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Baker Environmental, Inc.
Airport Office Park, Building 3
420 Rouser Road

Coraopolis, Pennsylvania 15108

(412) 269-6000

May 2, 1991 FAX (412) 269-6097

Commander

Atlantie Division

Naval Facilities Engineering Command
Norfolk, Virginia 23511-6287

Attention: Ms. Lauri Boucher, P.E.

Re:

Code 1822

Contract N62470-89-R-4814
Hadnot Point Industrial Area
Camp Lejeune Military Reservation

Dear Ms. Boucher:

This letter serves to summarize Baker's review of existing groundwater data at the
Hadnot Point Industrial Area. The objectives of this technical review were to examine:
(1) whether the data and analyses available are sufficient to support the design of an
extraction system for groundwater contaminated by VOC and TPH, and (2) whether
further investigation of the aquifer properties of the shallow water-bearing layer would
be desirable. The materials reviewed include the reports by O'Brien and Gere and
Environmental Science and Engineering.

A summary of the background information from these sources indicates:

The study area is dominated by storage structures and roadways, with little open
area for construction.

A shallow groundwater layer in a coastal formation of silty, clayey sands is
present.

The saturated thickness of the shallow groundwater is about 22 feet.

A vadose zone or free-board of unsaturated silty sands between the ground
surface and the water table is about 12 feet.

Floating product (diesel fuel) is present on the water table with a thickness of
approximately 3 feet.

VOCs and TPH constituents extend beyond the perimeter of the fuel layer floating
on the water table, where contaminants are present in the groundwater and, in all
probability, are permeating the vadose zone.

A second, semi-confined water-bearing layer is present below the surficial
aquifer, with similar sediments but having a greater saturated thickness.
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e A pump test of the second water-bearing layer calculated a transmissivity of
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about 7100 gpd/ft and a storativity of about 10-3.

calculated (by Baker) values of abot
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e The aquifer parameters calculated for the two aquifers are dissimilar; the low
value of transmissivity calculated for the surficial aquifer lies below the range
expectably available under Darcian (continuous groundwater flow) conditions
(predominantly, lateral groundwater movement).

e Given the similarity of the sedimentary layers, the expectable similarity of
aquifer parameters between the layers and the lesser saturated thickness of the
surficial aquifer compared to the semi-confined lower aquifer, the excursion from
Darcian conditions during the pump test of the surficial aquifer appears to have
resulted from dewatering of the water table and a transition from Darcian to
gravity (vertical) flow of groundwater.

e Given the low pumping rate of the surficial aquifer pump test (3 gpm) and the
departure from Darcian conditions, it is unlikely that any pump test will be
sucecessful in the surficial aquifer; therefore, further pump tests to support design
of a groundwater withdrawal system are not likely to be efficient.

The original perspective of the envisioned interim remedial measure was to extract
groundwater contaminated by fuel through pumpage in the water table, and to extract
water contaminated by VOC (where found) through a similar means. The review of
available information indicates that this approach will succeed in a normal fashion only
in the central part of the fuel/VOC layer, where the greatest contamination of
groundwater would be expected (i.e., near the source). The cone of depression developed
in the water table at the low pumping rate apparently available may not have a radial
extent sufficient to reverse the regional flow or to capture water from significant
distances; this cone of depression will, however, probably be sufficient to stabilize the
migration of the contaminated groundwater in the relatively gentle regional gradient
expected in this area.

The improbability of conducting a satisfactory pump test in the surficial aquifer
indicates that the orientation of any interim remedial measure may warrant
modification. The present orientation is based on design, for which suitable information
must be available. The absence of suitable information on the aquifer parameters will
not allow a detailed design that can predict the performance of the extraction system.
Therefore, the project orientation should shift from a de51gn criterion to a performance
criterion. Under the per formance criterion, the remedial measure is xmplememeu on the

nformation, then the design is adjusted during early operation of the

~ 4 anliincrs Flhma Aacinad macre 14 A mAanfAnmaonan
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Naval Facilities Engineering Command
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The probable low recovery rate and limited area of influence of groundwater pumpage
indicates that the system of groundwater withdrawal to achieve product movement for
product recovery (in fuel/VOC contaminated areas) could be supplemented by vadose
extraection (vapor extraction). This hybrid system offers several advantages; principal
among these is the ability to simultaneously remediate soils and groundwater. [ have
attached for your perusal information concerning this technology. Additional field
investigation, if this approach to an interim measure is adopted, is anticipated to be
minimal.

With respect to whether an interim remedial action is warranted at this time, there are
two obvious alternatives: no action and groundwater collection and treatment. The
rationale for implementing either of these alternatives are described below.

Considering that a fuel/groundwater extraction and treatment system will be
implemented at the site, the sources of the groundwater contamination are being
addressed. In addition, there is no immediate threat to human health at the study area
caused by the groundwater plume since the area is serviced by the CLEJ base water
supply. Thus, there appears to be some justification for not implementing another
groundwater remedial alternative at this time. However, implementing an interim
groundwater remedial action does have some benefits. The primary benefit would be
that performance data could be obtained in support of a final (permanent) remedial
alternative, which will most likely involve groundwater pumping and treatment (unless no
action could be justified through a risk assessment, which is probably unlikely since the
constituents exceed ARARs). Another benefit is that groundwater migration may be
stabilized, which may prevent further migration to the lower groundwater flow system.

We would be happy to diseuss the contents of this letter with you and/or your staff as
soon as possible. If LANTDIV decides that an interim action is warranted or desirable,
the details of the interim action could be presented in an interim remedial action
feasibility study.

If you have any questions, please feel free to econtact me at (412) 269-6036.

Very truly yours,

BAKER ENVIRONMENTAL, INC.

Ruguwond P Watthns

Raymond P. Wattras
Project Manager

RPW/Ilmn
Attachment

ece: Mr. D. A. Boucher, P.E. (Code 09A2)
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Superfund Site Soil Remediation Using

Large-Scale Vacuum Extraction

Ed Malmanis
David W. Fuerst

Robert J. Piniewski
Terra Vac Corporation
Tampa, Florida

ABSTRACT

Full-scale remediation of soils contaminated with various volatile
organic compounds (YOCs) was implemented at a Superfuad Site in
Michigan. The U.S. EPA’s ROD specified vacuum extraction for the
soil remediation. The site previously had been a facility used for the
storage and trunsfer of industrial solvents. Twenty-one underground
storage tanks still exist at the site.

