

frocn Line 1, clean backfill material would be placed in the excavated areas, which
would then be regraded and seeded.
As discussed in Sections 2.3.4, the contaminated soil and sediment at Line 1
would probably not be

classified as

hazardous wastes.

Nevertheless, it is

recommended that these materials be shipped to a permi !ted, hazardous waste
landfill

for

disposal,

to

minimize

the

potential

for

leakage

of

explosive

contaminants from the offsite landfill in the future, with associated threats to
public health and the environment and economic liability to the Army.

The

excavated materials could be shipped in roll off boxes that are loaded onto flat bed
tractor trailer trucks.
Effectiveness.

Effectiveness issues associated with the excavation and other site-

related activities are discussed in Section 3.1.2.1.2.
Transportation of the contaminated wastes to the offsite landfill on public
roads would entail socne risks due to possible spillage or accidents. The long-term
effectiveness of containing the untreated wastes in a well managed and controlled
offsite RCRA landfill should generally be good, although leakage from the landfill
at some point in the future would be possible.
Implementability.

This alternative is technically feasible.

however, this alternative may be difficult to implement.

Administratively,

A landfill operator that

responsed to Dames & Moore's inquiry about landfilling (CECOS, 1988) expressed
reluctance to accept explosives-contaminated solids, which might possibly be
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interpreted as being K044 waste included in the August 17, 1988, land disposal ban
(see Section 2.3.4).
Costs.

The estimated costs for transporting the Line 1 wastes to the offsite

landfill and for disposing of the wastes at the landfill

are $1,322,000 and

$4,950,000, respectively, based on the following assumptions:

(I) shipment of the

30,000 c.y. of contaminated wastes to an offsite landfill located in Chicago, about

230 miles from IAAP; (2) a uni t transportation cost of $0.24/10aded ton-mile; and
(3) a landfill disposal cost of $150/ton. The cost of excavation and regarding of the

site would be about $266,000.

Therefore, the total cost for this alternative is

$7,038,000.
3.1.3 Development and Evaluation of Medial Alternatives--Line 800 Pink Water
Lagoon

Several media are contaminated at Line 800 and requIre remediation under
the 10- 6 risk level scenario. These include soil, sediments, and sludge; surface
water consisting of the standing water in the Pink Water Lagoon; and groundwater.
Alternatives for remediating these media are discussed in the sections that follow.
3.1.3.1

Soil l Sediment, and Sludge.

Alternatives which are applicable to the

remediation of soils, sediments, and sludge at the Line 800 Pink Water Lagoon are
considered in the sections that follow. These alternatives are:
•
•

Capping
Excavation, Onsite Indneration, and Onsite Ash Disposal

•

Excavation, ansi te Indneration, and Offsi te Ash Disposal

•

Excavation, Offsi te Indneration, and Offsi te Ash Disposal

•

Excavation and Disposal in Offsite RCRA Landfill.

3.1.3.1.1

Capping.

Capping at Line 800 could be used to contain contaminated

soils, sediments, and sludge present at the Line 800 site, and possibly the
contaminated soils and sediments currently present at Line I, which could be
excavated and transported to Line 800 (see Section 3.1.2.1.5).
Description. Prior to the start of capping and related earthwork at Line 800, the
standing water in the lagoon would have to be drained (see Section 3.1.3.3).
Following the removal of the standing water, a clay cap would be installed
over

the

contaminated soils, sediments, and sludge.
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A

drainage layer is

recommended on top of the clay cap.

Due to the lack of free draining material

onsite, a geocomposite drainage net could be used. A layer of top soil would then
be spread on top of the drainage layer.

After the placement of these soils, the

entire area of the cap would be seeded.
The Line 300 Pink Water Lagoon occupies an area of about 5 acres.
Addi tional areas to be capped would include the sludge dumping area to the
southwest of the lagoon and the five former settling basiCls (see Figure 1-4).
Because of construction considerations and uncertainties in the exact extent of
contamination in the vicinity of the lagoon, basins, and sludge dumping area, a
single contiguous area of approximately 12 acres, which would encompass each of
these contaminated areas, would be capped (see Section 3.2.2.2 for conceptual
design).
Effectiveness.

Possible construction-related impacts on human health and the

environment would include exposure of workers to contaminants by inhalation of
dust and dermal contact.

This potential impact could be controlled by the use of

water sprays to control dust formation. Dust masks and protective clothing would
also be used by workers to minimize exposure.
The capping system at Line

300 would be

highly reliable

if

properly

maintained. The cap would prevent direct contact between humans or animals and
contaminated soil, sediments, or sludge, and would greatly

reduce infiltration of

precipitation and leaching of contaminants into the groundwater.

Surface water

removal and capping would also aid in reducing groundwater mounding at the site,
thus alleviating a driving force for contaminant migration. RCRA closure requirements for landfills/surface impoundments are considered to be relevant and
appropriate and would be followed in the design of the capping system.
Implementability. Capping is a commonly used technique that has been employed
at many hazardous waste sites. No serious construction difficulties are anticipated
for its implementation.

Labor, equipment, and materials required to implement

this alternative are readily available.

The only significant complication in

constructing the cap would involve the presence of soft sediments in the lagoon,
which could hinder the use of the required construction equipment. A geotextile
layer would therefore be placed on top of the wet sediments. Once the geotextile
base layer is installed, construction operations would be routine.
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:\ period of less than one year should be sui£icient to complete the capping
system at Line 800.
Costs.

The total cost for constructing the previously described capping system at

Line 800 is estimated to be about $1,990,000 (see Section 3.2.2.2 for conce?tual
design and detailed cost estimate).
3.1.3.1.2 Excavation, Onsite Incineration, and Onsite Ash Disposal
Description.

In this alternative, contaminated soils, sediments, and sludge at Line

800 would be excavated and incinerated and disposed onsite.

Prior to the start of

excavation operations, the standing water in the lagoon would have to be drained
(see Section 3.1.3.3).
Contamination is believed to be present to a depth of 15 feet in the soil and
is spread over an area of approximately 12 acres, encompassing a total volume of
about 280,000 c.y. In addition to the contaminated zone, an additional 45,000 c.y.
would have to be excavated during construction to form stable slopes that could be
accessed by earth moving equipment.

Therefore, the total excavated volume at

the Line 800 site is estimated to be 325,000 c.y.
Groundwater from the surrounding till aquifer would be expected to infiltrate
to some degree into the excavation. Provisions would be made for this by building
temporary sump pits at the bottom of the excavation. The infiltrating groundwater
would be pumped out of the ?its and treated in the same manner as the standing
surface water present in the lagoon (Section 3.1.3.3).
dewatered prior to incineration.

Excavated soil would be

Dewatering would be performed by temporarily

piling the excavated soil in a section of the lagoon and allowing the water to seep
out.

Collected leachate from the dewatering process would be treated together

with the water collected in the sump pits.
The excavated material

would

be

transported to a mobile rotary kiln

incinerator that would be brought to the site.

Incineration services would be

provided by a qualified vendor with experience at similar sites.
and sludge would be fed to the incinerator in bulk.

Soil, sediments,

The incinerator would be

designed to achieve at least 99.99 percent destruction and removal ei£iciency for
the explosive contaminants, and would be equipped with appropriate air pollution
control equipment.
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•

Due to the high combustion efficiency of the incinerator, the ash is expected
to be ine,t.

A testing program would be used to confirm that the expJosi'fe

contaminants In the ash are below analytical detection limits, and that metals in
the ash are within acceptable levels, according to an appropriate metals leaching
test (EP Toxicity or TCLP). Assuming that these conditions are met, the ash would
be disposed in the excavated areas at Line 800. The ash would be compacted, and
additional soils would be needed to backfill the excavated areas. After backfilling
is completed, the Line 800 site would be regraded and seeded.
Effectiveness. Possible construction and implementation impacts on human health
and the environment include exposure of workers to contaminants by inhalation of
dust and dermal contact and release of air emissions from the incinerator. These
potential impacts could be controlled by the use of water sprays to reduce dust
formation, dust masks and protective clothing, appropriate air pollution controls on
the incinerator.
Long-term effectiveness would be very good, since incineration is a proven,

highly

reliable

technology

for

the

permanent

destruction

of

explosive

contaminants. Therefore, incineration of the contaminated materials followed by
disposal of the ash in the excavated areas should virtually eliminate the risks of
explosive contaminants leaching to groundwater, and direct or indirect human or
animal contact with contaminants.
Incineration would greatly reduce the contaminant concentrations in and
toxicity of the soils and sediments.

The incinerator would be designed to meet

R CRA inci ner a tion standar ds and the ash disposal onsi te would com pI y wi th S ta te
of Iowa Solid Waste Regulations for Sanitary Landfills (see Section 3.2.2.3.8 for
detailed regulations).

As discussed in Section 2.3.4, it is believed that the ash

would not be subject to RCRA regulations.
Implementability.

Excavation and incineration are well developed techniques that

have been used at many hazardous waste sites.

Labor, equipment, and materials

required to implement the excavation, ash disposal, and related site work are
readily available.

The excavation could be accomplished by using conventional

techniques along with the appropriate health and safety requirements.
The supply of mobile rotary kiln incinerator units suitable for use at IAAP is
limi ted.

Thus, relatively long lead times may be required to make the necessary
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arrangements to ensure that the incineration uni t(s) would be available when
needed to initiate remedial actions. Therefore, it may not be possible to initiate
remedial

alternati',es

that

include

onsite

incineration

as

quickly

as

other

al terna ti ves.
Incineration

of

Line

800

soils

and sediments

could

be

performed

in

conjunction with the incineration of a much smaller volume of waste at Line I
(although incineration of Line 800 materials alone could be feasible).

The total

time required to incinerate the wastes from both study sites is estimated to be
about 4 years, with about 92 percent of the total being needed for the Line 800
materials.

These estimated time requirements would depend on the size and

number of incinerator units employed for these remedial actions at IAAP.
Costs.

The cost for excavation, material handling and hauling, ash and soil

backfilling in the excavated areas, grading, and seeding is estimated to be about
$6,437,000 (see Section 3.2.2.3 for cost estimates).
Onsi te incineration would be performed on a contract basis by a hazardous
waste incineration firm. Based on discussions between Dames &: Moore and several
incineration

firms

(Ensco,

1988;

iT

Corporation,

1983), the

unit

costs

for

incinerating the Line 800 soils, sediments, and sludge are estimated to be about
$250/ton. This uni t cost is based on a total volume of Line 1 and Line 800 waste to
be incinerated of 355,000 c.y. (see Section 3.1.3.1.2). (This unit cost is expected to
be approximately the same if only Line 800 mateirals are incinerated.) Assuming
that 1 c.y. weighs 1.1 tons, the incineration cost for only the 325,000 c.y. of Line
800 wastes would be about $89,375,000.

