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Thi s report presents cost and perf or mance
datafor asoil vapor extracti on systemat the
Rocky Mount ai n Arsenal (RV®) Superfund
site, Mtor Pool Area, in Cormerce dty,

@l orado. Soil vapor extraction (SVE) was
conduct ed fromJuly to Decenber 1991 as an
interi mresponse actiontotreat soil between
t he ground surface and groundwat er (vadose
zone). The contaninants of concernat thesite
ver e hal ogenat ed organi cs, prinarilytrichl o-
roethyl ene (TCE). Thi s acti on was conduct ed
inresponsetorequirenents ina Record of
Deci si on fromFebruary 1990 and a Feder al
Facilities Agreenent betweenthe US BEwiron-
nental Protection Agency (EPA), the Arny,
andother parties. Thisactionvasinitially
considered to be a pil ot study because it was
expect ed t o provi de perfornance data on SVE
at thissitethat coul d be usedto expand t he
system Duringthis application, the pilot-scal e
SVE syst emr enoved suf fici ent vapor cont am -
nant s fromt he vadose zone, and expansi on of
t he syst embeyond pi | ot - scal e was not neces-
sy.

The Mbtor Pool Area at RVA referredto as
Qperabl e Lhit 18, had been used for cl eani ng
and servi ci ng equi pnent, vehi cl es, and
railroad cars, andfor storingdiesel, gasdine,
and oi | products i n aboveground and under -
ground st orage tanks. M35, detected inthe
Mbt or Pool Area’ s soil and groundwat er, have
been attributed to rel eases of chl orinated

sol vent s used duri ng cl eani ng oper ati ons;

t hese sol vent s wer e di scharged t hrough f 1 oor
drai ns and pi pes into unlinedditches at the
site. Soil gas studies, conpletedwthinthe
Mbt or Pool Areain 1986 and 1989, identified
atrichl oroethyl ene (TCE) soil vapor pl une
ext endi ng north, northwest fromthe Mt or
Pool Area. ASVEsystemwas installedinthis
areainthel ocationwhere the hi ghest sail

vapor concentrations of TCE were neasur ed
w thinthe vadose zone, asidentifiedinthe
1989 st udy. The SVEsystemat this site was
princi pal |y desi gned to renedi at e t he soi |
vapors identifiedbythe soil gas studies.

The SVE syst emused wi t hi n t he Mt or Pool
Area consi sted of one shal | owvapor extrac-
tionwel | and one deep vapor extracti onwell,
and an act i vat ed carbon systemfor treat nen
of extracted vapors. Four clusters of vapor
nonitoringwel lswereinstalled as part of this
renedi al actionto aidinthe assessnent of

t he perfornance of the SVE system Wthin
five nonths of systemoperation, TCE| evel s i
soi | vapors were reduced froml evel s as hi gh
as 65 ppmto | evel s | ess than 1 ppm Appr oxi
nmat el y 70 pounds of TCE were recovered
duringthis cleanup action. The operating
paranet ers col | ected during the systems
1991 operationindicated that aclay | ense

| ocat ed beneath the site af fected t he S\vE
systems perfornmance by liniting boththe
shal | owand deep vapor extracti onwell s’
vertica zones of influence.

Thetotal cost for procuring, installing, and
operating the S/Epil ot system as well as
preparing a pil ot study report was $182, 800.
Thi s cost was appr oxi nat el y 15%l ess than t
prelininary cost estinate provided by the
renedi ati on contractor for the proj ect.

Appr oxi nat el y $74, 600 of the total costs
verefor activitiesdirectlyrelatedtotreat-
nent. Thi s val ue does not incl ude costs for
di sposal of carbon. The $74,600 for treatne
activities corresponds to $2. 20 per cubi ¢ yar
of soil treated (for 34,000 cubi c yards of soil)
thesoil treated containedrel atively | owl evel
of contaninants.
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Rocky Mount ai n Arsenal

Mt or Pool Area (Cperabl e Lhit 18)
Comrer ce A ty, ol orado

CERCLIS #: (05210020769

RCD Dat e: 26 February 1990

Backgr ound

Type of Action: Renedi al

Treatability Study Associated with Applic
tion? No

EPA S| TE Program Test Associated with
Application? No

Period of (peration: 7/16/91 - 12/16/91
Quantity of Material Treated During Appli
cation: 34,000 cubi c yards of soil. This val u
is an estinated anmount based on a treat nen
area 70 feet inradius (approxi nat e di stance
of thefarthest well cluster at whi ch an appre
ci abl e vacuumwas neasur ed duri ng vapor
extraction) by 60 feet i ndepth (approxi nate
total depth of the deep extractionwell and
depthtothe water tabl e).