A pilot-phasc cleanup project, conducted in late 1987, utilized four
soil vacuum extraction wells to verify design parameters for the full-

scale system. During the pilot-phase extraction, rates of VOCs (including
~, TCE and 20 other identificd VOCs) reached a maximum of 4400
y, with extracted air flow rates ranging up 1o 165 cfm per well.
—wosurface vacuum measurements indicated a radius of influence of
up to 75 ft was achieved.

A full-scale system consisting of 23 vacuum extraction wells, two
vacuum extraction units and a vapor phase carbon adsorption emis-
sion control system was started up in March 1988. Since remediation
of the soils was started, over 28,675 1b of VOCs have been removed
[rom the soils at this site by vacuum extraction.

INTRODUCTION

As part of U.S. EPA’s wial site remediation strategy, a soil vucuum
extraction system (VES) was sclected to remediate soils at a Super-
fund Site in Michigan. The vacuum extraction system removes vOCs
from soils by applying negative pressure, volatilizing the contaminant
in sity and drawing the vapors towards vacuum extraction wells where

they are removed from the subsurface for treatment. Conlaminated soils

were a continuing source of groundwater contamination for a municipal
well ficld. The soil and groundwater contamination consists of volatile
organic compounds. In 1987, Terra Vac was contracied to design, in-
stall and operate the VES in conjunction with other ongaing work at
the site which includes the recovery and treatment of groundwater.
The well ficld is located in Central Michigan and supplics potable
waltcr to over 35000 consumers. In 1981, VOCs were discovered in both
privaic and city wells; conscquently the well ficld was placed on the
NPL during 1982. Subscquent U.S. EPA investigations revealed soil
at a former solvent storage and transfer facility was ong source of the
groundwater contamination. The site had 21 undenground storage tanks,
same of which had previous!y Jeaked chiorinated and non-chlorinated
solvents.
=& ROD was signed in 1985 specifying soil vacuum extraction as the
:dial Measure for treatment of soil at the former solvent fucility
iminate one source of groundwater contamination. After cvalua-
i tion of possible air emissions due to excavation required for underground
slorage tank removal, the underground storage wsnks were scheduled
to be removed afler soil treatment by vacuum extruction is completed.

8 MONITORING & SAMPLING

N
)

Design and construction of the VES began in September 1987, Con-
struction was completed in March 1988, with full-scale operations com-
mencing thereafter,

VACUUM EXTRACTION SYSTEM DESIGN

Design and implementation of the VES began with a review of the
existing data base and development of a preliminary design based on
Terra Vac's modeling of the system, incorporating empirical data and
experience from other sites. Factors and design criteria that were ad-
dressed are discusscd below.

Hydrogeologic Considerations -

The geology at this sitc is composed of unconsolidaied material
derived from glacial outwash and floodwater channel deposits over-
lying the Marshall Formation, a sandstone bedrock. The'soils at the
site consist of fine to coarse grained sand with localized lenses of very
coarse sand and silty sand. Groundwater fluctuates between 20 and 25
ft below the ground surface, and a localized cone of depression is present
due to groundwater extraction wells both on and off-site.

Naturce of Contamination

Previous investigations indicated the presence of VOCs, mainly chlor-
inated hydroecarbons, iromatics and ketones, in the soils, Soil concen-
trations as high as 1800 mp/kg of specific contaminants were reported.
Contaminants included TCE, PCE, TCA, methylenc chloride, xylenes,
1,I-DCA, acctone, toluene and ethylbenzene,

Contamination was indicated throughoul the unsaturated zone, with
the possibility of a non-aqucous phase tiquid (NAPL) being present.
An arca of approximately 35000 ft* was addressed by the VES design.

Cleanup Criteria

Achicvement of cleanup criteria will be verified by post-treatment
soil sampling and analysis. The speceified cleanup criteria require all
so3t samples to be less than 10 mp/kg total VOCs with no more than
15% of the samples above 1 mg/kg total VOCs.

VES Emissions Controls
Air emission limits were placed on several VOCs present, requiring

the design and operation of un activated carbon system, Allowable con-
centrations at the VES discharge stack are shown in Table L.

Underground Thnk Impacts

Twenty-one underground tanks at the site are not scheduled for
removil until soif treatment s complete. The impact of the ks on
the subsurface flow regime and on subsurface vacuum levels was evalu-
ated and is reflected in the VES design.



Tuble 1
Air Emission Limits for YES Discharyes

Compound Stack Concentration (ppm)
Tetrachlorocthylenc 0.0024
Trichloroethylence 0.0073
Methylene Chloride 0.0406
Chloroform 0.0008
Carbon Tetrachloride 0.0016
Vinyl Chioride 0.0162
Benzene 0.0057

XTRACTION SYSTEM IMPLEMENTATION

A two- phawd upproach was used for the implementation of the VES
design. The first phase was & pilot test during which the preliminary
design was confinned. The second phase of implementation, full-scale
system design and construction, started imunediutely after data from
the pilot-phase were evaluated,

The pilot-phase had the following objectives

¢ To quumuy the subsurface residual VOC

the existing data base

* To verify the radius of influence of individual VES wells predicted
by the preliminary design

¢ To quantify VOC extraction rutes

* To evaluate the impact of the underground tanks on the VES

+ To obtain dat to optimize the VES design to meet performance ob-
u ctives in the shortest time
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Four vacuum extraction wells were installed in October 1987 1o serve
during the pilot-phase test of the soil remediation. During the installa-

o ton of the vacuum extraction wells, soils were sampled and analyzed

sing an on-site gas chromatograph (GC) and the headspuce method
quantify the distribution of VOCs in soils in the area of the pilot
wells. Residual VOC concentrations in the area of the four pilot west

wells were as high as 1380 mg/kg. The soll concentration data were

used to confirm the design basis of the vacuum extraction system, to
determine screened intervals and, later, to correlate monitoring results
with soil concentrations. la addition, a soil gas survey was performed
over the complcm site, includin;, suppon areas, to funher delineate the
arcal exient of soils io be ireaied by the VES.