The total cost to implement this media

alternative at Line 800 would thus be approximately $95,010,000.
3.1.3.1.3

Excavation, Onsite Incineration, and Offsite Ash

Disposal.

This

alternative is similar to the Excavation, Onsite Incineration, and Onsite Ash
Disposal alternative discussed in Section 3.1.3.1.2, with the exception that the
incineration ash would be disposed offsite instead of onsite.
effectiveness,

implementability,

and

costs

of

the

The description,

excavation

and

onsite

incineration actions would be identical to those presented in Sections 3.1.3.1.2.
The following discussion will, therefore, focus on the offsite shipment and disposal
of ash.
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Description.

The envisioned mode of shipment would be to containerize the

incinerator ash in roll off boxes that would be loaded onto flat bed tractor trailer
trucks for bulk transport to an offsite landfill.
As discussed in Section 2.3.4, the incinerator ash probably would not be
classified as a hazardous waste under RCRA.

Nevertheless, due to possible long-

term liability considerations, the ash should probably not be sent to an offsite
sani tary or other nonhazardous waste landfill, which could leak and cause environmental problems in the future.

The ash from IAAP's existing incinerator used to

burn carbon filters and other explosive wastes is, in fact, disposed at a hazardous
waste landfill in Ohio. Therefore, for purposes of this FS, it is

assumed that the

incinerator ash would be shipped to a secure RCRA landfill for disposal.

The

excavated area at Line 800 would require backfilling, grading, and revegetation.
Effectiveness.

Disposal of the ash in a secure hazardous waste landfill equipped

wi th leachate controls should provide a high level of long-term protection of human
health and the environment. Some risks would, however, result from the transport
of the ash on public roads.
Implementability.

No technical or administrative problems are anticipated in

disposing of the ash offsite. Due to the expected benign nature of the incinerator
ash, it should be possible to identify one or more offsi te RCRA landfills willing to
accept the ash.
As discussed in Section 3.1.3.1.2, it is estimated that about 4 years would be
required to complete the onsite incineration of both the Line I and Line 800 wastes
and to dispose of the ash offsi teo
estimated

treatment

time

would

If only Line 800 wastes were incinerated, the
be

reduced

by

only

about

4 months

to

approximately 44 months, since Line 800 contains more than 10 times the volume
of contaminated materials at Line 1.
Costs.

The ash transportation and offsi te landfill costs are estimated to be

$15,787,000 and $42,900,000, respectively, based on the following assumptions: (I)
a soil moisture content of 20 percent, resulting in about a 20 percent reduction in
the weight of ash to be landfilledj (2) a commercial landfill cost of $150/tonj (3)
disposal of the ash at a RCRA landfill in Chicago, which at 230 miles from IAAP is
the closest commercial landfill that may be available to receive the ash; and (4) a
transportation cost of $0.24/loaded ton-mile. As discussed in Section 3.1.3.1.2, the
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estimated onsi te incineration costs for the 325,000 c.y. of Line 800 wastes would
be about $89,375,000.

Including costs for excavation, dewatering, backfi11ing,

regrading, and seeding, the total cost for this alternative is estimated as fo11ows:
Excavation, Loading, and Hauling

$

3,669,000

Dewatering and Water Treatment

28,000

Backfilling and Fixing Borrow Source
Regrading

6:

4,491,000

Seeding

50,000

Onsite Incineration

89,375,000

Ash Transportation

15,787,000

Otisi te Landfill Disposal

42,900,000

Total

$156,300,000

The estimated cost for backfi11ing of the excavated area at Line 800 assumes that
clean soil would be available from an onsite borrow area.
3.1.3.1.4

Excavating, Offsite Incineration, and Offsite Ash Disposal.

This

alternative is similar to the Excavation, Onsite Incineration, and Otisite Ash
Disposal alternative discussed in Section 3.1.3.1.3, except that the contaminated
wastes would be shipped offsi te to be incinerated, with the ash then being
transported from the offsite incinerator to an oitsite landfill instead of the
incineration being performed onsi te with the ·ash being shipped directly to an
offsite landfill. The following discussion wi11, therefore,. focus on the shipment and
incineration of the contamination soil and sediments oitsite.
Description.

The excavation and offsite ash disposal actions are described in

Sections 3.1.3.1.2 and 3.1.3.1.3, respectively.
As discussed in Sections 2.3.4, it is believed that the soils and sediments at
Line 800 may not be classified as hazardous wastes under RCRA, although the
smaller volume of sludge at the sludge dumping area and possibly sludges in the
lagoon may represent a listed hazardous waste (K044). Because of the presence of

explosive compounds in a11 of the Line 800 contaminated wastes, it is recommended
that a RCRA - permitted offsite incinerator be used. The oitsite incinerator would
probably consist of a stationary, permanent rotary kiln.
The envisioned mode· of transport woufd be to containerize the contaminated
soils and sediments in ro11 off boxes which could be loaded onto flat bed tractor
trailer trucks for bulk transport. The receiving incineration facility would have to
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be capable of handling bulk shipments, and have an appropriate feed system for the
incinerator.

The incinerator ash would similarly be transported to the 'nearest

available RCRA landfill, which, in some cases, may already be part of the
incinerator vendor's facility.
Effectiveness. Effectiveness issues associa ted with the excavation and offsite ash
disposal actions are discussed in Sections 3.1.3.1.2 and 3.1.3.1.3, respectively.

As

in the case of onsite incineration (see Section 3.1.3.1.2), the offsite incinerator
would provide very good long-term effectiveness, since at least 99.99 percent of
the explosive contaminants would be permanently destroyed and the toxicity of the
waste would, therefore, be greatly reduced.
Implementa~i1ity.

Implementability issues associated with the excavation and

offsite ash disposal actions are discussed in Section 3.1.3.1.3.
Offsite incinera tion of the contamina ted soils and sediments may be difficult
to implement. While offsite incineration is technically feasible, some commercial
incinera tion firms expressed reluctance to accept contamina ted soil, especially in
bulk.

Most commercial incinerators do not have the equipment needed to handle

the feed bulk soil. Due to the large volumes of soils, sediments, and sludge at the
Line 800 site, placement of these wastes in drums would be impractical.
Costs. Offsite incineration would be very expensive, because of the negligible BTU
content of the wastes, even if an offsite vendor could be induced to treat the soils
and sediments in bulk. The total cost for this alterna tive is estimated as follows:
Excavation

$

Backfilling and Fixing Borrow Source

3,669,000
4,491,000

Regrading and Seeding

50,000

Dewatering and Water Treatment

28,000

Offsite Incineration

107,250,000

Transporta tion of Waste
to Offsite Incinera tor

19,734,000

Transporta tion of Ash
to Offsite Landfill

1,372,800
42,900,000

Offsite Landfill Disposal
Total

$179,445,000
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Assumptions employed in developing this cost estimate are as folJows: (1) shipment
of 325,000 c.y. of contaminated wastes to an offsite incinerator near Chicago,
about 230 miles from IAAP; (2) a unit transportation cost of $0.24/loaded ton-mile;
(3) an offsite incineration cost of $300/ton; (4) a transportation distance of 20
miles between the incinerator and the offsite landfilJ; (5) a commercial landfilJ
cost of $150/ton; and (6) a weight of 1.1 tons per c.y. of waste.
3.1.3.1.5 Excavation and Disoosal in Offsite RCRA LandfilJ
Descriotion.

In this alternative, the contaminated soils, sediments, and sludge at

Line 300 would be excavated and shipped offsite for disposal.
activities are discussed in Section 3.1.3.1.2.

The excavation

After the soils, sediments, and sludge

have been removed from Line 300, clean backfilJ material would be placed in the
ex cava ted area, which would then be regraded and seeded.
As discussed in Sections 2.3.4, it is believed that the contamina ted soil and
sediment at Line 300 may not be classified as hazardous wastes under RCRA. The
smalJer volume of sludge at the sludge dumping area and in the lagoon may,
however, be a listed hazardous waste (K044). Nevertheless, it is recommended that
alJ of these wastes be shipped to a permitted hazardous waste landfilJ for disposal
to minimize the potential for leakage of explosive contaminants from the offsite
landfill in the future, with associated threats to public health and the environment
and economic liability to the Army.

The excavated materials could be shipped in

rolJ off boxes that are loaded onto flat bed tractor trailer trucks.
Effectiveness. Effectiveness issues associa ted with the excavation and other siterelated activities are discussed in Section 3.1.3.1.2.
Transportation of the contaminated wastes to the offsite landfill on public
roads would entail some risks due to possible spilJage or accidents. The long-term
effectiveness of containing the untreated wastes in a welJ managed and controlled
offsite RCRA landfilJ should generalJy be good, although leakage from the landfilJ
a t some point in the future would be possible.
lmplementability.

This alternative is technically feasible.

however, this alternative may be difficult to implement.

Administratively,

A landfilJ opera tor that

responded to Dames &:. Moore's inquiry about JandfilJing (CECOS, 1933) expressed
reluctance

to

accept explosives-eontamina ted solids,

which

may possibly be

interpreted as being K044 waste included in the August 17, 1933, land disposal ban
(see Section 2.3.4).
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Costs.

The estimated costs for transporting the Line 800 wastes to the offsite

landfill and for disposing of the wastes at the landfjlJ are $19,734,000 and
$53,625,000, respectively, based on the following assumptions: (I) shipment of the
325,000 c.y. of contaminated wastes to an offsite landfiJl located in Chicago, about
230 miles from lAAP; (2) a unit transportation cost of $0.24!loaded ton-mile; and
(3) a landfill disposal cost of $150!ton.

there fore,

be $81,597,000,

The total cost for this alternative would,

including dewa tering, dewatering, excavation and

recla ma tion si te reclamation.
3.1.3.2

Groundwater.

There are two courses of action that could :,e followed at

Line 800 to prevent humans from being exposed to contamina ted groundwa ter. One
alternative would be to extract and treat the groundwater, thereby capturing and
cleaning the contamina ted groundwa ter and containing and ultima tely dissipating
the contaminant plume.

The other alternative would be to impose land use

restrictions to prevent unauthorized use of the contaminated groundwater.

These

two alternatives are discussed in Section 3.1.3.2.1 and 3.1.3.2.2, respectively.

