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1.0 INTRODUCTION
1.1 General -

A Resource Conservation And Recovery ‘Act (RCRA)- Facility
Investigation (RFI) of the Neutralization Pond Solid Waste
Management Unit (SWMU) has been conducted at the Bell
Aerospace Textron (BAT) Wheatfield Plant in the town of
Wheatfield, New York (Figure 1). The purpose of the
investigation was to determine the nature and extent of
chlorinated volatile organic compounds released from the
Neutralization Pond to the groundwater beneath the site and
assess potential risks from this release to public health.

The RFI report was submitted to New York State Department of
Environmental Conservation (NYSDEC) in February 1991
(Reference 1) with the Baseline Risk Assessment (Reference
2) submitted as an addendum in March 1991. The RFI
concluded that the organic compounds released from the Pond
are predominantly chlorinated organic compounds in the
groundwater within the soil overburden adjacent to the
Neutralization Pond, and in a Dense Non-Aqueous Phase Liquid
(DNAPL) plume and an associated dissolved groundwater phase

plume within the upper bedrock. Since the Rocket Test

Building (SWMU No. 13) and the Helicopter Blade Bonding
Building (SWMU No. 9) are adjacent to the location of the
organic compound plume in the groundwater, any remediation
of the plume will also include any releases which may have
occurred from these two SWMUs. The locations of these SWMUs
are shown on Figure 2.

In September 1990 a preliminary review and assessment . of
potentially applicable corrective action technologies
(Reference 3) for the groundwater plumes was submitted to
NYSDEC and USEPA. This review provided a preliminary
screening of identified potentially applicable technologies
and corrective action measures.
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This Corrective Measures Study (CMS) has been prepared to
evaluate in more detail the technologies which could be
applied to remediate the Site. This CMS includes the
results of the preliminary review and analysis (Reference 3)
and the results of groundwater modeling, solute transport
studies and treatability studies.

The potentially applicable . corrective measures are
considered appropriate for mitigation of the organic
compounds within the overburden, the DNAPL, and dissolved-
phase plumes within the Zone 1 aquifer. This report
provides analyses of the identified corrective actions based
upon engineering feasibility and potential effectiveness.
Conceptual design for these actions and the outlines of the

monitoring programs which would be implemented to determine
their effectiveness are presented.

The identified technologies were evaluated in general
accordance with USEPA’s Guidance for Conducting Remedial
Investigations and Feasibility Studies under the
Comprehensive Environmental Response Compensation and
Liabilities Act (CERCLA), Interim Final, October 1988
(Reference 4) and the criteria specified in the RCRA
guidance document prepared by the USEPA (Reference 5}. -

1.2 Requlatory Setting, Permits, and Consent Order

As required by RCRA, BAT filed a timely Part A Permit
Application for all hazardous waste storage and management
units at the Plant, including the Neutralization Pond. In
1984, USEPA called for the submission of the detailed Part B
Permit Application. Because the groundwater investigations
completed at that time indicated that there appeared to .be a
groundwater release associated with the Pond, BAT elected to
close the Pond and .other RCRA units and so advised USEPA.
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Since the Pond had been used after July 1982, clean closure
or a ‘post-closure permit was required. BAT, NYSDEC, and
USEPA determined that a clean closure could not .be
accomplished and that the release needed to be fully
investigated before a post-closure permit could define the
appropriate corrective action measures.

BAT, with the concurrence of USEPA, entered into two Consent
Agreements with NYSDEC (Case No. RCRAR 85-020-9, Index No.
051485), one to provide for the prompt physical closure of
the Pond and the other to provide for a phased investigation
of the nature and extent of the contaminant plume released
from the Pond.

A closure plan was submitted in July 1985 and the final plan

was approved on October 8, 1986. The closure included
excavation of the Neutralization Pond, backfilling and
capping with clay-type material and a vegetative cover. A

report titled "Summary of Closure Activities and Closure
Certification of Former Rocket Neutralization Pong%
(Frontier Technical 1988, Reference 7) was submitted to

NYSDEC in June 1988 and was subsequently approved by NYSDEC.

Golder Associates



April 1991 . ~4- 9513-~6384

2,0 GENERAL SITE CONDITIONS .

2.1 Site Locatiop and Description

Detailed descriptions of the site 1location, geology and
hydrogeology have been provided in the RFI report (Reference
1). '

A brief review of site conditions is included herein. The
Neutralization Pond is located at BAT’s Wheatfield Plant in
the town of Wheatfield, Niagara County, New York (see Figure
1). Figure 2 shows the location of the Pond and other SWMUs
within the plume in relation to the structures at the Plant
and Figure 3 provides the locations and status of all other
SWMUs at the Plant.

The Plant is located at the southeast corner of the Niagara
Falls International Airport on a broad gently sloping clay
plain which extends 2.5 miles southwards to the Niagara
River. Much of the area in the vicinity of the Pond is
occupied by buildings, paved roads or paved parking areas.
The area north and west of the Pond consists largely of open
grassed surfaces and the paved runway and taxiway system of
the Niagara Falls International Airport. To the east and
south of the BAT Wheatfield Plant, the area is becoming
increasingly residential from its original agricultural
usage.

Three creeks cross this clay plain from east to west; Cayuga
Creek, north of the Plant, and Bergholtz Creek and Sawyer
Creek south of the Plant (see Figure 1}.

The Neutralization Pond, which was operated at the site
between 1948 and 1984, was excavated within the overburden
soil materials which are composed of clayey silts, silty
clays, and glacial tills. The Pond received liquid wastes
. from the Rocket Test Cells and other areas of the Plant.
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Those liquid wastes probably included one or more of the
following constituents:

Nitrogen tetroxide
Hydrazine

Monomethyl hydrazine
u-Dimethyl hydrazine
Sodium hydroxide

Potassium hydroxigde
Isopropyl alcohol
Methylene chloride
Trichloroethylene
1,2-trans-dichloroethylene
Acetone

Polychlorinated Biphenols
Polycyclic Aromatic Hydrocarbons

A detailed description of the compounds detected in the
groundwater and overburden soil immediately adjacent to the
Pond is provided in the RFI report (Reference 1}.

Pursuant to a NYSDEC Consent Order the Neutralization Pond
was closed in 1987 by excavation to bedrock, and backfilling
and capping with a clayey soil. A report of the completed
closure was prepared by Frontier Technology Inc. in 1988
(Reference 7).