Each well consisted of a 4-in PVC slotied well screen and riser, a
silica sund pack in the annular space and a grout seal 1o make the wells
suitable for vacuum service. Yells later installed as part of the full-
scale sysiem included both 4-in wells with slotted screen and 2-in con-
tinuous wire-wrapped screen. An aboveground PVC piping manifoid
wits connected 1o the equipment used during the pilot-phase, which con-

sisted of an air/water Senaralor, a vacuum extraction unit and uan emis-

sions control system contining four 1000 1b canisters of vapor phase
activated carbon (two in primary service and two in backup service).
A 30 {1 discharge stack was coanstructed.

Alter startup of the pilot-phase VES, each well was developed in-

dividuatly Numnns the davalaamant rmeriond Al o veomiiiim axtrsting we
dividually. Dunng the development period of a vacuum extraction well,

the soils surrounding the well are dried as air ffow paths are developed.
In addition, a well's maximum radius of influence is reached, and steady
state flows are established. For the wells at this site, the development
period for each well was very short, on the order of | 10 4 hr.

" During all phases of operation of the VES, individual welihead VOC
concentrations and other vapor stream concentrations throughout the
VES sre determined by on-site gas chromatography. Air flow rates are
measured using self-averaging pilot tubes or rolumelters, depending on
the magnitude of the flow rate. The radius of influence for cach well

i deterniined by measuring subsuriace vacuums using piezomeiers and

“er VES wells at different distances {rom the vacuum extruction well

zing developed. The radius of influence for the pilot-phuse VES wells
wus determined to be more than 75 fi.

Afier intermiuent operation of the pilot-phuse VES wells for approx-
imately 70 hr over a period of 15 days, construction of the full-scale
system was started. The full-scale vacuum extruction system begun oper-

e,

ation in March 1988. A total of 23 vacuum extraction wells were in-
stalled at the site, The Jocation and number of wells reflecied pilot-phuse
experience, sccounted for the effect on subsurtace airflows of the un-
derground tanks, and prowdud opc:mun;> ﬂuubxhly to ensure that all
affected areas wouid be treaied. Figure | shows the location of the VES

wells and other site features.
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Figure 1
Site Plan

Two vacuum extraction units provided a VES capacity of over 2000
cfm. The pilot-scale vapar phase activated carbon system was scaled
‘up 10 eight canisters with four in primary service, and four in buackup
service. Carbon adsorption efficiency was determined 10 be equivalent
under positive pressure and vacuum during the pilot-phase, therefore
the full-scale system was constructed with activated carbon under
vacuum {0 minimize leaks and eliminale possible emissions of
contaminant-laden air to the atmosphere.

Although the need to frequently change and regenerate activated car-
bon off-site during the first 10 days of operation dictated attended oper-

ation, the VES was designed and construcied for unauended operation.

Instrumentation and controls instalied included pressure, flow and tem-
perature indicators, a high water level shuidown in the air/water sepa-
rator, & carbon monoxide mounitor and shutdown controller in the
activated carbon system, hi;,h lemperature shutdowns and an on-lince
P1D VOC moniior for deieciing primary carbon sysiem breakihrough.

Vapor samples were anatyzed with the on-site GC at various YOC lev-
els o determine the PID monitor's response o specific compounds.
When VOC concentrations entering the buckup carbon systemn reac

a predetermined setpoint on the PID monitor, the VES 1s automatically
shut down. The vacuum extruction system s shown schematically in

Figure 2.
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Figure 2
Vacuum Extraction System Schematic
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Operating time for the vacuum extraction system through December
1988 was approximately 55 days. On-site GC has been used w monitor
~head VOC concentrutions and extraction rates. The logistics of

ging, trunsporting and regenerating uctivated carbon off-site have
. the himiting fuctor for VES operations.

FIELD ANALYTICAL PROGRAM

An on-site laboratory was established to provide rapid screening of
both soil und extructed vapor sumples. A Hewlett-Packard S890A GC
with dual flame ionization detectors and capillary columns was cou-
pled with a personal computer and chromatography software. Metho-
dology was developed 1o analyze for 22 organic compounds. Chlorinated
hydrocarbons (including TCA, TCE, PCE and viny! chloride), aronutics
(including benzene, toluene and xylenes) and ketones (acetone, MEK
and MIBK) were the three major groups of compounds for which we
analyzed.

The minimum detection limits (MDLs) for each compound of in-

- terest were determined. The MDLS ranged from 0.0001 mg/i to 0.0040
mg/l and normally showed more sensitivity for aromatic compounds
than chlorinated compounds. Culibrution was accomplished by injec-
uon of a centified standard gas. A QA/QC progrum was implemented
using standards, standard checks, replicates, duplicales and blanks.

During wel! installation, over 200 soil sainples were screened by the
on-site GC, providing field data to confirm VES well design. The on-
site laboratory routinely analyzed vapor samples for the purposes of
tracking VOC extraction rutes, verifying activated carbon breakthrough,
quantifying stack VOC discharge rates and monitoring the progress of
soil treaunent.

VACUUM EXTRACTION SYSTEM PERFORMANCE

During the operation of the vacuum extraction system, extracted air-

Masys from individual VES wells have ranged from 50 10 220 ¢fm, with

'ad vacuums ranging from 2 10 5 in. of mercury. Extraction rates

«rmined for individual VES welis by using measured flow rates

anu VOC concentrations obtained from on-site GC. A totu! VES ex-

truction rate is routinely determined. Tota!l VES extraction rawes are
confirmed by off-site analysis of spent carbon.

Individual initial VES well extraction rawes ranged from 4400 1b/day
10 23 Ib/day. The highest individual well extraction rate, 4400 Ib/day,
was measured at VE-2 during the pilot-phase. TCA was extracted at
@ rate of 1316 Ib/day, with TCE, PCE, toluene, methylene chloride und
xylenes all being extracted at rates in excess of 100 Ib/day. Figure 3
shows the relative extraction rates for VE-2 for the various VOCs.