In

addition, the groundwa ter monitoring progra ms that would be used in conjunction
with

each

of

the

media

alternatives

under

consideration

are

discussed

in

Section 3.3.2.3.
3.1.3.2.1

Groundwater Extraction and Treatment

Description. At this site, contamination is present in both the shaJlow till aquifer
and the deeper limestone aquifer.

The till water-bearing zone is located in clay

which greatly retards lateral migration, although rapid vertical migration appears
to have occurred.

The shaJlow limestone aquifer appears to provide the only

pathway for contaminants to migrate beyond the immediate vicinity of the lagoon.
For these reasons, and because the groundwater yield from the till would be
extremely low, the groundwa ter extraction wells would be drilled and screened in
the shallow limestone aquifer.
The groundwater extraction system would consist of 10 to 12 weJls pumping a
total of about 100 gpm (see Appendix B for discussion and rationale).

The well

system would be designed to intercept and contain the contaminant plume, thereby
halting any further migration.

Under the 10- 6 risk level scenario, the groundwa ter

extraction system is assumed to be required for a 20-year period. Cleanup of the
shallow limestone aquifer would be expected to have an indirect cleansing effect
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on the till aquifer as well.

The extraction of groundwater from the limestone

aquifer would be expected to result in greater infiltration of contaminated water
from the till aquifer, resulting in a partial cleanup of the till aquifer.
groundwa ter

extraction

contaminated

materials

would
left

the

lower
In

place

may

wa ter
no

table
longer

somewha t,
be

In

Also,

so

that

contact

with

groundwa ter.

The extracted groundwater would be treated by a carbon adsorption syste en
(see Sections 2.5.2.1.9 and 2.5.3). The treated groundwater would be discharged to
Brush Creek under an NPDES permit. When saturation of the carbon in the adsorption system occurs, the spent carbon would be disposed by incineration either at
IA/,P's existing onsite incinera tor, if possible, or offsite.
Effectiveness.

The groundwater extraction and treatment system should be very

reliable and effective for containing the contaminant plume at Line 800 and for
removing explosive contaminants from the treated groundwater prior to discharge
to Brush Creek. By preventing further migration of the plume and by effectively
treating the groundwater prior to discharge, water quality in Brush Creek would be
protected.
The

carbon

adsorption

system

would

be

de~igned

to

meet applicable

regula tory requirements, including effluent guidelines for explosives manufacturing
(40 CFR Part 257) and applicable water quality criteria for Brush Creek.

In

addition, incineration of the spent carbon would be carried out in compliance with
RCRA incinerator standards and other applicable air quality standards.
The mobility of the groundwater contaminants would be reduced by the use of
the extraction wells to contain the plume and thereby limit its migration. The use
of the extraction wells and carbon adsorption would reduce the concentration of
contaminants in and toxicity of the contaminated groundwater.

As pumping

continues, groundwater quality would improve as contaminated waters are rep1ced
by recharging fresh waters.

Incineration of the spent carbon would permanently

destroy the adsorbed explosive contaminants.
lmplementability. The use of extraction wells at sites similar to IAAP is routine,
and no unusual well instal1a tion proble ms are anticipa ted.
Carbon adsorption units are commonly used to remove a wide variety of
organic contaminants from groundwater and other types of wastewater, including
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explosive contaminants.

Skid-mounted units can be purchased or rented from

vendors, and require little assembly.

As discussed in Section 2.5.2.1.9, existing

carbon adsorption units that are currently used to treat industrial effluents at
IAAP's LAP lines could also be considered for treatment of the contaminated
groundwater at Line 800.
Costs.

The estimated capital and 0&:.''1\ costs for

the previously described

groundwater extraction and treatment system are as follows (see Section 2.5.3 for
design basis and Sections 2.5.3 and 3.2.2.2 for details of cost estimates).
Capi tal Cost
Carbon Column

Annual
$

100,000

0&:~1

Carbon Replacement

Cost
$

/;2,000

Extraction Wells

29,000

Carbon Disposal

Pumps and Piping

/;/;,000

Effluent Moni toring

8,000

System 0&:.''1\

7,000

/;,000

Housing
Total

$

177,000

Total

S 1,000

$

138,000

These cost estimates are based on the following assumptions: (I) 12 wells drilled to.
a depth of approximately 60 feet, at a unit cost of $~O/linear foot (1.£.); (2) use of a
building to house the carbon adsorption system; (3) pumping of treated water about
2,000 feet to Brush Creek via a /;-inch ductile iron pipe, at an instalJed cost of
$12.90 per I.£., including excavation and backfilJ; (/;) pumps for the extraction
system and treated water at a cost of $18,000; and (5) a carbon usage rate of I
lb/!,OOO galJons of water treated. Other assumptions employed in developing these
estimates are presented in Section 2.5.3.
3.1.3.2.2 Land Use Restrictions
Description.

Land use restrictions can sometimes be used instead of alternative

treatment technologies to protect public health and the environment.

As an

alternative to groundwater extraction and treatment at the Line 800 Pink Water
Lagoon, land use restrictions that would prevent the future use of contaminated
groundwater in the vicinity of the lagoon and offpost along Brush Creek may be a
feasi ble approach.
An effective land use restriction would define the location and amount of
land to be under restricted use, and the types of uses that would be prohibited. In
the case of the Line 800 Pink Water Lagoon, the amount of land subject to
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restricted use would depend on the location and extent of the contaminated
groundwater plume in the vicinity of the lagoon, and on predictions of future plume
migra tion to Brush Creek and then offpost via Brush Creek where potential future
shallow wells along the creek could be recharged.

Restrictions may be imposed on

the installation of any new wells in both the on-post area between the lagoon and
Brush Creek and offpost locations along Brush Creek.

Such restrictions are, in

fact, currently in place for wells in the shallow alluvial aquifer along Brush Creek
(i.e., such wells are not currently permitted to be installed).

For future offpost

wells along the creek, the restrictions could also take the form of a directive
regarding the depth of future wells constructed (i.e., the wells would have to be
sufficiently deep to be within a zone unaffected by potential contamination at
shallower depths). Any such restrictions would have to be legally recorded (e.g., in
zoning ordinances, property deeds, well construction permitting regulations, etc.).
Effectiveness. To be effective, the future migration of contaminated groundwater
offpost would have to be reliably predicted and monitored, and adequate land use
restrictions would have to be imposed to ensure that the public would not be
exposed to contaminated groundwater.

If the contaminated plume was to migrate

beyond the restricted land area, or the land use restrictions proved to be
ineffective in the future, the public could be exposed to unacceptable levels of
some explosive contaminants.
This alternative would result in no reduction m the toxicity, volume, or
mobility of the contamina ted groundwa ter.
Implementability.

Land use restrictions should not be difficult to implement on-

post, due to the Army's direct control over all on-post activities.

However, the

imposition of effective land use restrictions off-post would be more difficult to
implement depending on the cooperation received from local and State regulators
and the surrounding community.

The acceptability of land use restrictions to

regulators and the community is uncertain.

Cost.

Restricting the use of land for the foreseeable future obviously decreases

the value of that land.

The actual cost associated with land use restrictions is

difficult to estimate, due to uncertainties in the areas that would be affected and
in possible future uses for that land. However, because the land is in a rural area
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and there are no known plans to develop the area, this cost is expected to be minor
in comparison to that of other media alternatives that would considered for
implementation.
3.1.3.2.3 Groundwater :Vlonitoring
Description.

Groundwater

monitoring

programs

would

be

implemented

in

conjunction with each of the soil/sediment/sludge and groundwater media alternatives discussed in Sections 3.1.3.1 and 3.1.3.2.

The various scenarios and their

recommended groundwater monitoring programs are as follows:
•

Excavation (of soils, sediments, and sludge) and groundwater extraction
and treatment--Due to the reliability and comprehensiveness of these
actions,

only

five

wells

to

be

sampled semi-annually

would

be

recommended.
•

Containment (by capping at Line &00) and groundwater extraction and
treatment--Since these actions are somewhat less effective than the
previous scenario employing excavation, eight monitoring wells to be
sampled semi-annualIy would be recommended.

•

Land use restrictions (combined with either containment or excavation
actions for soils, sediments, and sludge)--Since the risk of public
exposure to unacceptable levels of contaminants is much higher for this
scenario, a more extensive program, consisting of 11 wells to be
sampled on a quarterly basis, would be recommended.

For each of the above scenarios, the groundwater samples would be analyzed
for the explosive contaminants of concern in the Line &00 groundwater, and the
explosives and metals of concern in

the

soils,

sediments, and sludge

(see

Section 1.2.4.2).
Effectiveness. RCRA groundwater monitoring requirements would be relevant and
appropriate at Line &00.

The intent of 40 CFR Part 264, Subpart F, would

therefore be met in the design of the groundwater monitoring program.

When

combined with other appropriate media alternatives, groundwater monitoring at
Line 300 when help ensure the long-term effectiveness of the implemented
alternatives,

and would permit additional corrective measures to be adopted in

case unanticipated problems should occur in the future.
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Implementability.

The use of groundwater monitoring wells is routine, and no

difficulties are anticipated at lAAP.

Groundwater monitoring is expected to be

required for about 20 years in the case of all alternatives employing groundwater
extraction and treatment.

For alternati'/es employing land use restrictions,

groundwater moni toring is assumed to be continued for a period of 30 years.
Costs.

For all alternatives employing groundwater extraction and treatment,

existing moni toring wells would be used for the moni toring program; thUS, no well
installation costs would be incurred. It is estimated that three new wells would be
required for each alternative that includes land use restrictions.

The total

estimated cost to install these new wells would be $56,300.
For

the

excavation/groundwater

extraction

and

treatment alternati'/es

employing five wells to be sampled semi-annually, the annual cost for groundwater
monitoring would be $5,200.

For the containment/groundwater extraction and

treatment alternatives employing eight wells to be sampled semi-annually, the
annual cost would be $3,300. For all alternatives using land use restrictions, which
would employ 11 wells sampled quarterly, the annual cost would be $22,900. All of
these estimates are based on an analysis cost of $520/sample.
3.1.3.3 Surface Water. The removal and treatment of standing water in the Line
800 Pink Water Lagoon is a prerequisite to the excavation, treatment, or
containment of contaminated soils at the Line 800 si te.

As such, a surface water

action will be an integral part of any Line 800 remediation alternative.
3.1.3.3.1 Surface Water Removal and Treatment
Description. Prior to initiating earthwork at Line 800, the free water in the lagoon
would be pumped directly to the carbon adsorption treatment system, or to tanker
trucks for transport to the treatment system.
The lagoon area normally covers approximately five acres.