2.2 Summary of Geology and Hydrology
The geology and hydrostratigraphy of the site have been

defined by analysis of regional geclogical information and
detailed stratigraphic analysis of overburden- and core
samples recovered by site investigation borings. Brief
reviews of the geology and hydrogeology are presented
herein. Detailed descriptions and discussions are presented
in the various site investigation reports submitted to
NYSDEC and USEPA (see References 1, 8, 9, 10 and 11).

The overburden at the site is composed of low permeability
glaciolacustrine silty clays overlying lacustrine till and
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basal till. These strata are about 16 feet thick at the
Pond and thicken to about 30 feet at Jagow Road which is
about one mile south of the Pond. 1In the vicinity of the
Pond, a thin discontinuous lens of coarser grained sandy
material was noted between the lacustrine till and the
underlying basal till. The overburden soils are underlain
by Zone 1 dolomite.

The Zone 1 dolomite is thinly bedded, relatively permeable
and increases in thickness from about 10 feet near the Pond
to about 15 feet at Jagow Road. Gypsiferous bedding planes
within 2Zone 1, @particularly at the contact with the
underlying Zone 2 dolomite, have been weathered out by
partial dissolution of the gypsum. This stratum at the base
of Zone 1 is referred to as the A Marker Bed.

An 8-foot thick confining layer of massive dolomite, Zone 2,
exists beneath the Zone 1 dolomite. This unit is considered
to be an aquitard.

Beneath these two strata, a 20 feet to 25 feet thick
dolomite stratum, the Zone 3 dolomite unit, also forms an

aquifer. Additional dolomite layers exist beneath these
strata to a depth of about 200 feet. The Rochester shale
lies beneath these dolomites. All these strata dip

southwards very gently, as does the bedrock surface and
ground surface. Figure 4 provides a north -~ south geologic
section through the study area.

Groundwater flow in the area between the BAT Plant and Jagow
Road is generally southwards in the overburden and Zone 1
dolomite units. Locally, hydraulic gradients between the
overburden and Zone 1 bedrock strata are influenced by the
presence  of sewer trenches in the overburden and bedrock.
Prior to completing a pumping test at the site in December
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1989, it was consideréd that the sanitary sewer systems
located in the overburden adjacent to the east side of the
BAT facility caused upward gradients within the Zone 1
dolomite. This condition is now believed toc depend on the
presence of storm runoff and/or the discharge of non-contact
cooling water from the Rocket Test Facility (see Figure 2),
to the ditch along Walmore Road. Water in this ditch is
believed to seep intoc the granular backfill of the Walmore
Road sanitary Sewer trench, located parallel and adjacent to
the surface drainage ditch and hydraulically connect with
the Zone 1 bedrock aquifer. This results in an increased
hydraulic head within Zcne 1 and the develcpment of variable
downward hydraulic gradients between Zone 1 and Zone 3.

To the south of Niagara Road, the hydraulic gradients appear
to be downward between the overburden and the Zone 1 bedrock
and between the upper and lower levels of the Zone 1
bedrock.

2.3 Groundwater Chemistry
Analysis of groundwater and overburden soil samples obtained

during the various phases of site investigation have
provided information regarding the nature and extent of
organic compounds in groundwater and in the overburden soil
associated with the Neutralization Pond SWMU. Although one
continuous plume, the groundwater plume is discussed herein
as four plumes for convenience. These plumes which are
attributed to the now closed Neutralization Pond are:

1. A plume containing organic compounds within an
area of overburden around the Neutralization Pond;

2. A Dense Non-Aqueous Phase Liquid (DNAPL) plume in
the Zone 1 aquifer (uppermost bedrock strata)
stretching about 750 feet to the scutheast of the
Neutralization Pong;
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3. A plume in the Zone 1 bedrock containing dissolved
organic compounds extending about 4,700 feet to
the southeast of the Pond, roughly pear shaped,
about 3,600 feet wide; and, :

4. A dissolved phase plume of limited extent in the
Zone 3 bedrock stratum, beneath the DNAPL piume.

The areal extent of the overburden plume is shown on Figure
5. The areal extent of the Zone 1 DNAPL plume and the Zone
1 dissolved phase plume are shown on Figure 6. The areal
extent of the Zone 3 plume is shown on Figure 7.

The DNAPL is predominantly composed of trichloroethylene (67
percent) with varying amounts of methylene chloride (16
percent), 1,1,1-trichlorcethane (10 percent), and acetone (4
percent). Polycyclic aromatic hydrocarbon (PAH) compounds
and polychlorinated biphenol (PCB) compounds have also been
detected in the DNAPL plume (Reference 1). Table 1 provides
a listing of compounds detected in the DNAPL and the maximum
concentrations of those compounds. Table 2 provides a list
of the compounds detected in the dissolved phase plumes and
the maximum concentration of those compounds.

The DNAPL plume extends southeastwards from the
Neutralization Pond about 750 feet. It is about 150 feet
wide and predominantly located at the base of Zone 1. In
the vicinity of the Pond DNAPL occurs above the base of the
Zone 1 unit. With the closure of the Pond, any driving
force in the form of residual DNAPL in the base of the Pond,
has been removed. Without a driving force, the DNAPL plume
has probably stopped moving. Further restriction of DNAPL

movement is provided by the presence of a natural shallow

Y-shaped trough in the top of the Zone 2 agquitard. All
known occurrences of DNAPL have been located within this
trough.
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Available groundwater guality data indicate that the Zone 2.
dolomite stratum has restricted downward migrétion of DNAPL
and dissolved-phase compounds. A dissolved phase plume of
relatively low concentration is present in the Zone 3
dolomite strata directly beneath the Zone 1 DNAPL plume.

The dissolved phase Zone 1 plume extends 4700 feet south-
southeast from the Neutralization Pond. The major organic
chemical components of the d&issolved phase plume in the
vicinity of the DNAPL plume are trichloroethylene (TCE),
methylene chloride and acetone. Away from the DNAPL plume
the relative concentrations of compounds such as 1,2~trans-—
dichloroethylene (DCE) and vinyl chloride (VC) tend to

increase. This is considered to be due to elevated
detection 1limits for some of the analytes near the DNAPL
plume, and anaerobic biodegradation of TCE, etc., to

daughter products such as DCE and VC. Based on the results
of the 1990 CLP analysis of samples from all of the wells
installed in the study area (Reference 1), a series of
compound concentration contours have been developed. These
contour maps are provided in Figures 8 through i1 for the
following constituents:

Figure 8 - Methylene Chloride;

Figure 9 - Trichloroethylene;

Figure 10 - 1,2-Dichloroethylene (Total); and,
Figure 11 - Vinyl Chloride.