15007

13te
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Figure 3

Relative Extraction Rates (Initial)
Extraction Well V1ii-2
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Vacuum extraction well VE-2, located adjacent to a cluster of tanks,
in addition w having the highest extruction rate, was the only VES well
that accumulated non-aqueous phase liquids (NAPL). At stnt-up of
the full-scale VES, 2.4 ft of NAPL were measured in VE-2, NAPL
thickness in VE-2 was routinely monitored. During the 55 days of oper-
ation of the VES, NAPL in VE-2 was eliminated. Figure 4 shows the
thickness of NAPL over time.

Each time the VES was shut down for carbon changeout, NAPL
recharged into VE-2. The totu! amount of VOCs extracted from VE-2
in 55 days is approximately 8000 1b. The NAPL extructed from VE-2
was extracted in the vapor phuse, and it is not possible to quantify how
much can be attributed to the liquid phase in the soil. Remediuation of
NAPL by the VES proved 10 be less lubor intensive compared 10 other
remedial options, such as bailing or pumping, while limiting the migra-
tion of NAPL.

2.8
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. Figure 4
NAPL Thickness vs. VES Run Time

Individual wellhead YOC concentrations declined during the opera-
tion of the VES. Since the concentration of YOCs in the airstreiim ex-
tracted from a VES well is representative of the aggregate soil gus
concentration within a well's radius of influence, the wellhead concen-
trutions provide an indication of the degree of cleanup being achieved.

Well VE-2 had the highest initiad wellhead concentrations, which were
measured 10 be in excess of 250 ppm 1otal VOCs during well develop-
ment. After approximately S5 duys of VES operations, wetlhend con-
centrations have decreased to less than 10 ppm in VE-2. Figure 5 shows
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Figure §
Welthead VOC Concentrutions Extraction Well VE-2



the wellhead concentrations for VE-2 over the VES operating period.
Similar declines in wellhead VOC concentrution have been quantified

.~ in the other VES wells. Figure 6 shows the decline of VOC concentra-

ions from over 40 ppm o approximately 2 ppm in extracted air from
VE-8.
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Figure 6
Welthead YOC Concentrution Extraction Well VE-8

At other sites where vacuum extraction has been applied, the well-
head concentration vs, time data follow a characteristic curve. Prelimi-
nary evaluation of the data from this Superfund Site indicates that soil
cleanup objectives will be attained in approximately 100 days of VES
operation,

™ To date, more than 28,675 lb of VOCs have been extracted by the

icuum extraction system, representing approximately 55 days of oper-
ating time for the VES, us shown in Figure 7, The total amount of YOCs
extracted is based on monitoring of the system using on-site GC. Off-
site analysis of spent carbon confirmed that the on-site monitoring was
accurate to within approximately 5% during the pilot-phase.
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Total Pounds VOCs Extracted

CONCLUSION

Vacuum extraction has been suceessful in significantly reducing VOC
concentrations in the soil at this Superfund Site. Although factors not
associated with performance of the VES huve resulted in approximate-
ly one year of activity at the site, the short VES operating time-frame
(approximately 2 mo) has resulted in the safe recovery of VOCs that
would take many years 10 recover using groundwaler recovery and treat-
ment or other ‘remedial alternatives.
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Summary

Terra Vac In Situ Vacuum
Extraction System
Groveland, Massachusetts

Terra Vac Inc’s vacuum extraction
system was demonstrated at the
Vailley Manufactured Products
Company, Inc., site in Groveland,
Massachusetts. The property is part
of the Groveland Wells Superfund
site and Is contaminated mainily by
trichloroethylene (TCE). Vacuum
extraction entails removal and
venting of volatile organic constit-
uents (VOCs) such as TCE from the
vadose or unsaturated zone in the
ground by use of extraction wells and
vacuum pumps. The process ot re-
moving VOCs from the vadose zone
using vacuum {s a patented process.

The eight-week test run produced

‘the following resuits:

e extraction of 1,300 Ib of VOCs

e a steady decline in the VOC
recovery rate with time '

e a marked reduction in soil VOC
concentration in the test area

o an indication that the process can
remove VOCs from clay strata

This Summary was developed by
EPA’s Risk Reduction Engineering
Laboratory, Cincinnati, OH, to
announce key findings of the SITE

program demonstration that is tuily
documented in two separate regorts
of the same title (see ordering
information at back).

Introduction

Environmental regulations enacted in
1984 (and recent amendments lo the
Superfund program) discourage the
continued use of landfilling of wastss in
favor of remediai methods that wiil reat
or destroy the wastes. The Supesrfuad
program now requires that, to e
maximum extent practicable, cleanups at
Superfund sites must employ permanant
solutions to the waste problem.

The Superfund Innovative Technology
Evaluation (SITE) program is one major
response to the challenge of finding safe
ways to deal with waste sites. Part of the
program includes carefully pianned
demonstration projects at certain
Superfund sites to test new waste
treatment technologies. These new
alternative technologies will destroy,
stabilize, or treat hazardous wastes by
changing their chemical, biological, or
physical characteristics.

Under the SITE program, which is
sponsored jointly by the USEPA Qifice of
Research and Development (ORD) and
the Office of Solid Waste and Emergency



,ponse (OSWER]), the USEPA selects
10 or 12 Superfund sites each year at,

which pilot studies-of promising
technologies can be conducted. Sites are
chosen to match the effectiveness and
applicabitity of a particular technology
with specific waste types and local
conditions. The pilot studies are carefully
manitored by.the USEPA. Monitaring and
data ‘collectron detsrmines how
effectively the technology treats the
waste, how cost-effectively the
tachnotogy compares with more
traditional approaches, and that the
operation can be conducted within all
public health and enwronmental
guidelines.

The Groveland Wells site was selected
for such a demonstration project for
1987. The site is the location of a
machine shop, the Valley Manufactured

Products Company, Inc., which employs -

approximately - 25 people and
manufactures, among other things, parts
for valves. The company has been in
business at the site since 1964. As an
integral part of its building-wide operation
of screw machines, the company has
“™-d different types of cutting oils and
reasing solvents, mainly trichioro-
_.iytene, tetrachlorosthylene, trans-1,2-
dichloroethylene, and methylene chioride.

The contamination beneath the shop
apparently is caused by a ieaking storage
tank and by former improper practices in
the storage and handling of waste oails
and solvents. The contamination plume is
moving in a northeasterly direction
towards and into the Mill Pond.