If 2 feet of

standing water are assumed held in the lagoon, then approximately 3.3 million
gallons of water would require treatment. However, the quantity of standing water
in the lagoon can vary markedly, depending on the season of the year and prevailing
weather conditions.

During the drought conditions in the summer of 1988, we

understand that the area of standing water had receded to cover less than three

acres.
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Two options are potentially available for surface water treatment.

One

option would be to utilize excess capacity available at IAAP's industrial wastewater treatment plant or LAP lines. These facilities utilize carbon filters which
would be very effective in removing the contcminants present in the lagooned
water.

The second option would be to utilize the same carbon adsorption system

that would be employed to treat contaminated groundwater (see Section 3.1.3.2.1),
if this is different from the plant's own facilities.
The treated surface water would be discharged to Brush Creek under an
NPDES permit.
Effectiveness.

As

discussed

for

the

groundwater

treatment

system

(see

Section 3.1.3.2.1), the surface water treatment system would be very reliable and
effective in removing explosive contaminants from the surface water prior to
discharging to Brush Creek, and in meeting all applicable discharge regulations.
The carbon adsorption system would also be expected to remove a high percentage
(up to 50 percent or more) of any heavy metals present in the surface water
(Patterson, 1985).
In addi tion, removal of the surface water from the lagoon would also reduce
infiltration and leaching of contaminants to groundwater, and would aid in
alleviating the existing mounding conditions than can serve as a driving force for
contaminant migration.
Implementability.
forward.

Pumping of standing water from the lagoon would be strating-

As discussed in Section 3.1.3.2.1 for groundwater treatment, the use of

carbon adsorption to treat explosive-contaminated wastewaters is common and
routine.

Thus, no implementation problems are anticipated for the surface water

removal and treatment alternative.
Costs. The estimated operating cost to pump and treat approximately 3.3 million
gallons of surface water is $28,000.

This cost assumes that a carbon adsorption

system will already be available onsite, and includes the costs of fresh carbon,
carbon incineration, and surface water pumping.
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3.1.4 Development of Site-Wide Remedial Alternatives
In this section, the media alternatives described in Sections 3.1.2 and 3.1.3
for the Line I and Line 800 areas, respectively, have been combined to form
overall, site-wide remedial alternatives, to serve as the basis for screening and
comparing alternatives (see Section 3.1.5) and ultimately

for selecting and

recommending a preferred alternative for implementation at IAAP. A broad range
of alterna tives to be included in the screening process was developed by defining 15
site-wide alternatives employing different remedial technologies and remedial
action approaches.
As discussed in Section 3.1.1, the NCP requires that each of five general
ca tegories involving varying degrees of compliance with ARARs and protection of
public health and the environment be represented in the array of remedial
alternatives evaluated in the alternatives screening process.

Each of the 15

remedial alternatives being considered at IAAP fall into one or more of these five
NCP ca tegories.
The basic components of each of the 15 site-wide remedial alternatives are
listed below, together with a short descriptive title to be used for convenient
reference in subsequent sections of this report.

In addition to these listed

components, the following technologies and operations would be present as part of
each of the site-wide remedial alternatives, with the exception of the no action
alternative:
•

Groundwater monitoring at the Line 800 site.

•

Surface water removal and treatment at the Line 800 lagoon.

•

Discharge of treated surface water and, in some cases, treated groundwa ter at Line 800 to Brush Creek.

The 15 site-wide alterna tives--each of which includes actions for both the
Line I and Line 800 areas--are as follows:
Alterna tive I - No Action
Line I Action:

No Action

Line 800 Actions:

No Action
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Alternati,te 2 - Containment In-Place at Line I and Line 800; and Groundwater
Extraction/Treatment at Line 800
Line I Action:

Cap Streambed and

Floodplain and

Channelize Brush

Creek
Line 300 Actions:

Cap Soils/Sediments/Sludge
Groundwater Extraction and Treatment

Alternative 3 - Containment In-Place at Line I and Line 300; and Land Use
Restrictions at Line 800
Line 1 Action:

Cap Streambed and Floodplain and

Channelize Brush

Creek
Line 800 Actions:

Cap Soils/Sediments/Sludge
Land Use Restrictions (for Groundwater)

Alternative 4 - Excavation at Line ,I and Line 300 and Disposal in Offsite RCRA
Landfill; and Groundwater Extraction/Treatment at Line 800
Line I Actions:

Excavate Soils and Sediments
Dispose in Oflsi te RCRA Landfil1

Line 300 Actions:

Excavate Soils/Sediments/Sludge
Dispose in Offsite RCRA Landfil1
Groundwater Extraction and Treatment

Alternative 5 - Excavation at Line I and Line 800 and Disposal in Offsite RCRA
Landfil1; and Land Use Restriction at Line 800
Line

j

Actions:

Excavate Soils and Sediments
Dispose in Oflsi te RCRA Landfil1

Line 800 Actions:

Excavate Soils/Sediments/Sludge
Dispose in Offsite RCRA Landfill
Land Use Restrictions (for Groundwa ter) .

Alternative 6 - Excavation at Line I and Disposal at Line 800; and Capping and
Extraction/Groundwater Treatment at Line 800
Line

j

Actions:

Excavate Soils and Sediments
Dispose at Line 800 Pink Water Lagoon
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Line 300 Actions:

Cap Soils/Sediments/Sludge
Groundwater Extraction and Treatment

Alternative 7 - Excavation at Line I and Disposal at Line 800; and Capping and
Land Use Restrictions at Line 800
Line I Actions:

Excavate Soils and Sediments
Dispose at Line 800 Pink Water Lagoon

Line 800 Actions:

Cap Soils/Sediments/Sludge
Land Use Restricitons (for Groundwater)

Alternative 8 - Excavation, Onsite Incineration, and Onsite Ash Disposal at Line
and Line 800; and Groundwater Extraction/Treatment at Line 800
Line I Actions:

Excava te Soils and Sediments
Incinerate Onsite
Dispose of Ash On site

Line 800 Actions:

Excavate Soils/Sediments/Sludge
Incinerate Onsite
Dispose of Ash Onsi te
Groundwater Extraction and Treatment

Alterna tive 9 - Excavation, Onsite Incineration, and Onsite Ash Disposal at Line I
and Line 800; and Land Use Restrictions at Line 800
Line I Actions:

Excavate Soils and Sediments
Incinera te Onsi te
Dispose of Ash Onsite

Line 800 Actions:

Excavate Soils/Sediments/Sludge
Incinerate Onsite
Dispose of Ash Onsi te
Land Use Restrictions (for Groundwater)

Alternative 10 - Excavation, Onsite Incineration, and Offsite Ash Disposal for Line
I and Line 800; and Groundwater Extraction/Treatment at Line 800
Line I Actions:

Excavate Soils and Sediments
Incinera te ansi te
Dispose of Ash Offsite
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Line 800 Actions:

Excavate Soils/Sediments/Sludge
Incinerate Onsite
Dispose of Ash Offsi te

Groundwater Extraction and Treatment
Alternative 11 - Excavation, Onsite Incineration, and Offsite Ash Disposal for Line
I and Line 800; and Land Use Restrictions at Line 800
Line I Actions:

Excavate Soils and Sediments
Incinera te Onsi te
Dispose of Ash Offsite

Line 800 Actions:

Excavate Soils/Sediments/Sludge
Incinera te Onsi te
Dispose of Ash Offsite
Land Use Restrictions (for Groundwater)

Alternative 12 - Excavation, Offsite Incineration, and Offsite Ash Disposal for Line
I and Line 800; and Groundwater Extraction/Treatment at Line
800
Line I Actions:

Excavate Soils and Sediments
Incinera te Offsi te
Dispose of Ash Offsite

Line 800 Actions:

Excavate Soils/Sediments/Sludge
Incinerate Offsite
Dispose of Ash Offsi te
Groundwater Extraction and Treatment

Alternative 13 - Excavation, Offsite Incineration, and Offsite Ash Disposal for Line
I and Line 800; and Land Use Restrictions at Line 800
Line I Actions:

Excavate Soils and Sediments
Incinera te Offsi te
Dispose of Ash Offs! te

Line 800 Actions:

Excavate Soils/Sediments/Sludge
Incinerate Offsite
Dispose of Ash Offsite
Land Use Restrictions (for Groundwater)
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Alternative 14 - Channelization and Capping at Line I; and Excavation, Onsite
Incinera tion,

Onsi te

Ash

Disposal,

and

Groundwa ter

Extraction/Treatment at Line 800
Line I Action:

Cap Streambed and

Floodplain and

Channelize Brush

Creek
Line 800 Actions:

Excavate Soils/Sediments/Sludge
Incinera te Onsite
Dispose of Ash Onsite
Groundwa ter Extraction and Treatment

Alternative 15 - Channelization and Capping at Line I; and Excavation, Onsite
lncinera tion, Onsi te Ash Disposal, and Land Use Restrictions at
Line 800
Line I Action:

Cap Streambed and Cap Floodplain and Channelize Brush
Creek

Line 800 Actions:

Excavate Soils/Sediments/Sludge
Incine ra te Onsi te
Dispose of Ash Onsite
Land Use Restrictions (for Groundwa ter).

In Table 3-1, these 15 site-wide remedial alternatives are grouped
of the five previously discussed NCP categories, and are summarized

In

In

terms

terms of

their component media alternatives and remedial technologies.
3.1.5 Screening and Comparison of Sitewide Remedial Alternatives
In this section, the 15 alternatives that were developed in Section 3.1.4 are
screened to select the most promising alternatives to carry through to the detailed
analysis phase.