Figure 12 shows the distribution of the ratios of
TCE:DCE:VC.

Prediction of the effectiveness of a groundwater extraction
program requires assessment of the overall retardation rate
of the volatile organic compounds in the plume. This
retardation has been assessed by comparing groundwater
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velocities with plume length and plume age. The probable
ranges of values of hydraulic conductivity and porosity were
used with measured hydraulic gradients to calculate plume
lengths for different retardation rates. Figure 13 presents
the results of this comparison and indicates:

1. An overall  hydraulic conductivity value of
4.1x10-3 cm/s is satisfactory;

2. Porosity can range from 1 percent to 3 percent;
and,

3. A retardation factor of 2 is a reasonable
assumption.

Present information indicates that the Zone 1 dissolved
phase plume south of Bergholtz Creek is located within the
lower half of the Zone 1 stratum.

The Zone 3 dissolved phase plume is considered to be of
relatively limited extent as shown on Figure 7. Reported
concentrations vary from 3,000 ug/l to 11,000 ug/l total
volatile organic compounds in well 87-13(3), located
southeast of the Neutralization Pond, to nondetectable in
well 89-2(3), located about 1,000 feet to the southeast.
Studies are presently being completed to determine whether
groundwater containing dissolved phase compounds in Zone 3
will migrate upward into Zone 1 if corrective action by
groundwater extraction from Zone 1 is implemented. Should
direct extraction from Zone 3 be required, it is essential
that downward gradients not be induced between Zone 1 and
Zone 3 in the plume areas.
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3.0 REVIEW OF ALTERNATIVE CORRECTIVE
3.1 General Approac

The criteria for identifying and reviewing technologies and
alternatives are discussed in this Section. The potentially
applicable corrective measures have been gqualitatively
evaluated on the basis of:

1. Engineering feasibility;

2. Demonstrated or expected effectiveness;

3. Protection of human health and the environment;
and,

4. Technical reliability.

Alternatives which do not meet these criteria either
singularly or in combination have been rejected.

3.2 Corrective Measures Obijectives
General corrective measures objectives are to abate and

remediate any significant threat to public health and the
environment due to the release from the Pond.

According to the baseline risk assessment (Reference 2), the
greatest risk of exposure is due to the DNAPL plume and then
to a 1lesser extent the dissolved phase plume within the
overburden and the Zone 1 bedrock. Consequently, corrective
measures for the DNAPL plume were given significant
consideration.

To provide an overview of current knowledge regarding
remediation of DNAPL, Mr. Stanley Feenstra, of Applied
Groundwater Research, Mississauga, Ontario, Canada, was
requested to complete a review of known technologies for
DNAPL remediation. This review is presented in Appendix A
of this report.
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Mr. Feenstra’s review concluded that it is currently not
possible to completely remove DNAPL from the subsurface
bedrock fractures in much the same way that it is not
possible to remove 100 percent of the oil from an oil field.
The small amounts of DNAPL remaining after '"remediation" by
DNAPL '"removal" would have the potential to allow the
development of a very large dissolved phase plune.
Remediation of the DNAPL plume by pumping or other
extraction methods is not a technically feasible nor
effective corrective measures alternative. The technically
feasible and effective alternative is to control the
dissolution of the DNAPL by hydraulically or physically
containing the DNAPL.

Based upon the lack of any feasible and effective DNAPL

removal technologies, BAT has identified the following
corrective measures goals:

1. Control off-property migration of organic
compounds from the overburden plume;

2. Reduce the concentration of volatile organic
compounds within the overburden;

3. Control migration of the DNAPL plume;

4. Reduce the amount of the DNAPL and the DNAPL head
in the Zone 1 DNAPL plume;

5. Control continued development and migration of the
Zone 1 dissolved-phase plume;

6. Reduce the concentration of organic compounds
within the 2Zone 1 dissolved-phase plume both on
and off BAT property; and,

7. Provide for reduction of organic compound
concentration in the Zone 3 bedrock plunme.
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3.3 Corrective Measures Alternatjives

3.3.1 Corrective Measures Alternatives Categories
Corrective measures which reduce the potential for migration
of and/or exposure to the overburden and groundwater plumes
may be placed in several categories which either singularly,
or in combination, have the potential for meeting the
previously identified goals:

1. Institutional measures for reducing exposure to
onsite and offsite constituents;

2. Removal - excavate contaminated materials for
treatment and/or disposal;

3. Containment - physically isolate groundwater or
DNAPL plumes to control migration;

4. Collection - withdraw groundwater or DNAPL plumes
from the aquifer for treatment and disposal;

5. Treatment - destroy, -degrade, transform, or
immobilize organic compounds either in situ or
after extraction; andg,

6. Disposal/discharge - transport or manage removed
or extracted materials at an appropriate facility.

Table 3 has been developed to summarize potentially feasible
and effective <corrective measures and to screen out
infeasible or ineffective measures. This table provides a
description of the available options and/or technologies
considered for corrective action and indicates the rationale
for selection or rejection. Table 3 also identifies the
presently preferred corrective action alternatives.
Descriptions of the potential corrective measures which have
been considered are provided below.

3.3.2 Institutional Measures
For a baseline comparison, an institutional measures
alternative was evaluated. For this .alternative, no

activity would be implemented that would extract or control
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the organic compounds in either the overburden or the Zone 1
aquifer and no institutional controls would be implemented
to mitigate potential public access to groundwater
containing organic compounds. This would result in
continued migration of the dissolved phase organic compounds
and possible further migration of the DNAPL plume. The no
action alternative recognizes the fact that the Base Line
Risk Assessment (Reference 2) has indicated that both onsite
and offsite risk levels are acceptable.