The USEPA has been involved since
1983, when the Groveland Wells site was
finalized on the National Priorities .List.
The initial Remedial Investigation (Rl) of
the Valley property was carried out by
the responsible party (RP), Valley

Manufactured Products Company, Inc. A -

supplemental Rl was conducted by

Vailsy in the fall/winter of 1987 to.
datermine more completely the full”

nature of contamination at the Valley site.
A source control Feasibility Study was
performed by USEPA to evaluate various
methods for cleaning up or controlling the

remaining contaminants. A Record of De- -

cision (ROD) for the site was signed in
October 1988 calling for vacuum extrac-
tion and groundwater stnppmg

The Terra Vac system is being utilized -

s many locations across the nation. This

ort is based on monitoring the Terra

i€ patented vacuum extraction process
(U.S. Patent Nos. 4593760 and 4660639)
at the Groveland Wells site during a four-
and-one-half-month field operation
period, with emphasis on a 56-day

"demonstrano'n test aénve treatment

period. The report interprets resuits of

" analyses performed on samples and

establishes reliable cost and perlormance
data in order to evaluate the technology s
apphcabmty to other sites.

The main objactwes of this project

5 were

e The quantification of the contaminants
removed by the process.

e The correlation of the recovery rate of
contaminants with time.

e The 'prediction of operating time

required before achieving site
. remediation.

° VThe affectiveness of the process in
removing contamination from different
soil strata.

Approach

The objectives of the project were
achieved by following a demonstration
test plan, which includaed-2 sampling and
analytical pian. The sampling and
analytical plan contained a quality
assurance project pilan. This QAPP
assured that the data collected during the
course of this project would be of
adequate quality to support the ob-
jectives.

The sampling .and analytical program
for the test was split up into a pretest
period, which has been called a

pretreatment pericd, an active period, .

mldtreatment and a posttreatment per-
iod.

The pretreatment perlod samplmg‘

program consisted of:"

e soil bormg samp(es taken with split
spoons ,

e soil boring samples taken with Shelby
tubes

e soil gas samples taken with punch bar
probes

Soil boririgs taken byA split Spobn
sampling were analyzed for volatile
organic compounds (VOCs) using

. headspace screening technigues, purge

and trap, GC/MS procedures, and the
EPA-TCLP procedure. Additional
properties of the soil were determined by
sampling using a Shelby tube, which was
pressed hydrautlically into the soil by a
drill rig to a total depth of 24 feet. These
Shelby tube samples were analyzed to
determine physical characteristics of the

* locations. The punch bar samples

subsurface stratigraphy such as bulk
density, particle density, porosity, pH,
grain size, and moisture. Thess param-
eters were used o define the basic soil
characteristics.

Shallow soil gas concentrations were
collected during pre-, mid-, and post-
treatment activities. Four shallow vacuum
monitoring wells and tweive shallow
punch bar tubes were used al samgple
Were
coliected from hollow staintess izl
probes that had been driven to a depih of
3 to 5 feet. Soil gas was drawn up the
punch bar probes with a low-volume
personal pump and tygon tubing. Gas-
tight 50-ml syringes were used to collect
the sample out of the tygon tubing.

The active treatment period consistec
of collecting samples of:

e wellhead gas

@ separator outlet gas

® primary carbon outlet gas

o secondary carbon outlet gas
® separator drain waler

All samples with the excepunn of tha
separator drain waler were anzlyzod or
site. On-site gas analysis consisted o
gas chromatography with a lhiamne
ionization detector (F10} or an clector
capture dstector (ECD). Vhe FID wa:
used generally to quantify the
trichloroethylene (TCE) and trans 1.2
dichloroethylene (DCE) values, while thi
ECD was used to quantify the 1,11
trichloroethane (TRI) and the tetra
chioroethylene (PCE) values.

The separator drain water wa
analyzed for VOC content using SW84
8010. Moisture content of the separatc
intet gas from the wells was analyze
using EPA Modified Msthod 4. Thi
method is good for the twa-phase flo
regime that existed in the gas emanatir
from the wellhead. See Table 1 for
listing of analytical methods applied.

The posttreatment sampling essential
consisted of repeating pretreatment sar
pling procedures at locations as close .
possible to the pretreatment samplit
locations.

The activated carbon canisters we
sampled, as close to the center of t
canister as possible, and these sampi
were analyzed for VOC content as
check on the material balance for t
process. The method used was P&C/
127, which consisted ot desorption of t
carbon with CS, and subsequent ¢
chromatographic analysis.
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. «ole 1. Analytical Methods

Parameter

" Analytical Method

Sample Source

Grain size

pH

Moisture (110°C)
Particle density
Oif and grease

ASTM D422-63

SW846° 9040 .

: ASTM D2216-80
_ASTM D698-78
_Swese 9071

EPA-TCLP . R. 11/7/86, Vol. 51,
No. 216, SW846* 8240

T0C SW846 9060

Headspace VOC . SW846" 3810

vOoC : GCIFID or ECD

voC _GCIFID or ECD

vOC SW846° 8010

vCC : SWB46" 8010

vOC Modified P&CAM 127

voC | SWB46* 8240

Soil borings

.. Soil borings

Soil bérings

- Soil borings

Soil borings

Soil borings

-

Soil bo}-i::gs
Soil borings
Soil gas

Process gas

~ Separator liquid
" Groundwater

Activated carbon

Soil borings

“Thurd ECLtion, November 1986.

Process Description

N,The vacuum extraction process is a

hnique for the removal and veating of
Jlatile organic constituents (VOCs) from
the vadose or unsaturated zone of soils.
QOnce a contaminated area is completely
dafined, an extraction well or wells, de-
pending upon the extent of contamina-
tion, will be installed. ‘A vacuum system
induces air flow through the soil, stripping
and volatilizing the VOCs from the soil

matrix into tha air stream. Liquid water is’

generally extracted as well along with the
contamination. The two-phase flow of
contaminated air and water flows to a
vapor liquid separator where contam-
inated water is removed. The contam-
inated air stream then flows through
activated carbon canisters arranged in a
parallel-series fashion. Primary or main
adsorbing canisters are followed by a
secondary or backup adsorber in order to
ensure that no contamination reaches the
atmosphere.