The assembled alternatives are evaluated against the criteria of

effectiveness, implementability, and cost, in judging which alternatives appear
most promising.
The NCP requires that a broad range of remedial alternatives be considered
during the evaluation phase. As required, alternatives from each of the five NCP
categories were developed and evaluated.
NC? ca tegories are:
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As discussed in Section 3.1.1, the five

TABLE 3-1
Summary Descriptions of Site-Wide Remedial Alternatives
and Grouping in Terms of the Five NCI' Categories
Olhlt~

Oocs Nol Meet AllAn~,

N.
Action
Rewed!;ll Allerlaliye NumlKn
line I Media Allcrn .. llvu

I

No ACliQfl

X

BUI 'l(ill Reduce Prescnt or
Future Risks to 'he [nvironrncnl
)

,

7

,

II

X

e..C.lvUt 501h and Scdirncnu

X

IncinculC: Ofnilc

X

X

X

X

Incloerouc Olhllc

W

A!lAlh

Il

2

• , • "

X

X

X
X

X

X

10

12

X

X

X

X

X

Coa)

X

X
X

X

X

X

X

X
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i1'ld/ur
~o\i11

X

X
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Dhpo~1

E.ccc ..h

X
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Soil

MeelS

AIlARs

X

Dhpok 01 Ash Onsile (in f.U .... lcd Area)

Dlspolc 01

Il

X

Ct.&nncliUlion and Capping

T,c.lIUlcnl

line 100 McdiOl Ahernollivu

I

W
W

X

No AClion

CAp 50Ih/Scdimcnu/Sludt;c

X

X
X

E.c. .... lc Soih/Scdi,ncnls/Slud"e

Incinerate Onsile

X
X

X

X

X
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X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

QilPOIC 01 Soil in Olhile RCRA landfill

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Crouodwuct E.lfolClioo ami Treatmenl
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X

X
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X

X
X
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X

DiKhu!>e Truled Waler 10 Drulh Creek

X

X

X

X

X

X

X

land UIoC RutricliofU (lor Crour.dwaler)

X

X

X

X

X

X

X

Cround...... ler Mooilor In!>

X

X

X

X

X

X

X

a NOTE : Alternatives 4, 5, 10, 11, 12, and 13 include offsite treatment and/or disposal of wastes; these arc presented under
other applicable NCP ca tegories.

1.

No action

2.

Alternati'/es that do not meet ARARs, but will reduce present or future
risks to the environment

3.

Alternatives that meet ARARs

4.

Alternatives that exceed ARARs

5.

Offsi te trea tm en t and/or disposal.

The 15 developed alternatives are summarized in Table 3-2 in terms of their
major effectiveness and implementably factors and their estimated present wortCi
costs.

The alternatives are organized in Table 3-2 according to the five NCP

categories.

A breakdown of the cost elements which enter into each estimated

present worth cost is provided later in this section.
The selection of alternatives to be considered in the detailed analysis is
tempered by SARA's goal of preserving

the broad range of treatment and

containment technologies initiaJly developed. Thus, to select the best alternatives
while preserving the range, comparisons are also made between similar categories
of alternatives, as described below.
With the exception of the no action alternative, many of the alternatives
developed in Section 3.1.4 have similar components or employ similar approaches
for site remediation. Contaminated soil can be contained untreated or incinerated.
Contaminated groundwater emanating from Line 800 can be extracted and treated
or land use restrictions might be imposed.
wide

In the foJlowing sections, the 15 site-

remedial alternatives are reorganized into the foJlowing groups, which

represent general types of remedial approaches:
•

No action

•

Containment of untreated soil, and:
Treatment of Line 800 groundwater, or
Restricted use of Line 800 groundwa ter.

•

Incinera tion of con tam ina ted soil, and:
Trea tment of Line 800 groundwater, or
Restricted use of Line 800 groundwa ter.
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.ABLE 3-2
Summary Analysis of Site-wide I\lternatives in Terms o[ Elfectiveness, Implementability, and Cost Criteria
NCP Ca tegory/
Remedial I\lterna tive

Elfectiveness

Implementabili ty

Present W
Cost ($1 ~

NO ACTION AL TEH.NA T1VES
Alt. I - No Action

• No reduction in toxicity, mobility,
or volume of contaminants.

• May not meet some ARARs, including
surface water quali ty and RCRA
closure require men t5.

• No immediate implementation
considera tions, but future remediation, if needed, would be complicated by spread of plume at
Line 800.
.

• May result in exceedances of surface
wa ter qua Ii ty cri teria for Brush Creek,
unacceptable degrada tion of groundwa ter
quality, and exposure of humans and
animals to con tamina ted groundwa ter.
ALTERNATIVES THAT DO NOT MEET

Al~ARs,

BUT WILL REDUCE PRESENT AND FUTURE IHSI<S TO THE ENVIIWNMENT

w
I

~Alt.3-

Containment In-Place
at Line I and Line 800;
and Land Use
Restrictions at Line
800

• Possible short-term impacts due to
worker exposure by inhala tion of dust
and dermal contact, and release of
con tam ina ted sediments to Brush Creek
during construction.

• Construction could be completed
in less than one year.

• Should provide reliable, long-term
contain1nent, if caps and channel are
properly maintained.

• Ability to implement olfpost
land LIse restrictions is
uncertain.

• Long-term reduction in sediment
erosion into nrush Creek and infiltration and leaching of contaminants
to groundwa ter.
.

• Implementation is technically
feasible, with no problems
anticipated.

$3,396,0

TABLE 3-2 (cont'd)
NCP Category/
Remedial Alterna tive

Effectiveness

Alt.3 -

(Continued)

• May resul t in unacceptable exposure
levels for certain explosive cont"minants in groundwa ter in the future.

Alt.5-

Excavation at Line I
and Line 800 and Disposal in Offsi te RCRA
Landfill; and Land Use
Restrictions" t Line
800

• Possible short-term impacts due to
worker exposure by inhal" tion of
dust and dermal contact, and release
of cont"minated sediments to Brush
Creek during construction.
• Sources of contamination would be
removed, along with any associated
onsite risks o[ sediment erosion into

Brush Creek and infiltration and
leaching of contaminants to groundwater.
• Risk due to transportation of
untrea ted wastes on public roads.
W
I

W

iJ'

• Leakage of contaminants from offsi te
landfill may be possible in the future.
• May result in unacceptable exposure
levels for certain explosive contaminants in groundwater in the future,
because existing groundwa ter con tamina tion a t Line 800 would remain.
• Would not meet SARA goal of minimizing offsi te disposal.

Implemen t"bi Ii ty

• Implementation is technically
feasible.
• Due to land disposal ban on K04'/
wastes, offsite landfills may be
unwilling to accept explosivecontaminated soils.
• Ability to implement o[[post
land use restrictions is uncertain.

Present Wor
Cost ($1988

$88,986,00'

TAI3LE )-2 (cont'd)
NCP Category/
Remedial AI terna tive
All. 7 - Excavation at Line I
and Disposal a t Line
800; and Land Use
Restrictions at Line
800

Effectiveness
• Possible short-terrn impacts due to
worker exposure by inhala tion of dust
and dermal contact, and release of
contaminated sediments to Grush Creek
during construction.

Implementabili ty
• Construction could be cOlnpleted
in less than one year.

Present \V,
Cost <'$19

$ 2,726,(

• Ability to implement land use
restrictions is uncertain.

• Should provide reliable, long-term cintainment if cap at Line &00 is properly
maintained.

• Long-term elimination of sediment
erosion into Brush Creek and infiltration and leaching of contaminants into groundwater.

• May resul t in unacceptable exposure
levels for certain explosive contaminants in groundwa ter in the future.

W
I

W

"

Alt. 9 -

Excavation, Onsi te
Incinera tion, and
Onsi te Ash Disposal
a t Line I and Line;
and Land Use
Restrictions a t Line
800

• Possible short-term impacts due to
worker exposure by inhala tion of dust
and dermal contact, release of con tarnina ted sedimen ts Brush Creek, and
incinera tor emissions.

• Implementation is tcchnically
feasible.
• Due to volume of contarnina ted
soil, about four years required to
incinera te wastes.

• Long-term elimination of sediment
erosion into Brush Creek and
infiltration and leaching of
contaminants to groundwater.

• Due to limited supply of suitable
mobile incinera tors, rela tively
long lead tirnes may be required to
bring incineratods) onsite.
• Abili ty to irnplcment o((post land
usc restrictions is uncertain.

$10 11,85&,

TABLE 3-2 (cont'd)
NCP Category/
Remedial AI terna tive
All 9 -

(Continued)

Effectiveness

J m pie men tabil i t y

Present W,
Cos t ($ 19:

• Incineration is a proven technology
for permanent destruction o[ explosive
contaminants, and would grea tly reduce
soi I toxici ty.
• May result in unacceptable exposure
levels [or certain explosive contaminants in groundwa ter in the future,
because existing groundwater contamina-

tion at Line 800 would remain.
Alt.ll- Excava tion, Onsi te
Incinera tion, Ollsi te
Ash Disposal for Line
I and Line 800; and
w
,w
Land Use Restrictions
a t Line 800
C<>

• Possible short-term impacts due to
worker exposure by inhala tion o[ dust
and dermal contact, release o[ contamina ted sedimen ts Brush Creek and
incinera tor em iss ions.

• Implementation is technically
feasible.
• Due to volume of contaminated
soil, about four years required
to incinerate wastes.

• Poten tial risk due to transport o[
ash on public roads.
• Long-term elimination of sediment
erosion into r1rush Creek and
infi Itra tion and leaching of
contaminants to groundwater.

• Incineration is a proven technology
for permanent destruction of explosive
contaminants, and would grea tly reduce
soil toxicity.
• May result in unacceptable exposure
levels for certain explosive contaminants in groundwa ter in the
future, because existing groundwa ter
contamination at Line 800 would
remain.

• Due to limited supply o[ suitable
mobile incinera tors, rela tively
long lead times may be re'Jui"ed
bring incineratods) onsi teo
• Ability to implement o[[post
land use restrictions is uncertain.

$170,593,(

TABLE 3-2 (cont'd)
NCP Category/
Remedial AI terna tive
All. lJ - Excavation,Offsite
Incineration, and Offsi te Ash Disposal for
Line I and Line, and
Land Use Restrictions
a t Line 800

Effectiveness
• Possible short-term impacts due to
worker exposure by inhalation of dust
and dermal contact, and release of
con tam ina ted sedimen ts to I1rush Creek
during construction.
• Risk due to transporting untrea ted
wastes and ash on public roads.
• Contamination source removal would
result in long-term elimination of
sediment erosion into Brush Creek
and infiltration and leaching of
contaminants to groundwa ter.

,
'"

v.>
v.>

• [ncinera tion is a proven technology for
permanent destruction of explosive
con taminan ts, and would grea tly reduce
soil toxici ty.
• May result in unacceptable exposure
levels for certain explosive contaminants in groundwater in the future
because existing groundwa ter contamination at Line 800 would remain.
• Does not meet SA RA's goal of
minimizing offsi te disposal.

Implemen tabili ty
• Due to volume of contarninated
soil, about Lour years required
to incinera te wastes.

• Offsi te Incineration may be
difficult to implement, due to
inabili ty of vendors to handle
soil in bulk.
• Ability to implement off-post
land use restrictions is

uncertain.

Presen t W,
Cost ($19:

$ 195,887,

Replace Left Column
Table 3-2 (cont.)