Minimal measures are those that neither treat nor remove the
organic compounds, but limit the potential for contact or
exposure to the groundwater plunmes. Potential measures
include limiting site access, limiting land and groundwater
use through deed restrictions, local laws or construction
moratoriums, and closure of privately owned groundwater
wells in the vicinity of the BAT facility. These measures
have been fetained as potentially applicable because:

1. It is not possible to remove the overburden plume
without demolition of part of the facility;

2. The Zone 1 DNAPL plume cannot be entirely removed;
and,

3. The remediation of the dissolved phase plumes will

probably take several years, during which time
there 1is a potential for extraction of the
groundwater at offsite 1locations for irrigation
purposes or other uses.

BAT has already completed the following steps to reduce the
potential for exposure: '

1. Provided a security barrier around the closed
Neutralization Pond;
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2. .Attempted to identify and locate every well on
every property within the area of the Zone 1
dissolved phase plume;

3. Decommissioned 21 private offsite wells for which
permission has been obtained, and is attempting to
obtain permission to close all other known wells
in the area; and,

4. Requested that the town of Wheatfield adopt a
local law which restricts the installation of
groundwater extraction wells within the plume area
or within an area within which extraction wells
could influence the migration of the plume.

Deed restrictions have been filed for that part of the land
that is currently owned by BAT which includes or is in the
vicinity of the contaminant plumes.

3.3.3 Removal
Since the overburden plume and Zone 1 DNAPL plume are

relatively shallow (less than 30 feet below surface), the

excavation of these plumes was considered as a potential
corrective action alternative.

Excavation of the overburden is considered to be technically
feasible by using backhoe equipment after demolition and
removal of structures (Rocket Test Cells, etc.) and roads
above the overburden plume area. During excavation a
significant health 1risk could develop due to organic
compounds volatilizing from the overburden and the exposed
Zone 1 DNAPL. This volatilization could be controlled by
the use of suppressants such as foam. Excavation of the
materials would result in the generation of a large volume
of material requiring determination of its classification as
hazardous waste and determination of the requirements for
treatment to meet the land disposal restriction rules prior
to disposal. Given the concentrations of organic
constituents in the lower zone of the overburden, it is
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probable that some of the overburden would not meet land
disposal restrictions for direct 1landfilling in a RCRA
hazardous waste landfill and would reguire incineration or
other treatment prior to land disposal.

Though it is feasible to excavate the overburden, it has
been rejected as a viable corrective action for the
following reasons:

1. Excavation would result in a higher, though
temporary, risk of exposure foxr workers and the
local population;

2. A considerable amount of waste would be .generated
with incineration being <the probable treatment
before land disposal;

3. Excavation would require demolition of the Rocket
Test Cell facilities (now leased@ to Atlantic
Research Corporatioen); and,

4. The movement of organic compounds and dissolved
organic compounds through the overburden has
either ceased (due to the original source being
removed) or is very slow (the overburden has a
very low permeability), and the resultant exposure
to the environment is considered to be minimal.

Moreover, as discussed in Appendix A and below, it is not
considered feasible to fully remove or completely “treat in
situ" the DNAPL. Therefore, it will be necessary to contain
the DNAPL plume in perpetuity or at 1least until some
feasible treatment technology is developed, since the
overburden plume is predominantly located above the DNAPL
plume, and extraction of groundwater for hydraulic control
of the DNAPL plume will to some degree effect control and
mitigation of the overburden plume.

Excavation of the DNAPL plume would be possible after
excavation of the overburden. Although excavation of Zone 1

Golder Associates



April 1991 =17~ 913-6384

bedrock could be accomplished by the use of blasting, this
activity would generate airborne releases and could
influence the fracture apertures in the 2Zone 2 aquitard
beneath Zone 1 resulting in the potential for migration of
DNAPL through Zone 2 and into 2Zone 3. As discussed in
Appeﬁdix A, even though a strong upward gradient would be
present from Zone 3 to Zone 1 due to dewatering Zone 1,
during excavation this hydraulic gradient would not
necessarily prevent downward migration of the DNAPL through
fractures opened by blasting. |

Alternative rock breaking methods which would not disrupt
Zone 2 include:

1. Expansive rock fracturing products; (e.qg.,
Bristar);
2. Pneumatic rock breaking; and,

Hydraulic rock breakers; (i.e., Hoe Rams).

Expansive rock fracturing products are generally used for
very small scale excavations in rock and generally in
situations where no vibration is permissible. The procedure
consists of drilling a series of holes in the rock into
which the expansive compounds are added. Subsequent
expansion of the product splits the rock. The chemical
compounds contained in the expansive rock fracturing
products may be intrinsically hazardous and are also
extremely expensive.

The use of pneumatic or hydraulic rock breaking equipment is
considered possible .since the dominant fracturing systen,
the horizontal bedding planes, are spaced less than about
one foot apart in the Zone 1 bedrock and the uniaxial
compressive strength of the rock is about 15,000 psi to
25,000 psi. Hydraulic Hoe Ram hammers, rather than
compressed air hammers, would be the more effective rock
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breaking equipment due to higher impact values and greater
energy efficiency of such equipment.

Excavation of bedrock in the DNAPL plume area would generate
a large volume of rock waste (over 1,000,000 cubic feet)
containing DNAPL and dissolved phase organic compounds.
Because of the anticipated concentration of the organic
compounds and their hazardous waste classification, it is
believed that much of the excavated rock would not meet land
disposal restrictions and would, therefore, regquire pre-
treatment, probably by incineration, or some washing process
prior to land disposal.

During excavation considerable quantities of impacted
groundwater would require pumping and treating to maintain a
relatively dry excavated area, andjor a grout curtain
seepage barrier would need to be constructed. To mitigate
potential exposure of workers and the surrounding
population, a suppressant foam may be required to minimize
volatilization of the organic compounds.

Though technically feasible, the excavation of the 2Zone 1
DNAPL plume area is rejected for the following reasons:

1. The reasons listed for the overburden plume;

2. Groundwater control in the bedrock would be more
technically complex than for the overburden (for
example, it may require a grout curtain, but this
could be used as a primary remedial technology in
itself without excavating the bedrock};

3. Excavation of Walmore Road would be required and
would entail relocation of two major sewer lines
and service utilities, etc.;

4. Excavation would be slow with a resultant increase
in potential exposure to the public;

5. Treatment of the excavated bedrock would be very
slow and very expensive; andg,
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6. ~ Disposal of the treated bedrock would be extremely
expensive. :

3.3.4 Containment _
Containment technologies include methods for physically
isolating the organic compounds from the surrounding
environment. Such methods include caps, cutoff walls, and
hydraulic control.