Equipment Layout and - :
Specifications ' .
The equipment layout is shown in
Figure 1, and specifications are given in
Table 2 for the equipment used in the
initial phase of the demonstration. This
“quipment was later modified when
forsseen circumstances required a
autdown of the system. The vapor-liquid
separator, activated carbon canisters, and
vacuum pump skid were inside the
building, with the stack discharge outside
the building. The equipment was in an

area of the machine shop where used.
cutting oils and metal shavings had been -

stored.. .

Four extraction wells (EW1 - EW4) and
four monitoring wells (MW1 - MW4) were
drilled south of the shop. Each well was
instalied in two sections, one section to
just above the clay lens and one section
to just below the clay lens. The extraction
wells were screened above the clay and
below the clay. As shown in Figure 2, the
well section below the clay lens was
isolated from the section above by a
bentonite portland cement grout seal.
Each section operated independently of
the other. The wells were arranged in a
triangular configuration, with three wells
on the base of the triangle (EW2, EW3,
EW4) and one well at the apex (EW1).
The thres wells on the base were cailed
barrier wells. Their purpose was to
intercept contamination, from underneath
the building and to the side of the
demonstration area, before this contam-
ination reached the main extraction well
(EW1). The area enclosed by the four
extraction wells defined the area to be
cleaned. .

Installation of Equipment

Weill drilling and equipment setup were
begun on December 1, 1987. A mobiie
drill rig was brought in and equipped with
hollow-stem augers, split spoons, and
Shelby tubes. The locations of the
extraction wells and monitoring wells had
been staked out based on contaminant
concentration profiles from a previously

conducted remedial investigation anc
from bar punch probe soil gas moni
toring.

Each well drilled was sampled at 2-loo
intervals with a split spoon pounded int
the subsurface by the drill rig in advanc
of the hollow stem auger. The hoilon
stem auger would then clear out the so
down to the depth of the spiit spoon, an
the cycle would continue in that manne
to a depth of 24 feet. The dalling tailing
were shoveled into S5-gallon tsms o
eventual disposal. Aflar the holun veir
sampled, the wells werg instalicd using ¢
inch PVC pipes screened -at variou
depths depending upon the characta:
istics of the soil in the particular hole. Th
deep well was instalied first, scresne
from the bottom to various depths.
layer of sand followed by a tlayer
bentonite and finally a thick layer of grot
were required to seal off the sectic
befow the clay lens from the sectic
above the clay lens. The grout wz
allowed to set overnight before th
shallow well pipe was installed at the (c
of the grout. A layer of sand beatoni
and grout finished the instaltation.

VOC Removal From the Vados:
Zone

The permeable vadose zone at tr
Groveland site is divided into two taye
by a horizantal clay lens, which
relatively impermeable. As explaine
previously, each extraction weil had
separate shallow and deep section
enable VOCs 1o be extracted from th
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Figure 1. Schematic diagram of equipment layout.
Table 2. Equipment List
Equipment -~ Number Required Description
Extraction wells 4 (2 sections each) 2" SCH 40 PVC 24’ l0tal depth )
Monitoring wells 4 (2 sections each) 2" SCH 40 PVC 24" total depth
Vapor-liquid separator " - 1 . 1000-gal capacity, steel
Activated carbon Primary: 2 units in Canisters with 1200 Ib of carbon in
_canisters paraliel - each canister - 304 SS
e Secondary: 1 unit 4 inlet and outlat nozzles
‘ “facuum unit . Lt Terra Yac Recovery Unit - Model PR17
o L _ (25 HP Motor)
Holding tank ' . H 2000-gal capacity - steel

Pump 1 1 HP motor - centrifugal
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Figure 2. Schematic diagram of an extraction well.

area of the vadose zone above and below
the clay lens. The quantification of VOCs
removed was achieved by measuring

+ gas volumetric flow rate by rotameter
and wellhead gas VOC concentration
by gas chromatography

e the amount of VOCs adsorbed by the
activated carbon canisters by

_ desorption into CS, followed by gas
chromatography.

VOC flow rates were measured and
tabulated for each well section
separately. The results of gas sampting
by syringe and gas  chromatographic
analysis indicate a total of 1,297 b of
VOCs were extracted over a 56-day per-
Jind, 95% of which was trichloroethylene.
’ “Sry good check on this total was

¢ by the activated carbon. VOC
«alysis, the resuits of which indicated a
VOC recovery of 1353 lb; virtually the
came resuit was obtained by two very
different methods.

The soil gas results show a con-
siderable reduction in concentration over
the course of the 56-day demonstration
period as can be seen from Figures. 3
and 4. This is to be expected since soil
gas is the vapor halo existing around the
contamination and should be relatively
easy to remove by vacuum methods.

A more modest reduction can be seen
in the results obtained for soil VOC
concentrations by GC/MS purge-and-trap
analytical techniques. Soil concentrations
include not only the vapor halo but also
intarstitial liquid contamination that is
either dissolved in the moisture in the soil
or exists as a two-phase liquid with the
moisture. : :

- Table 3 shows the reduction of the
weighted average TCE levels in the soil
during the course of the 56-day
demonstration test. The weighted
average TCE level was obtained by
averaging soil concentrations obtained
every two {eet by split spoon sampling
methods over the entire 24-ioot depth of
the wells. The largest reduction in soil
TCE concentration occurred in extraction

17.5"_ gentonite

- 18°
—- Sand
b= 19°
= Screening
= 24

well 4, which had the highsast initial leve
of contamination. Extraction well 1, whict
was expected to have the greates
concentration redection potential
exhibited only a minor decrease over the
course of the test. Undoubtedly this was
because of the greater-than-expactac
level of contamination that existsd in the
area around monitoring well 3 that was
drawn into the soil around extraction wal
1. The decrease in the TCE level arcunc
monitoring well 3 tends to bear this out.

Effectiveness of the
Technology in Various Saoil
Types

The soil strata at the Groveland site
can be characterized generally as con-
sisting of the following types in order of
increasing depth to groundwater:

+ medium to very fine silty sands
o stitf and wet clays
e sand and gravel
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_ Figure 3. Pretreatment shallow soil gas concentration.