NCP Category/
Remedial Alternative
All. 13 - Excavation, Offsite
Incineration, and Offsite
Ash Disposal for Line 1
and Line 800, and Land Use
Restrictions at Line 800

PNKWTR.COM
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TABLE 3-2 (cont'd)
NCP Category/
Remedial AI terna tive
Alt. 15 -

Channelization and
Capping at Line I;
and Excavation, Onsite
Incinertion, Onsite Ash
Disposal, and Land Use
Restrictions at Line sao

Effectiveness
• Possible short-term impacts due to
worker exposure by inhala tion of dust

Implemen tabili ty
• Implement;Jtion is teclinically
feasible.

and dermal contact, release of con-

tamina ted sediments to Brush Creek,
and incinerator emissions.

• Due to volume of contaminated

soil, about four years required
to incinerate.

• Long-term reduction in sediment
erosion into Brush Creek and
infiltration and leaching of
con taminan ts to groundwa ter.

• Due to limited supply of suitable
mobil incinerators, relatively

long lead times may be required
to bring incinera tors ansi teo

• Ability to implement offpost
!;Jnd usc restrictions is uncertain.

.,o,

w

• Incineration is a proven technology for
permanent destruction of explosive
contaminants, and would greatly reduce
soil toxicity.
• May result in unacceptable exposure
levels for certain explosive contaminants in groundwater in the future,
because existing groundwater contamina tion at Line 800 would remain.

Present W,
Cost ($19:

$

96,9'1 I,

TAI3LE 3-2 (cont'd)
NCP Category/
Remedial Al terna tive

Effectiveness

Implemen tabi Ii ty

Present We
Cost ($191

ALTERNATIVES THAT MEET ARARs
Alt. 2 -

• Possible short-term impacts due to
Containment In-Place
worker exposure by inhala tion of dust
a t Line I and Line 800;
and dermal contact, and release of
and Groundwater/Extraction Treatment at Line
contaminated sediments to I3rush Creek
during construction.
800

• Construction could be cornpleted in
less than one year.

$" ,545 ,DC

• No implementation problems
anticipated.

• Should provide relable long-term
containment il caps and channel are
properly maintained.
• Long-term reduction in sediment
erosion into Brush Creek and infiltration and leaching of contaminants
into groundwater.

W

..,.
I

~

• Extraction well/carbon adsorption
system would provide reliable longterm containment o[ plume at Line

800, removal of contaminants from
groundwater, and reduction in
groundwa ter toxici ty.
All. 4 -

Excava tion at Line
• Possible short-term impacts due to
worker exposure by inhala tion of dust
and Line 800, and
Disposal in Offsi te
and dermal con tact, and release of
contaminants sediments to I3rush Creek
RCRA Landfill; and
during construction.
Groundwater Extraction/
Treatment at Line 800
• Risk due to transportation of
untrea ted wastes on public roads.

• Implementa tion is technically
feasible.
• Due to land disposal ban on K04'/
wastes, offsi te landfills may be
unwilling to accept explosivecontaminated soils.

$90,108,(

T ABL E 3-2 (con t'd)
NCP Category/
Remedial AI terna tive
AI t. 4 -

(Continued)

Effectivcness

Implemen tabi Ii ty

Prescnt W,
Cost ($19

• Contaminant source removal would
eliminate contaminated scdiment
erosion into I1rush Creek and infiltra tion and leaching of con t.:uninan ts

into groundwuter.

• Extraction well/carbon adsorption
system would provide reliable, longterm contaii,ment of plume at Line 800,
removal of contaminants from groundwa ter, and reduction in groundwa ter

toxici ty.
• Leakage of contaminants from offsi te
landfill may be possible in future.
W

• Would not meet SA RA goal of minimizing offsite disposal.

I

<0N

All. 6 -

Excavation at Line I
and Disposal at Line
800; and Groundwa ter
Extraction/Trea tment
a t Line 800

• Possible short-term impacts due to
worker exposure by inhalation of dust
and dermal contact, and rclease of
con tamina ted sedirnen ts to I1rush Creek
during construction.

• Construction could bc com pic ted in
less than one year.

$3,875,0

• No implementation problems
anticipated.

• Should provide reliable, long-term
containment if cap at Line 800 is
properly maintaincd.
• Long-term elimina tion of sedimen t
erosion into Brush Creek and infiltration and leaching of contaminants
into groundwater.

\

TABLE 3-2 (cont'd)
NCP Category/
Remedial AI terna tive
AI t. 6 -

(Continued)

Effectiveness

lmplementabili ty

Present IVo
Cost ($198

• Extraction well/carbon adsorption
system would provide reliable longterm containment of plume at Line

800, removal of contaminants from
groundwater, and reduction in
groundwa ter toxici ty.
All. 8 -

Excavation,Onsite
Inciner a tion, and

Onsite Ash Disposal at
Line J and Line 800;
and Groundwa ter
Extraction/Trea tment
a t Line 800
W

..,.
I

W

• Possible short-term impacts due to
worker exposure by inhala tion of dust

• Implementation is teChnically
feasible.

and dermal contact, release of contami-

nated sediments to Grush Creel" and
incinerator emissions.
• Long-term elimination of sediment·
erosion into Flrush Creek, and
infiltration and lealching of
contaminants into groundwater.

• Incinera tion is a proven technology for
permanent destruction of explosive
con tam inan ts, and would grea tl y reduce
soil toxicity.
• Extraction well/carbon adsorption
system would provide reliable longterm con tainrnen t of plume at Line

800, removal of con taminan ts from
groundwater, and reduction in
groundwa ter toxicity.

• Due to volume of con tamina ted
soil, about four years required
to incinera te wastes.
• Due to limited supply of suitable
mobile incinerators, relatively
long lead times may be required
bring incinera tods) onsi teo

$105,980,0

TAElLE 3-2 (cont'd)
NCP Category/
Remedial Alterna tive
Al t. 14 - Channelization and
Capping a t Line I;
and Excavation, Onsi te
lncinera tion, Onsi te

Ash Disposal, and
Groundwater Extraction/Treatment at
Line 800

'"
..,.
..,.
I

EI fectiveness
• Possible short-term impacts due to
worker exposure by inhala tion 01 dust
and dermal contact, release 01 con taminated sediments to Elrush Creek, and
incinera tor emissions.

Implementabili ty
• Implementation is technically
feasible.
• Due to volume of contaminated

soil, about four years required
to incinera te wastes.

• Long-term elimination of sediment
erosion into Elrush Creek and infil-

• Duc to limitcd supply 01 suitable

tration and leaching of contaminants

mobile incinerators, relatively

into groundwa ter.

long lead times may be ,·cquired
bring incinera torts) onsi te.

• Incinera tion is a proven technology lor
permanent destruction 01 explosive
contaminants, and would greatly reduce
soil toxicity.
• Extraction well/carbon adsorption
system would provide reliable, longterm containment of plume, removal of
contaminants from groundwater, and
reduction in groundwater toxicity.

Prcscnt Worth
Cost ($1983)
$98,063,000

TAGLE 3-2 (cont'd)
Effectiveness

A I tern a tive

Jmplemen tabi I i ty

Present Worth
Cost ($1988)

ALTERNATIVES THAT EXCEED ARARs
All. 10-

• Possible short-term impacts due to
Excavation,Onsite
Incineration, and Offsite
worker exposure by inhaJa tion of dust
Ash Disposal for Line I
and dermal contact, release of contaminated sediments to Brush Creek, and
and Line 800; and
Groundwater Extraction/
incinera tor em issions.
Treatment at Line 800
• Poten tial risk due to transporting
incinera tor ash on pUblic roads.
• Long-term elimination of sediment
erosion into Grush Creek and
infiltration and leaching of contaminants to groundwa ter.

W
I

"'\.n"

• Incineration is a proven technology for
permanent destruction of explosive
contaminants, and would grea tly reduce
soil toxicity.
• Extraction well/carbon adsorption
system would provide reliable longterm containment of plume at Line
800, removal of contaminants from
groundwater, and reduction in groundwater toxicity.

• Implementation is technically
feasible.
• Due to volume of contaminated
soil, about four years required
to incinerate wastes.

• Due to limi ted supply of sui table
mobile incinerators relatively long
lead times may be required to bring
incinera tors ansi teo

$ I7 I , 7 I5 , 000

TAI3LE 3-2 (con t'd)
Ef fee tiveness

Alternative
All. 12-

Implemen tabi lity

• Offsite Incineration may be
Excavation, Offsi te
• Possible short-term impacts due to
worker exposure by inhalation of dust
difficult to implement, because of
Incinera tion, and Offsi te
and dermal contact, and release of
inabili ty of vendors to handle
Ash Disposal for Line I
contaminated sediments to Brush Creek
soil in bulk.
and Line 800; and
Groundwater Extraction/
during contstruction.
Treatment at Line 800
• Risl< due to transporting untreated wastes
and incinerator ash on public roads.

Present 1V0nh
Cos t ($ 1988)
$197,009,000

• Long-term elimination of sediment
erosion into Brush Creek and infiltration and leaching of contaminants
to ground wa ter.
• Incineration is a proven technology for
permanent destruction of explosive
constaminants, and would grea tly reduce
soil toxici ty.

W

..,.
I

'"

• Extraction well/carbon adsorption
system would provide reliable, longterm containment of plume at Line 800,
removal of contaminants from groundwa ter, and reduc tion in groundwa tcr

toxici ty.
OFFSITE TREATMENT AND/OR DISPOSAL
See Note a

a Alternatives 4,5,10,11,12, and 13 include offsite trea tment and/or disposal of wastes, these are presented under other applciable
NCP ca tegories.

•

Containment of untreated Line 1 soil and incineration of contaminated
Line 800 soil, and:
Treatment of Line 800 groundwater, or
Restricted use of Line 800 groundwater.

In accordance with SARA's goal, direct comparisons of alternatives falling within
each of these groups are made in the following sections, with the best alterna ti'/e
from each group being carried forward to the detailed analysis phase of the FS.
3.1.5.1 No Action. Alternative 1, the no action alternative, is alone in this group.
The NCP and SARA mandate that this alternative be considered in the detailed
analysis as the baseline against which other alternatives are judged. Alternative 1
will therefore be included in the detailed analyses in Section 3.2.
3.1.5.2

Containment of Untreated Soil.

Several remedial alternatives utilize

containment of untreated soil as their principal common feature. In addition, these
alternatives can be divided between those utilizing groundwater extraction and
treatment and those utilizing land use restrictions to provide protectiveness from
groundwater. These
3.1.5.2.1

alternativ~s are

compared below.

Containment Alternatives Employing Groundwater Treatment.