3.3.4.1 Capping

A cap is a low-permeability cover placed over an area to
restrict infiltration of precipitation and control surface
water runon and runoff. This action would somewhat reduce
the potential for development of a dissolved phase plume by
altering the subsurface flow regime. Such caps are
typically constructed of low permeability materials such as
synthetic membranes, asphalt, and/or clay materials. The
Neutralization Pond was closed with a low permeability cap.

Capping 1is potentially feasible for the overburden plume
area. It should, however, be noted that the 1low
permeability overburden already acts as a natural cap to the
DNAPL and dissolved phase plumes. Capping could possibly
result in a slight reduction of infiltration and a resultant
decrease in the generation of dissolved phase plume within
the overburden. However, the following points are noted:

1. Some of the overburden plume area 1is already
covered by asphalt in the parking lot south of the
access road from Walmore Road to the ARC rocket
test facility;

2. The overburden already has low permeability;

3. Capping would not- prevent horizontal flow of
groundwater through the overburden from the
surrounding area;
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. 4. Capping would not reduce the potential for
exposure of workers servicing shallow sewer
systems or telephone lines, etc.;

5. Less percolation of rainwater and snowmelt may
result in an increase in organic compound
concentrations in the overburden vadose zone; and,

6. Extraction of groundwater from the Zone 1 bedrock
would enhance vertical mnmigration of groundwater
from the overburden to the Zone 1 bedrock and thus
form a corrective action for the overburden
without a low permeability cap.

Additional capping of the overburden plume is not
recommended since it would not markedly enhance the present

condition.

3.3.4.2 Cutoff Walls
Since both the overburden and DNAPL plumes would not be
effectively or completely remediated by removal or in situ
‘ treatment, and since both plumes have the potential to
generate considerable quantities of dissolved phase plume by
predominantly horizontal groundwater flow, containment
technologies offer an appropriate corrective action response
for these plumes. These containment systems fall into three

categories:
1. = Construction of a low permeability cutoff wall;
2. Construction of a permeable trench to act as a

“hydraulic barrier; and,

3. Reducing the hydraulic conductivity of in situ
materials by grout injection.

Cutoff walls are vertical barriers with a low hydraulic

conductivity (10~5 cm/sec or 1less). Cutoff walls can be

constructed to enclose a plume or can be constructed up or

downgradient of a plume to change the hydraulic regime
. around a source or plume. Cutoff wall options include:
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1. Interlocking sheet piles;

2. Intersecting soldier pile walls;
3. Freeze walls;

4. Slurry walls;

5. Permeable slurry walls; and

6. Grout curtains.

Interlocking sheet piling systems have been developed that
enable the joint between the individual piles to be sealed
by grout. This method could be used for the overburden,
however the presence of sewer lines, water lines etc., would
involve substantial  technical difficulties during
construction. Additionally, it is technically difficult to
guarantee a seal at the contact of the sheet pile wall with
the bedrock surface. This option is rejected on engineering

feasibility grounds.

An intersecting soldier pile wall consists of parallel
vertical, bored or drilled, intersecting holes that are

‘subsequently backfilled with tremmied grout or concrete.

The resultant wall acts as a low permeability barrier to
horizontal migration of groundwater or DNAPL. An
intersecting soldier ©pile wall would be potentially
applicable to the overburden plume or 2Zone 1 bedrock DNAPL
plume. It should be noted that considerable technical
difficulties would be presented by the infrastructure both
above and Dbelow ground surface. These subsurface
difficulties would include reconnections of storm and
sanitary sewers, electrical conduits, and steam pipes.
Above ground problems would be posed by the presence of the
complex of Rocket Test Cell buildings, roads and services.

A freeze wall consists of closely spaced, low temperature

brine recirculation pipes that freeze the ground tc form a
vertical barrier of frozen groundwater and subsurface
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materials. Freeze -walls are usually emergency response
barriers or short-term construction systems for shafts or
similar excavated structures. Though effective, any frozen
barrier would have to be maintained year round. Since freeze
walls are designed to be used on a short term, temporary
basis, they are not recommended.

A slurry wall consists of a low permeability slurry, usually
of bentonite clay and soil, placed in an excavated trench.
Slurry walls are routinely constructed in soil for
groundwater control for civil engineering projects. Slurry
walls are constructed by excavating a trench in the
overburden to a 1low permeability geologic 1layer while
maintaining the stability of the trench by keeping it filled
with a dense, thixotropic, soil/bentonite clay slurry
mixture. It should be noted, however, that the overburden
soil is already known to have low hydraulic conductivity.
Further reduction of horizontal movement of groundwater
through the overburden may be unwarranted and, if
groundwater extraction is accepted as a corrective measure,
counter productive. * Although sliurry walls are commonly
constructed in soils with much higher permeabilities than
the overburden soil at the BAT site, this option has been
retained as a potential <corrective nmeasure should
groundwater extraction fail to provide sufficient hydraulic
control of the DNAPL plume.

Slurry walls can be constructed in bedrock by using a
"hydrofraz" (rock milling machine). This equipment consists
of a heavy narrow steel box that encloses hydraulic motors
which drive rotating cutting drums. The %“hydrofraz" is
lowered into the bedrock by a crane until it has cut a
trench to the required depth. Cuttings are removed by
circulating drilling mud in the trench. Presently available
(world-wide) "hydrofraz¥% equipment is limited to excavation
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of rock material with a uniaxidl strength of less than about
15,000 psi. The dolomites at BAT have compressive strengths
in the range of 15,000 psi to 25,000 psi. Moreover,
dolomitic rock 1is relatively abrasive. With currently
available "hydrofraz" equipment it 1is not considered
feasible to construct a slurry wall in the Zone 1 bedrock,
hence this option is presently rejected.

A permeable slurry wall consists of a trench filled with
graded, permeable (granular) material with a drainage system
at the base of the trench. The wall effectively forms a
groundwater collection or infiltration trench. By pumping
collected water from the trench, 1lateral migration of
groundwater past the trench is controlled. Construction of
such a trench is technically more complex than for bentonite
slurry walls because it requires the support of the
excavated trench during construction by a degradable starch
slurry. The starch slurry in the backfill pore space
subsequently degrades leaving a permeable trench backfill.
These systems, while effective, require maintenance to
ensure that the drain system at the base of the trench does
not clog. Given the 1low permeability of the overburden
soils and the potential to underdrain the overburden, this
corrective action alternative has been rejected.