Soil porosity, which is the percentage
of total soil volume occupied by pores,
was relativaly the same for both the clays
and the sands. Typically porosity, over
tne 24-foot depth of the wells, would
range between 40% and 50%. Perme-
abilities, or more accurately hydraulic
conductivities, ranged from 104 cm/sec

~= for the sands to 10-8 cmv/sec for the clays

vith correspanding grain sizes equal to
101 mm to 10-3 mm. o o
Pretast soil boring analyses indicated
in general that most of the contamination
was in the strata above the clay lens, with
a considerable quantity perched on top of
the clay lens. This was the case for ex-

traction well 4, which showed an excel-
lent reduction of TCE concentration in the
medium to fine sandy soils existing
above the clay layer, with no TCE
detected in the clay in either the pretest
or posttest borings (see Table 4). One of
the wells, however, was an exception.

‘This was monitoring well 3, which.con-

tained the highest contamination levels of
any of the welis, and was exceptional in
that most of the contamination was in a
wet clay - stratum. The levels of
contamination were in the 200 to 1600
ppm range betore the test. After the test,
analyses of the soil boring adjacent to
monitoring well 3 showed leveis in the

range of ND-GO ppm in the samg
stratum. The data suggest that
technology can desorb or othery
mobilize VOCs out of certain clays |
Table S). : ’

From the results of this demonstrz
it appears that the permeability of a
need not be a consideration in appl
the vacuum extraction technology.
may be explained by the fact that
porosities were approximately the s
for all soil strata, so that the total
area for stripping air was the same |
soil strata. It will take a long tune
liquid contaminant to percolate Lhn
clay with its small pore size
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consequent low permeability. However,
the much smaller air molecules have a

__________ N S T aTe P N T

lower resistance in passing through the

same pores. This may explain why ™

contamination was generally not present
in the clay strata but when it was, it was
not difficult to remove. Further testing

~"™auld be done in order to confirm this

fing.

Correlation of Declining VOC
Recovery Rates

The vacuum extraction of volatile
organic constituents from the soil may be

viewed as an unsteady state process
taking place in a nanhomogeneous
environment acted upon by the combined
convective forces of induced stripping air
and by the vacuum induced volatilization
and diffusion of volatiles from a dissolved
or sorbed state. As such it is a very com-
piicated process, even though the
equipment required to operate the

process is very simple.

Unsteady state diffusion processes in
general correlate well by plotting the
logarithm of the rate of diffusion versus

~
>

time. Although the representation of tha
vacuum extraction process presented

bhaca rmimht o emmawhat cimnlictic  tha
HQIT UYL U0 oUlinioiiatl slivipiioniy, uiu

correlation obtained by plotting the
togarithm of the concentration of
contaminant in the wellhead gas versus
time and obtaining a least squares best fil
line was reasonably good. This type o
plot, shown in Figure 5, represents the
data very well and is more valid than both
a linear graph or one platting
concentration versus log time, in which
best fit curve would actually predict gos
concentrations of zero or less.
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Table 3. Reduction of Weighted Average TCE Levels in Soil (TCE Conc. in mgikg)

Extraction Well

' Pretreatment

% Reduction

Posttreatment
1 .33.98 29.31 . 13.74
2 338 7236 30.18
3 T 6.89 ¢ - 6.30 8.56
. ::,.l‘-;ss.ro‘ - ~:.4.19_ ' .95.64
Monitoring Well B o _ N
1 © 110 0.34 T 69.09
2 " 1475 8.98 39.12
3 _227.31 84.50 62.83
4 0.87 1.05 -
Table 4. Extraction Weil 4--TCE Reduction in Soil Strata
Perme- TCE Conc. gpm
Depth . ability
ft Description of Strata cmisec pre post
0-2 Med. sand wigravei 104 2.94 ND
2-4 Lt. brown fine sand 104 29.90 NO
e 4-6 Med. stiff it. brown fine sand 105 260.0 39
' 6-8 Soft dk. brown fine sand 105 303.0 9
8-10 Med. stiff brown sand 104 '351.0 ND
10-12 V stiff it. brown med. sand 104 195.0 NO
12-14 V stiff brown fine sand wisiit 104 3.14 23
14-16 M stiff grn-ben clay wisilt 108 ND ND
16-18 Soft wet clay 108 ND ND
18-20 Soft wet clay 108 NO ND
20-22 V stiff brn med-coarse sand 104 NO NO
22-24 V stiff brn med-coarse wi/gravel 10‘3 6.71 ND
Table 5. Monitoring Well 3—TCE Reduction in Sdil Strata
Depin -‘?&(Irzg- TCE Conc. ppm
ft Description of Strata cm/sec pre post
0-2 M. stitf brn. fine sand 105 10.30 - ND
24 M. stiff grey fine sand 105 8.33 800
4-6 Sott it. brn. fine sand 104 80.0 84
6-8 Lt brn. fine sand N 104 160.0 NO
8-10 Sliff V. fine brn. silty sand 104 ND 63
10-12 : : : Co NR 2.3
12-14 Soft brown silt o 10 316.0 ND
14-16 Wet green-brown siity clay 108 195.0 NO .
ST 16-18 Wet green-brown siity clay 108 218.0 62
18-20 Wet green-brown silty clay 108 1570.0" 2.4
20-22 Siit, gravel, and rock frag. 104 . 106.0 " ND
22-24 M. stiff it. brn. med. sand - 104 64.1 NO
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Looking at the plots for extraction well
1, shallow and deep, equations are given
for the least squares best f{it line for the
data points. if the vacuum extraction
process is run long enough to achieve
the cetection limit for TCE on the ECD,
which is 1 ppbv, the length of time
required to reach that concentration
wouid be approximately 250 days on the

TCE Concentration in

Extraction Weii

Day of Active Treatment

shallow well and approximately 300 days
on the deep well.