Contain-

ment of untreated soil can be provided either onsite or offsite. On site containment
would employ capping and isolation of contaminated soils either in place or in
another designated location.

Offsite containment would consist of transporting

contamina ted soils offpost to a secure RCRA landfill.

The following alternatives

utilize containment for untreated soil, along with groundwater treatment:
•

Alternative 2 - Containment In-Place at Line 1 and Line 800; and
Groundwa ter Extraction/Trea tmen tat Line 800

•

Alternative 4 - Excavation at Line 1 and Line 800 and Disposal in
Offsite RCRA Landfill and Groundwater Extraction/Treatment at
Line 800

•

Alternative 6 - Excavation at Line 1 and Disposal at Line 800; and
Capping and Groundwa ter Extraction/Trea tmen tat Line 800.

A comparison of these alternatives is presented below.
Effectiveness.

Between the two onsite containment alternatives (2 and 6),

Alterna tive 6 is judged to be the more effective. Movement of contaminated Line
I soils and sediments to Line 800 would concentrate and contain the contaminated
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materials in one location where a groundwater extraction and treatment system is
proposed to capture any genera ted Jeacha teo The volume and degree of contamination of Line I soils and sediments is minor in comparison to the volume and degree
of contamination of Line 800 soil/sediments/sludges. Therefore, movement of Line
I soils would have little effect on the environmental impacts at the Line 800 site.
Furthermore, implementation of Alternative 6 would result in the removal of the
contamination source from the Former Line I Impoundment area along Brush
Creek.
Containment of wastes in an offsite RCRA landfill in Alterna tive 4 would be
an effective solution to the contamination problem in the short-term. However, an
improperly managed RCRA landfilJ could begin to leak at some future time.

In

addition, there would be some risk to public health and the environment due to the
shipment of large quantities of the untreated wastes on public roads. Besides these
disadvantages, the offsite landfill alternative would not meet SARA's goal of
minimizing offsite disposal. The one advantage gained by excavation and shipment
offsite is the physical removal of the contaminant sources which might otherwise
eventually leach into the groundwater and surface water.

However, this one

advantage is insufficient to offset the disadvantages of offsite containment over
onsite containment.
For the reasons presented above, Alternative 6 is judged to be the most
effective of these three alternatives.
lmplementability. No implementation difficulties are anticipated for either on site
containment alternative.

However, Alternative 6 is judged to be easier to

implement than Alternative 2, because excavation of Line I can be more rapidly
accomplished than and would not pose the potential engineering difficulties posed
by channelization and capping. The offsite disposal alterna tive may be difficult to
implement due to the recent land disposal ban on K044 wastes, and the possible
unwillingness of offsite landfilJs to accept explosives-contamina ted wastes. Thus,
Alternative 6 is judged to be the easiest to implemen t.
Cost. The costs associated with Alternative 2, 4, and 6 are presented on a present
worth basis in Table 3-3. Alternative 4 is an order of magnitude more expensive
than either Alternative 2 or 6.

Alternative 6 is judged to be the most cost

effective of the three alternatives.
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TABLE 3-3
Present Worth Cost Comparison of Soil Containment
Alternatives Employing Groundwater Extraction and Treatment
(Costs in $ 1988)

Cost Element
Line 1 Stream Channelization and
F Jood Plain Capping
Line 800 Capping

Alternative 2

Alternative

$1,129,000

$

~

$

J, 967, 000

Line 1 Soil Excavation, Handling,
Backfill, and Site Restoration

1,967,000
266,000

Line 800 Soil Excavation, Handling
Backfill, and Site Restoration

8,2~7,000

Offsite Soil Transport and Disposal
in RCRA Landfill

80,173,000

Soil Hauling and Disposal at Line 800
Surface Water Removal and Treatment
Groundwa ter Extraction and
Treatment
Line 800 Groundwater Monitoring
TOTAL PRESENT WORTH COST

Alterna tive 6

308,000

151,000
28,000

28,000

28,000

1,350,000

1,350,000

1,350,000

71 ,000

~~,OOO

71,000

$90,108,000

$3,875,000

$~,5~5,000
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Add Table 3-3A

-

TABLE3-3A
Present Worth Cost Comparison of Soil Containment
Alternatives Employing Groundwater Extraction and Treatment
(Costs in $ 1994)

Cost Element

Altemntive 2

AltenUltive 4

AltenUltive 6

$ 1,513,000

$--

$--

2,636,000

--

2,636,000

Line 1 Soil Excavation, Handling, Backfill, and Site
Restoration

--

356,000

413,000

Line 800 Soil Excavation, Handling Backfill, and Site

--

11,051,000

--

107,432,000

--

Soil Hauling and Disposal at Line 800

---

--

202,000

Surface Water Removal and Treatment

38,000

38,000

38,000

Groundwater Extraction and Treatment

1,809,000

1,809,000

1,809,000

95,000

59,000

95,000

6,091,000

120,745,000

5,193,000

Line 1 Stream Channelization and Floodplain Capping
Line 800 Capping

Restoration

Offsite Soil Transport and Disposal in RCRA Landfill

Line 800 Groundwater Monitoring

TOTAL PRESENT WORTH COST

PNKWTR.T33A
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Recommendation.

Alternative 6 was judged to be the most effecti'/e, easiest to

implement, and least costly of the containment/groundwater treatment alternatives. Therefore, Alternatives 2 and
3.1.5.2.2

~

are dropped from further consideration.

Containment Alternatives Employing Land Use Restrictions.

three alternatives that are similar to Alternatives 2,

~,

There are

and 6 discussed in Section

3.1.5.2.1, except that they utilize land use restrictions instead of groundwater
extractin and treatment. These alternatives are:
•

Alternative 3 -

Containment In-Place at Line I and Line 800; and

Land Use Restrictions at Line 800
•

Alternative 5 -

Excavation at Line. 1 and Line 800 and Disposal in

Offsite RCRA Landfill; and Land Use Restrictions at Line 800

•

Alternative 7 -

Excavation at Line 1 and Disposal at Line 800; and

Capping and Land Use Restrictions at Line 800.
A comparison of these alternatives is presented below.
Eflectiveness. Alternative 7 would be more effective than Alternative 3, for the
same reasons presented in comparing the effectiveness of corresponding Alternatives 2 and 6 in Section

3.1.~.2.1.

Even in the absence of groundwater extraction

and treatment at Line 800, little or no additional impact would be expected as a
result of consolidating Line 1 and Line 800 contaminated materials at Line 800.
Because groundwater treatment is not employed with any of these alternatives, there is a greater effectiveness advantage with excavating the contaminated soil and redisposing offsite than there was when comparing Alternati'les 2,
and 6.

~,

At Line 800, contaminant source removal would lessen impacts on

groundwa ter more than capping.

However, as previously discussed, moving the

contaminated soil to an offsite facility would entail risks due to transportation on
public roads, and may not be protective in the long run, especially if the facility is
mismanaged.

Additionally, offsite land disposal without treatment is discouraged

under SARA.
Based on the above discussion, effectiveness is rated to be equal between
Alternatives 3 and 5, but Alternative 7 is considered to be slightly more effective
than these.
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lmplementabilitv.

For all three alterna tives, the long-teem ability to implement

offpost land use restrictions is uncertain.

,-\lternative 5 has the additional

disadvantage associated with implementation of offsite landfill disposal (see
Section 3.1.4.2.1).

Alternative 7 is judged to be easier to implement than

Alterna tive 3, because excavation at Line 1 can be more rapidly implemented than
and would not pose the potential engineering difficulties posed by channelization
and capping.
Cost. The costs associated with Alternatives 3, 5, and 7 are presented on a present
worth basis in Table 3-4.

As shown, Alternative 5 is more than 20 times more

expensive than Alterna tives 3 and 7. Alternative 7 is judged to be the most cost
effective of the three alternatives.
Recommenda tion. Alternatives 7 was judged to be the most effective, easiest to
implement, and least costly of the containment/land use restriction alternatives.
Therefore, Alternatives 3 and 5 are dropped from further consideration.
3.1.5.2.3

Selected Containment Alternative.

The best containment alternatives

employing groundwater extraction/treatment or land use restrictions were found to
be:
•

Alternative 6 -

Excavation at Line 1 and Disposal at Line 300; and
Capping and Groundwater Extraction/Treatment at
Line 300

•

Alternative 7-

Excavation at Line I and Disposal at Line 300; and
Capping and Land Use Restrictions at Line &00.

These two alterna ties employ identical containment approaches.

However,

Alternative 6 is judged to be more effective than Alternative 7, because Alternative 7, which employs land use restrictions instead of groundwater treatment,
may result in unacceptable exposure levels for explosive contaminants in groundwater in the future. It would appear that Alternative 7 would be the easier of the
two to implement, because a groundwater extraction and treatment system would
not need to be installed.

However, strong public and regula tory oppositon to land

use restrictions in lieu of groundwa ter con tainment/trea tment may nega te this
advantage.

Cost-'Nise, Alterna tive 6 is only slightly more expensive than Alter-

native 7. Overall, Alternative 6 is judged to be the best containment alternative,
because of its much greater degree of protectiveness provided at little additional
cost. Alternative 6 will be carried through to the detailed analysis.
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TABLE 3-4
Present Worth Cost Comparison of Soil
Containment Alternatives Employing Land Use Restrictions
(costs in $ 1985)

Cost Element
Line 1 Capping and Stream
Channeliza tion
Line SOO Capping

Alternative 3

Alternative 5

Alterna ti'le 7

$1,129,000

$--

$--

1,967,000

Line I Soil Excavation, Handling,
Backfill , and Site Restoration

1,967,000
266,000

Line SOO Soil Excavation, Handling,
Backfill , and Site Restoration

8,247,000

Off si te Soil Transport and Disposal
in RCRA Landfill

80,173,000

Soil Hauling and Disposal at Line
.800

151,000

Surface Water Removal and Treatment

Land Use Restrictions
Line 800 Groundwater .'v\onitoring
TOTAL PRESENT WORTH COST

308,000

28,000

2S,000

28,000

Not Estima ted

Not Estimated

Not Estima ted

272,000

272,000

272,000

3,396,000

$88,986,000

$2,726,000

3-52

Add Table 3-4A

-

TABLE3-4A
Present Worth Cost Comparison of Soil Containment
Alternati~es Employing Land Use Restrictions
(Costs in $ 1994)

Cost Element

AltenUlti ye 3

Altematiye 5

Altematiye 7

$ 1,513,000

$ --

2,636,000

--

2,636,000

--

356,000

413,000

--

11,051,000

--

Offsite Soil Transport and Disposal in RCRA Landfill

--

IO? ,432,000

--

Soil Hauling and Disposal at Line 800

--

--

202,000

Surface Water Removal and Treatment

38,000

38,000

38,000

Not Estimated

Not Estimated

Not Estimated

364,000

364,000

364,000

4,551,000

119,241,000

3,652,000

Line I Capping and Stream Channelizatioo
Line 800 Capping
Line I Soil Excavation, Handling, Backfill, and Site

$--

Restoration

Line 800 Soil Excavation, Handling, Backfill, and Site
Restoration

Land Use Restrictions

Line 800 Groundwater Monitoring

TOTAL PRESENT WORTH COST

PNKWTR.T34A
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3.1.5.3

Incinera tion of Contaminated Soil.

contaminated Line I and Line 800

Treatment (by incineration) of all

soils, sediments, and sludge is incorporated in

six different alternatives. This group of alternatives is also divided between those

employing groundwater treatment and those employing land use restrictions. The
soil treatment alternatives are compared in the sections that follow.
3.1.5.3.1 Incineration AI ternati'les Employing Groundwater Trea tment. Excavated
soils from Line 1 and Line 800 can be incinerated either onsite or offsite.