A grout curtain consists of cementitious grout with minor
amounts of bentonite which is injected into the bedrock to
infill the fractures within the zrock mass and hence
reduce the flow of groundwater through the bedrock. A grout
curtain acts as a barrier to groundwater flow and would
serve to control the migration of the DNAPL and the
generation and migration of a dissoclved phase plume. A
grout curtain would alsc allow the hydraulic head within the
grout containment area to be controlled more easily.
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Since the construction of a grout curtain is an accepted
method for reducing groundwater flow through bedrock, it is
viewed as a viable candidate for controlling the DNAPL plume
should the use of a hydraulic control system prove to be
insufficiently effective. It should be noted, however, that
cementitious grout with bentonite additives can result in
reductions of hydraulic conductivity only to about 1072
cm/sec. Further reductions usually rely on the use of non-
cementitious grouts which contain organic viscosity reducing
agents such as triethanolamine and ammonium persulfate,
which may be classed as intrinsically hazardous and would
likely be rejected for use in a grout curtain by the NYSDEC
or USEPA. Consegquently, some leakage through a grout
curtain must be anticipated.

As a general rule, the addition of cement to the subsurface
regime can elevate the pH of the groundwater. Similarly,
colloidal bentonite clay may increase the amount of solids
suspended in groundwater pumped from the vicinity of the
grout curtain or other cutoff walls. Should a grout curtain
be required around the DNAPL plume these issues must be
addressed in the design of the treatment plant for pumped
groundwater. The use of a grout curtain for control of the
DNAPL. Plume has been deferred pending the results of
hydraulic containment studies.

Though it 1is technically feasible to construct a grout
curtain around the offsite dissolved phase plume such a
control measure would not prevent private parties from
extracting the groundwater contained within the grout
curtain. Additionally, the movement of the offsite plume is
very slow (Reference 1) so that a grout curtain would serve
little purpose. This corrective measure is rejected for
control of the offsite dissolved phase plume.
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3,3.4.3 Hydraulic Control
Hydraulic control of a groundwater system involves

manipulation of Ggroundwater flow directions by the
extraction and/or injection o©of groundwater. Such a
manipulation can be used to prevent migration of a plume
from occurring in a given direction or to cause migration of
a plume in a required direction.

Prevention of offsite migration of the dissolved phase
plume, generated by groundwater flowing through the DNAPL
plume area, is considered to be one of the most important
corrective action goals. Consequently a groundwater flow
model of the study area was developed using the FLOWPATH
computer code to allow assessment of the groundwater flow
regime. The details of this modeling effort are provided in
Appendix B. Various configurations of extraction wells were
simulated by the model to determine their impact on the fiow
regime in the DNAPL plume area. This study indicates that
the dissolved phase plume, generated by the interaction of
groundwater with the DNAPL, can be captured by four
extraction wells located adjacent to the DNAPL plume within
the BAT Plant boundaries . No reinjection wells are
required for this hydraulic containment scenario.

This corrective measure is considered to be the primary
candidate for DNAPL control. Hydraulic control and

extraction of the dissolved phase plume is discussed in
Section 4.

3.3.5_Collection

Collection of the organic compounds from the subsurface
involves the use of some form of extraction system which
could include hydraulic recovery, vapor extraction, steam
injection/vapour extraction, and/or in situ air stripping.
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Extracted materials are then treated or disposed in an
approved manner.

Several technologies have been considered for enhancement of
hydraulic removal of DNAPL. At this time, none of these
technologies are considered to be acceptable for use at BAT.
These technologies are briefly discussed in the following
subsection and presented in more detail in Appendix A.

3.3.5.1 Hydraulic Recovery
Hydraulic recovery involves the extraction of contaminated

groundwater from pumping wells or infiltration trenches for
treatment or disposal. As discussed in Section 3.3.4.3
hydraulic control of the groundwater flow in the DNAPL plume
by four extraction wells is considered feasible. The
groundwater modeling performed fér the site indicated that
two additional extraction wells could control the onsite
Zone 1 dissolved phase plume and that six extraction wells
placed along the Niagara Mohawk right-of-way could control
the offsite section of the Zone 1 dissolved phase plume.
Section 4.2 and Section 4.3. discuss these corrective
measures in more detail.

Extraction of groundwater from Zone 1 will reduce the
potentiometric head, thereby causing an upward hydraulic
gradient from Zone 3 to Zone 1 and downward hydraulic
gradients from the overburden to Zone 1. Studies are
presently being undertaken to determine the effect of this
gradient on control of the vertical movement of DNAPL
through Zone 2, the impact on the Zone 3 dissolved phase
plume, and the impact on.the overburden plume.

3.3.5.2 Vapor Extraction
This process involves the installation of vapor extraction
wells in the vadose zone. For the most part, the overburden
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soils in the overburden plume area are of low permeability
(less than 10-6 ‘cms/sec}). As such, vapor extraction
techniques would be ineffective since this method is usually
restricted to soils with permeabilities above 10~° cms/sec.
It is noted, however, that a coarser grained unit (a sand
lens) with higher permeability (105 cms/sec to 104
cms/sec) located above the basal till has been identified - in
the vicinity of the Neutralization Pond. As discussed in
the RFI (Reference 1) the sand lens may well be an isolated
offshore sand bar developed adjacent to the north shore of
the glacial lake which inundated this area during the late
stages of the Pleistocene. Since the sand 1lens and the
basal till is located below the water table vapor extraction
in the overburden, and the sand lens in particular, is
rejected as a corrective action. It is considered that the
downward hydraulic gradients caused by extracting
groundwater from the Zone 1 bedrock onsite will effect
improvement of groundwater quality in the overburden.

3.3.5.3 In Situ Steam Injection/Vapour Extraction
This process uses steam flooding to increase the temperature

of a contaminated zone to vaporize the volatile organic
compounds. The steam and volatiles are recovered with a
vacuum-enhanced vapor recovery system. The recovered vapors
are treated using either carbon adsorption, condensation or
other techniques to separate the steam-organic phases. This
option is rejected for remediation of the overburden due to
its low permeability and the presence of structures which
limit equipment access. This option has also been rejected
for use in the 2Zone 1 DNAPL plume because it has the
potential to drive the volatile organics compounds wvapors
into the overlying overburden where they may condense and be
even more difficult to remove.
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3,3.5,4 In Situ Ajr Stripping
In situ airstripping of the overburden, sometimes referred

to as sparging, involves blowing air through the overburden

and causing volatilization of organic compounds. This

process is rejected for the remediation of the overburden

because of the low permeability of the overburden soils.