Prediction of Time Required for
Site Remediation

The sail concentration that would be
calcutated from the wellhead gas
concentration using Henry's Law is in-

TCE Concentration in  Predicted by Henry'’s

Welihead Gas ppmv Soif ppmw Law ppmw
1S 9.7 54.5 0.11
10 5.6 7.2 0.07
2s 16.4 ND 0.20
o 2D 14.4 20.4 0.17
38 125.0 20.9 1.53
30 58.7 18.0 0.74
4S 1095.6 9.1 _ 1249

cluded in the last column of Tabie . Cal-
culations for the predicted sail concen-

...... [ D P

trations made assuming a bulk
density of the soil of 1761 kg/m3, a total
porosity of 50%. and a moisture content
of 20%. The caiculated air filled porosity
of the soil is approximately 15%. Henry's
constant was taken to be 0.492 KPwm3-
gmof at 40°F.
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Given the nonhomogeneous nature of
the subsurface contamination and

interactions of TCE with organic matter in_
the soil, it was not possible to obtain a -

good correlation between VOC concen-
trations in wellhead gas and soil in order
10 predict site remediation times. Henry's
Law Tonstants wereused 0 .calculals. soil
concentrations from wellhead gas
concentrations and the calculated values
obtained, correcting for air filled porosity,
were lower than actual soil concentrations
by at least an order of magnitude (see
Table 6). :

Before one can attempt to make a
rough estimation of the remediation time,
2 larget value for the particular contam-

inant in the remediated soil must be -

calculated. This target concentration is
calculated by using two mathematical
models, the Vertical and Horizontal
Spread Model (VHS) and the Organic
Leachate Model (OLM) (EPA Draft Guide-
lines for Petitioning Waste Generated by
the Petroleum Refinery Industry, June 12,

~™=3987). The mathematical models allow

o

Ye use of a regulatory standard for
Jrinking water in order to arrive at a
target soil concentration.

The VHS model is expressed as the
foilowing equation:

C, = C, erf (Z/(2(a,Y)05)) erf (X/(a,Y)0-5)
where:

¢, = concentration of VOC at compliance
point (mg/i}

C, = concentration of VOC in leachate
(mgn)

erf = error function (dimensionless)

Z = penetration depth of leachate into
the aquifer

Y ==disiancé from sigeb to compliance
point (m) ’

K = lengthr dfsitermeasured. pecpaadic-
ular to the direction of groundwater
flow {(m)

a, = lateral transverse dispersivity (m)

a, = vertical dispersivity (m)

.- A simplified veréion of the VHS mode!
is most often used, which reducses the

- above equation to: -

. where:

Cs =erf (Z/{2(a,Y)05)) erf (X/(a,Y)0-5),
which is reduced to a conversion
factor corresponding to the amount
of contaminated soil

The Organic Leachate Madel (OLM) is
written as:

C, =0.00211 C0.67850.373
wherse:

C, = concentration of VOC in leachate
(mg/)

- C,4 = concentration of VOC in sail {mg) '

S = solubility of VOC in water (ma:1)

The regulatory standard for TCE in
drinking water is 3.2 ppb. This regulatory
fimit is used in the VHS model as the
compliance point concentration in order
to solve for a value of the leachats coa-
centration. This value of leachate
concentration is then used in the OLM
model to solve for the target sott concen-
tration.

Once the target soil concentration is
determined, a rough estimation of the
remediation time can be made by taking
the ratio of soil concentration to weilheac
gas concentration and extrapotating ir
order to arrive at a wellhead gas concen
tration at the target soil concentration
The calculated target soil concentrauct
for this sile is S00 ppbw. This corre
sponds to an approximate welthead ga
concentration of 89 ppb for EW1S. Th
equation correlating wellhead gas cor
centration with time {see Figuie 5113 the
sotved to give 150 days rumung s,

After 150 days the vacuum extiaclic
system can be run intermittently to see
significant increases in gas concents
tions occur upon restarting, after at iez
a two-day stoppage. it there are «
appreciable increases in gas concenl
tion, the soil has reached ils residt
equilibrium contaminant concentrati
and the system may be stopped and <
borings taken and analyzed.

The full report was submittca in |
filment of Contract No. 68-03-3255
Foster Whesler Enviresponse, Inc., umn
the sponsorship. of the U.S. Envir
mental Protection Agency.
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The EPA Project Manager, Mary Stinson, is with the Risk Raductton Engmeer/ng
Laboratory, Edison, NJ Q8837 (see below).” .

The complete report consists of two volumes "entitled - “Techno/ogy Evaluatlon
Report: SITE Program Demonstration Test Terra Vac In Situ Vacuum
Extraction System, Groveland, Massachusetts:" .

“Volume { (Order No. PB 83-192 025/AS; Cost: $21. 95, sub,ect to change)
discusses the results of the SITE demonstration ' -

‘Volume iI" (Order No. P8 89-192 033/AS; Cost: $36.95, sub/ect to change)
- containg: the technicat operatmg data Isgsmthe.samphmand aaalyucal.-.data.
and the quality assurance data -

Both volumes of this report will be ava/lable only from:

National Technical Information Serwce _
5285 Port Royal Road c
Springfield, VA 22161
Telephone: 703-487-4650 . o
A refated report, entitled "Application Analysis Report Terra Vac In Situ Vacuum

Extraction System,” which discusses the applications and costs, is under
- development.

The EPA Project Manager can be contacted at
- Risk Reduction Engineering Laboratory
- U.S. Environmental Protection Agency .
Edison, NJ 08837 - -

United States . Center for Environmental Research ~,
Environmental Pfotectzon i Information

Agency . - Cincinnati OH 45268 -
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TERRA VAC'S DUAL EXTRACTION PROCESS

In response to the growing demand for a cost effective
combined groundwater treatment/vapor extraction technique to
simultaneously remediate soils and groundwater, Terra Vac has
developed a technical variation of the vacuum extraction process
termed ‘'Dual Extraction'. This technigue operates in
essentially the same manner as vacuum extraction except that the
well is outfitted with a groundwater pump, ejector system, or
vacuum water 1ift system to depress the groundwater table and
enhance the flow of contaminants through the induced vadose zone.
Thus, a single vacuum extraction well serves a 'dual' purpose, by
extracting contaminated groundwater at the same time as soils are
being cleaned. Terra Vac has implemented dual extraction at over
70 sites with excellent results.

Terra Vac has shown that the combined effect of groundwater
pumping coupled with vacuum extraction can increase the rate of
contaminant removal several fold. The added effect of vacuum
increases groundwater flowrates toward the well, and in some
instances, Terra Vac has recorded up to 15 times the groundwater
pumping rates when dual extraction is used compared to simple
groundwater pumping alone.