The

incinera tion al ternatives employing groundwa ter trea tment are listed below:
•

Alternative 8 -

Excavation, Onsite Incineration, and Onsite Ash Disposal at Line

I and Line 800;

and Groundwa tee

Extraction/Treatment at Line 800
•

Alternative 10 - Excavation,

On site

InCineration,

and

Offsite

Ash

Disposal at Line I and Line 800; and Groundwater
Extraction/Treatment at Line 800
•

Alternative 12 - Excavation,

Offsite

Incineration, and

Offsite

Ash

Disposal at Line I and Line 800; and Groundwater
Treatment at Line 800.
These alternatives are compared below.
Effectiveness. All three incineration options are expected to be very effective in
destroying organic contaminants in the soil.

Because incineration will destroy

virtually all the organic soil contaminants, no effectiveness advantages are gained
by disposing of the ash offsite as opposed to onsite.

Potential impacts posed by

transporting inert ash over public roads are considered to be minimal.

Thus, all

three alternatives are judged to be equally effective.
Implementabili ty.

The two onsite incineration Alternatives (8 and 10) may be

easier to implement than Alternative 12, due to the apparent inability of offsite
incineration facilities to handle soil in bulk.

Comparing Alternatives 8 and 10,

onsite ash disposal would be easier to implement, because Alternative 12 would
involve the additional operations of accessing a borrow source for backfill material
and shipping ash offsite.

Therefore, Alternative 8 is judged to be the easiest to

implement.
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Cost.

The costs associated with Alternati'les S, 10 and 12 are presented on a

present worth basis in Table 3-5.

Alternative S is much less custly than either

Alternati'/e 10 or 12.
Recommendation.

Alternative S is clearly preferable to Alternatives 10 and 12,

because it is as effective as the other two alternatives, but would be somewhat
easier to implement and has a large cost advantage.
3.1.5.3.2 Incineration Alternatives Employing Land Use Restrictions. Alternatives
9,11, and 13 are similar to Alternatives S, 10, and 12 discussed above, except that
land use restrictions replace groundwater extraction and treatment.

These

al terna tives are:
•

Alternative 9 -

Excavation, Onsite Incineration, and Onsite Ash Disposal at Line I and Line SOO; and Land Use Restrictions at Line 800

•

Alternative II - Excavation,

Onsite

Incineration,

Disposal for Line

and

Offsite

Ash

I and Line 800; and Land Use

Restrictions at Line SOO
•

Alternative 13 - Excavation,

Offsite

Disposal for Line

Incineration, and

Offsite

Ash

I and Line 800; and Land Use

Restrictions a t Line SOO.
Effectiveness. All three incineration options are expected to be very effective in
destroying organic contaminants in the soil.

Because incineration will destroy

virtually all the organic soil contaminants, no protectiveness advantages are gained
by disposing of the ash offsite as opposed to onsite.

Potential impacts posed by

transportating inert ash over public roads are expected to be minimal.

Thus, all

three alternatives are judged to be equally effective.
Implementability.

As discussed in Section

3.1.~.2.1,

the two onsite incineration

alternatives (9 and II) may be easier to implement than the offsite incineration
alternative (13). In all three of these alternatives, the ability to implement offpost
land use restrictions is uncertain.

Alternative 9 would be somewhat easier to

implement than Alternative II, because the latter would involve the additional
operations of accessing a borrow source for backfill material and shipping ash
offsi teo
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TABLE 3-5
Present Worth Cost Comparison of Soil Incineration
Alternatives Employing Groundwater Extraction and Treatment
(costs in $ 1988)

Cost Element

Al terna tive 8

Alternative 10

Alternative 12

Line 1 Soil Excavation, Handling,
Backfill, and Site Restoration

$519,000

$266,000

$266,000

Line 800 Soil Excavation,
Handling, Backfill, and Site
Restora tion

6,414,000

8,215,000

8,215,000

97,625,000

97,625,000

ansi te Soil Incineration
Offsite Soil Incinera tion

138,706,000

Offsite Ash Disposal in RCRA
Landfill

64,187,000

48,400,000

28,000

28,000

28,000

1,350,000

1,350,000

1,350,000

Line 800 Groundwater :Vloni toring

44,000

44,000

44,000

TOTAL PRESENT WORTH COST

$105,980,000

$171,715,000

$197,009,000

Surface Water Removal and Trea tment
Groundwa ter Extraction and
Trea tment
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Add Table 3-SA·

.

TABLE3-SA
Present Worth Cost Comparison of Soil Incineration
Alternatives Employing Groundwater Extraction and Treatment
(Costs in $ 1994)

Cost Element

Altemative 10

Altenumve 8

Line 1 Soil Excavatioo, Handling, Backfill, and Site

Allemative 12

$ 695,000

$ 356,000

$ 356,000

8,595,000

11,008,000

11 ,008,000

Onsite Soil Incineration

130,818,000

130,818,000

--

Offsite Soil Incineration

--

--

185,866,000

Offsile Ash Disposal in ReRA Landfill

--

86,011 ,000

64,856,000

Surface Water Removal and Treatment

38,000

38,000

38,000

Groundwater Extraction and Treatment

I ,809,000

I ,809,000

1,809,000

59,000

59,000

59,000

142,013,000

230,098,000

263,992,000

Restoration

Line 800 Soil Excavatioo, Handling, Backfill, and Site
Restoration

Line 800 Groundwater Monitoring

TOTAL PRESENT WORTH COST

PNKWTR.T35A
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Cost.

The present worth costs of Alternatives 9, II, and 13 are presented

In

Table 3-6. Alternative 9 is much less costly than either Alternative 11 or 13.
Recommendation.

Alternative 9 is judged to be the best alternati'/e among

Alternatives 9, II, and 13. Alternative 9 was found to be as effective and more
implementable, and much less costly than Alternatives 1 I and 13.

Therefore,

Alternatives II and 13 are dropped from further consideration.

3.1.5.3.3

Selected Soil Incinera tion Al terna ti'le.

The best soil incineration

alternati'les employing groundwater treatment or land use restrictions were found
to be:

•

Alternati-te 8 -

Excavation, Onsite Incineration, and Onsite Ash Disposal at Line I and Line 800; and Groundwa ter Extraction/Treatment at Line 800

•

Alternative 9 -

Excavation, Onsite Incineration, and Onsite Ash Disposal at Line I and Line 800; and Land Use Restrictions at Line 800.

Alternative 3 is judged to be more effective than Alternative 9, since
Alternative 9, which does not employ groundwater extraction and treatment, may
result in unacceptable exposure levels for explosive contaminants in groundwater in
the

future.

Alternative 8 would also be easier to implement, due to the

uncertainties associated with offpost land use restrictions. Alternative 8 is slightly
more costly than Alternative 9. However, on balance, Alternative 8 is judged to be
the best soil incineration alternative, because of its higher level of protectiveness
for little additional cost. Therefore, Alternative 8 will be carried forward to the
detailed analysis phase of the FS.

3.1.5.4

Containment of Untreated Line I Soil and Incineration of Line 800 Soii.

The two alternatives which lit into this category combine elements of the
containment and treatment alternatives previously discussed.

They differ only in

the use of groundwater treatment versus land use restrictions.

These alternatives

are:
•

Alternative 14 - Channelization and Capping at Line 1; and Excavation,
Onsite Incineration, Onsite Ash Disposal, and Groundwa ter Extraction/Treatment at Line 800
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TABLE 3-6
Present Worth Cost Comparison of Soil Incinertion
Alternatives Employing Land Use Restrictions
(cost in $ 1988)
Cost Element

Alternative 9

Al terna tive 11

Alternative 13

Line 1 Soil Excavation, Handling,
Backfill, and Site Restoration

$519,000

$266,000

$266,000

Line 800 Soil Excavation,
Handling, Backfill, and Si te
Restora tion

6,~ 14 ,000

8,215,000

8,215,000

97,625,000

97,625,000

Onsi te Soil Incinera tion
Otisi te Soil Incineration

138,706,000

Otisite Ash Disposal in RCRA
Landfill

64,187,000

48,400,000

28,000

28,000

23,000

Not Estima ted

Not Estima ted

Not Estima ted

Line 800 Groundwater .'v\onitoring

272,000

272,000

272,000

TOTAL PRESENT WORTH COST

$104,858,000

$170,593,000

$195,887,000

Surface Water Removal and Treatment

Land Use Restrictions
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Add Table 3-6A
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TABLE3-6A
Present Worth Cost Comparison of Soil Incineration
Alternatives Employing Land Use Restrictions
(Costs in $ 1994)

Cost ElemellJ

Altemative 11

Altemative 9

Altemative 13

$ 695,000

$ 356,000

$ 356,000

S,595,OOO

II ,OOS,000

II ,OOS,000

Onsite Soil Incineration

130,S1S,OOO

130,818,000

--

Offsite Soil Incineration

--

--

185,866,000

Offsite Asb Disposal in ReRA Landfill

--

86,011,000

64,856,000

38,000

38,000

38,000

Not Estimated

Not Estimated

Not Estimated

364,000

364,000

364,000

140,510,000

228,595,000

262,489,000

Line I Soil Excavation, Handling, Backfill, and Site
Restoration

Line SOO Soil Excavation, Handling, Backfill, and Site
Restoration

Surface Water Removal and Treatment
Land Use Restrictions

Line 800 Groundwater Monitoring

TOTAL PRESENT WORTH COST

PNKWfR.T36A
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