This process is also rejected for use in the bedrock due to
permeability considerations and the potential to cause

mobilization of DNAPL or additional organic compound vapor
into the overburden or Zone 3, or both.

3.3.6__In Situ Treatment

Treatment technologies which have been considered include in}
situ vitrification of the overburden or biologic treatment.
Appendix A discusses currently available methodologies for
in situ treatment of DNAPL prior to extraction. This review
indicates that the DNAPL within the bedrock cannot be
effectively treated in situ.

3.3.6.1 In Situ Vitrification

In situ vitrification utilizes intense electric currents to
heat, melt, and solidify the overburden materiails. the
resultant glassy slag would be inert. This option is
rejected because:

1. The infrastructure (large massive concrete Rocket
Test Cells) would be in the way of the equipment;

2. It is considered to be somewhat pointless to
remediate only part of the overburden where the
underlying bedrock still contains organic
compounds; and,

3. The process is not efficient or effective with

high moisture content soils or high groundwater
levels such as those at the BAT site.
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3.3.6., n Situ Biologic De da

In situ biologic degradation utilizes either naturally
occurring micro-organisms or the introduction of specialized
species to degrade the specific compounds. In either case,
the micro-organisms (bacteria) are encouraged to utilize the
organic compounds directly or indirectly for food.
Typically, an insitu system requires injection wells to
allow introduction of the bacteria and nutrients, and
extraction wells for extraction of the treated groundwater
to stimulate migration.

No known bacteria degrade DNAPL (see Appendix A for further
discussion). Bacteria can impact dissolved phase
chlorinated organic compounds. Circumstantial evidence
suggests the presence of micro-organisms in Zone 1 that can
degrade trichloroethylene to 1,2-trans-dichoroethylene.
However, the size of the Zone 1 dissolved phase plume and
the lack of access (much of the land is privately owned)
preclude the use of in situ biodegradation. The use of this
process has been rejected from further consideration.

3.3.7 Treatment

The review of the potential corrective action alternatives,
as discussed above, strongly indicates that the main
components of the selected system at BAT will involve

extraction and treatment of groundwater. To determine the
appropriate treatment technologies for the extracted
groundwater, BAT retained the services of Resource

Technology Group (RTG) of Denver, Colorado. This company
has completed studies of the treatability of groundwater

from the dissolved phase plume. The work completed to date
includes:

1. A pilot test of air stripping and carbon
adsorption on a 12,000 gallon sample of
groundwater obtained during the pumping test
completed adjacent to the DNAPL zone;
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2. Equilibrium Carbon Adsorption Testing;
3. Dynamic Multiple Carbon Column Testing;

4, Ultra violet/oxidation testing (completed by
Perioxidation Systems Inc.); ang,

5. Development of preliminary Plant Process Flow
Sheets for a potential onsite system and offsite
systen.

The treatability study report is provided in Appendix C.
These studies indicate that the treatment methods for
extracted groundwater should be split into two components
consisting of:

1. Onsite treatment of grocundwater extracted from the
DNAPL plume and commingled with the groundwater
extracted from the onsite dissolved phase plume;
andg,

2. Treatment of dissoclved phase groundwater extracted
from the offsite plume.

These treatment plants are described in Secticons 4.2.2 and
4.3.2.

3.3.8_ Disposal/Discharge

Hazardous and non-hazardous materials generated during
corrective action implementation, such as drill cuttings and
excavated overburden soils may be disposed at an

appropriately licensed waste disposal facility.

The concentrations of chlorinated volatile organic compounds
in the groundwater extracted from the Zone 1 groundwater
extraction systems would preclude discharge to a surface
discharge point or POTW without prior treatment to reduce
these concentrations to acceptable 1limits. Though
potentially feasible to discharge treated groundwater to a
surface discharge point, the presently envisioned discharge
option would be via a revision to BATs current discharge
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permit for release of water to the Niagara County No.l
District POTW sewer system.

3,4 Summary .

This review has resulted in the rejection of several of the
identified potential corrective action alternatives on the
basis of engineering infeasibility and ineffectiveness. The
available feasible and effective technologies for
remediation of the overburden and the dissolved phase
chlorinated organic compound plumes in the Zone 1 and Zone 3
bedrock are groundwater extraction and treatment. It must
be noted, however, that the rate of remediation and the
attainment of any cleanup levels for the groundwater will be
difficult to predict with certainty. Consequently,
groundwater extraction and treatment require monitoring for
drawdowns, pumvpingv rates, contaminant locad removed, and
changes in groundwater chemistry, in order to evaluate
overall system effectiveness. The monitoring program for
the preferred system is discussed in Section 5.

Figure 14 presents the currently preferred corrective
measures program. The components. of this system are listed

below:
- Control of rocket test cooling water;

- Control of precipitation runoff in the drainage
ditch on Walmore Road;

- Clay stops and capping of Walmore Road Sanitary
Sewer trench;

- Onsite groundwater extraction wells in DNAPL plume
area; :

- Onsite dissolved phase groundwater extraction
wells;

- Offsite dissolved phase groundwater extraction
" wells (subject to site access and compliance with
applicable zoning rules);
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- Onsite treatment plant; and,

- Offsite treatment plant (subject to site access
and compliance with applicable zoning rules).

In addition, should groundwater extraction wells prove to be
insufficiently effective in preventing the migration of the
onsite dissolved phase plume and control of the onsite
overburden plume, the following physical containment systenms
have been deferred for future consideration:

1. Overburden slurry wall;
Zone 1 bedrock grout curtain around DNAPL; and,

3. Zone 1 bedrock soldier pile wall around DNAPL.

The proposed corrective measures are described in further
detail in Section 4.
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4.0 CO CTIVE MEASURES. PROG
4,1 Ancillary Measures

Control Rocket Test Cooling Water and ecipit o

Runoff
During the pumping test, completed in well 87-14(1) adjacent
to the DNAPL plume and within the Zone 1 dissolved phase
plume, it became apparent that discharge of non-contact
cooling water from the Rocket Test Cells to the drainage
ditch élong Walmore Road results in significant pressure
changes in the Zone 1 aguifer (References 1 and 12). It is
believed that water in the ditch infiltrates into the
granular backfill in the adjacent sewer trench which has an
invert close to the bedrock surface. Observations of water
flowing in the drainage ditch indicate the potential for at
least several gallons of water per minute, of either storm
water and/or non-contact cooling water from rocket testing,
to seep into the sanitary sewer trench backfill and increase
the hydraulic pressure in the Zone 1 bedrock. It is also
known that a considerable quantity of water flows in the
backfill of this sewer. It is believed that no clay stops
were installed in this trench when the sanitary sewer line
was constructed.

These flows of water in the sanitary sewer trench backfill
probably influence the movement and the development of the
dissolved phase groundwater plume in Zone 1. Additionally,
when the flows of water from runoff and rocket testing
cease, the water levels in the overburden and water pressure
in the Zone 1 bedrock are higher than in the sanitary sewer
‘and trench for some period of time. This condition results

in the potential for seepage from the overburden and bedrock
to the backfill of the trench.

To restrict these flows of water within the sanitary sewer
trench backfill, clay stops will be installed in the trench
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at the upstream and downstream locations of the Zone 1 DNAPL
and overburden containment systems. Additionally, the
discharge of water from the Rocket Testing Cells and storm
water runoff will be hydraulically isolated from the Zone 1
bedrock and overburden by constructing a new drop culvert
and pipeline within a clay backfilled trench. Construction
of these ancillary actions will be subject to approval by
the municipality and sewer authorities.

4.1.2 Control Seepage Alo Walmor oad Sewer Trenc

It has been observed that a considerable guantity of water
flows in the backfill of the sanitary sewer which runs along
the west side of Walmore Road. To prevent this and to
reduce the potential for movement of groundwater in the
Walmore Road Sanitary Sewer trench backfill, the preferred

ancillary action is the construction of clay stops in the
trench.

The clay stops would be located to the north of the
Wheatfield Plant Northern boundary and at the south end of
the overburden plume (see Figure 14). This ancillary action
would be completed after the onsite treatment plant is
constructed so that any seepage water encountered during
excavation of the trench could be treated, if required,
prior to discharge to the POTW. To further reduce the
potential for inflow of seepage water prior to excavation
sodium silicate or similar grouts could be injected into the
granular trench backfill on either side of the two
excavations thus forming a reduced permeability zone within
the backfill.

4.2 Offsite Groundwater Control System
The most viable approach to corrective action for the Zone 1
dissolved phase plume is considered to be groundwater
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extraction and treatment prior to release to the POTW.
These remedial measures are discussed below.

4,2.1 Offsite Groundwater Extraction System

To determine whether a groundwater extraction system could
be designed for the offsite area, a finite difference
computer model, FLOWPATH, developed by the University of
Waterloo, Ontario, Canada, was used to simulate groundwater
conditions in the area. Details regarding this model and
the model analyses are provided in Appendix B. A summary of
the results are provided herein.

The model was calibrated with known regional and local area
groundwater and stream level data (Reference 1). Hydraulic.
conductivity values from the extensive testing program
completed for the RFI (Reference 1) was used as input data
along with porosity values of 1 percent and 3 percent for
the 2Zone 1 aquifer. These two values were considered to
represent the likely range of porosity values for Zone 1
(see Figure 13). Several extraction well configurations
were simulated with varying groundwater extraction rates to
determine optimum well locations given the access
constraints. The configuration considered most appropriate
for remediation of the offsite plume involves a system of
six wells located along the Niagara Mohawk Right of Way as
shown on Figure 14. These wells would be cased through the
overburden to the bedrock and open across the 2Zone 1
dolomite. The groundwater pumped from this system, about 42
gallons per minute {gpm), would be conveyed by an
underground double walled pipeline to a treatment plant. A
potential 1location for the treatment plant is shown on
Figure 14. The actual location of the wells and treatment
plant will be dependent on approval by Niagara Mohawk Power
Corporation and access and zoning restrictions.
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The potential treatment plant design for the offsite system
is discussed in Appendix € and Section 4.2.2. Detailed
design of the groundwater extraction system will .be
presented in the Corrective Measures Implementation (CMI)
Plan.

Solute transport modeling of the effectiveness of the systen
is presently being completed using the finite difference
FTWORKS solute transport code. This model is based on the
USEPA validated finite difference MODFLOW computer code.
Initial simulations of the change of groundwater chemistry
caused by pumping groundwater from the offsite Zone 1 plume
indicates considerable improvement will occur quite gquickly.
The results of this solute transport modeling, which will
incorporate an assessment of the impact of matrix diffusion,
will be reported in the CMI Plan.

4.2.2 Offsite Groundwater Treatment System

To provide for the treatment of the extracted groundwater,
two treatment plants appear to be the most viable approach.
The ability to construct an offsite plant will depend on the
ability of BAT to obtain the necessary permits, easements
and meet the required zoning regulations.

The offsite plant would treat water from the offsite
extraction system to remove and treat the volatile organic
compounds, primarily trichloroethylene, 1, 2 trans-
dichloroelthylene, and vinyl chloride. Preliminary results
from solute transport modeling indicate initial total
volatile organic compound concentration in the first year of
pumping to be about 300 ppb to 600 ppb. Appendix C provides
the results of the treatability tests for the onsite and
offsite groundwater. These tests indicate that
airstripping, UV oxidation and carbon absorption are

Golder Associates



April 1991 =37- 913-6384

potentially applicable for the treatment of offsite
groundwater.

Based on the desire to reduce volatile organic compound
emissions in a residential neighborhood and the poor loading
of vinyl chloride on carbon, the currently preferred
treatment system for the extracted groundwater prior to
discharge ‘to the POTW is the Ultra Violet Oxidation (UVOX)
method. This methods oxidizes the chlorinated oxrganic
compound molecules to hydrochloric acid (very low levels),
carbon dioxide, and water.

Testing completed by UV Peroxidation Systems Inc. of Tucson,
Arizona, indicates that the concentration of volatile
organic compounds in the discharge water can be reduced to
very low levels. Analysis of groundwater samples for
natural inorg