H storical Activity that Generated Contani -
nationat the Ste: Mtor vehicle, railcar, and
heavy equi pnent nai nt enance, repair, and
clean ngactivities.

Cor respondi ng Sl C Code(s):

7699—FRepai r Shops and Rel at ed Servi ces,
Not H sewhere 4 assifi ed

Wast e Managenent Practice that Contrib-
uted to Contam nation: DO scharge to sewer

Ste Hstory: The Rocky Muntai n Arsenal is a
forner US Arny chemical warfare and

i ncendi ary nuni ti ons manuf act uri ng and
assenbl y facility that occupi es nore t han

17, 000 acr es nort heast of Denver, ol or ado,
as shownnon FHgure 1. Snce 1970, facility
activities have prinarily invol vedthe destruc-
tion of chenical warfare materials. The Mot or
Pool Area, referredtoas (perable Lhit 18, is
| ocat ed w t hi n t he Rocky Mbunt ai n Arsenal in
t he sout heast ern corner of Section 4, as
shown on FH gure 2. S nce 1942, this area has
been prinarily used by the Rocky Mbunt ai n
Arsenal for cl eani ng and servi ci ng equi pnent ,
vehicles, andrailroad cars, andfor storing
diesel, gasoline, andoil products in above-
ground and under gr ound st or age t anks. [ 6]

Fromthe early 1940s to at | east 1985, chl ori -
nat ed sol vent s wer e used duri ng equi pnent

cl eani ng acti vities wthinthe Mtor Pool
Area’ s Bui | di ngs 624 and 631. [7] Hal oge-
nat ed vol ati | e organi ¢ conpounds, i ncl udi ng
trichl oroet hyl ene (TGP and tetrachl oroet hyl -
ene, have been detected i n t he Mt or Pool
Area’ s soi | and groundwat er and t he cont am
nation has been attributedto the use of
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chl ori nat ed sol vent s during

equi pnent cl eani ng activities

w thinthese two bui | di ngs.

Chl orinated sol vents, alongwth
ol, grease, fuel, andather |iquids
and resi dues generat ed from
nai nt enance operati ons, were
di scharged t hrough fl cor drai ns
and pi pes i nto unli ned di t ches

| ocat ed bet ween Bui | di ngs 624
and 631, and Bui | di ngs 624 and
625. Hgure 2shows therel ative
| ocations of Buildings 624, 625,
and 631 wi t hi n the Mt or Pool

"
SECTION 4 SECTIO

} FOUNDATION

" //

FOQUNDATION , o
e

LEGEND
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Regul at ory Cont ext: Rocky s
Mount ai n Arsenal was added to
theNttiona Rioritieslist inJuy
1987. In 1988, as aresult of a
Gonsent Decree i nthe case of

Lhited States v. Shell Al Gom T ————=7=

pany, aFederal Facilities Agree-
nent was entered i nt o bet ween
five federal agencies: BPA the
Arny, the Departnent of the
Interior, the Departnent of Heal th

STORAGE TANKS n

KEY MAP, AMA
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and Hunan Servi ces, and t he
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Depart nent of Justice. This FENRNE
Federal Facility Agreenent estab- fg\ 0zl 7 e o250 500
MOTOR AREA POOL

| i shed procedures for inpl enent -

i ng cl eanup of the RVA as

speci fiedinthe Technical ProgramA an. The
Arny and Shell A1 Conpany agreed to share
certai n costs of the renedi ationto be devel -
oped and per f or ned under t he oversi ght of
EPA The Federal Facilities Agreenent specified
13 interi mresponse acti ons determned to be
necessary and appropriate, i ncludingthe
“Renedi ati on of G her Contam nation

Sour ces, ” whi ch covered the Mt or Pool Area.
[1 and 10]

Renedy Sel ection: The RCDfor the Mt or
Pool Area was signed on February 26, 1990.
I nteri mresponse action al ternatives consi d-
ered for the Mt or Pool Areawere no action,
nonitoring, institutional control's, cappi ng, on
siteand of f-siteincinerati on, bi orenediation,
thernal desorption, and soil vapor extraction.

v SCALE IN FE
RAL CLASSIFICATION YARD

Figure 2. Mtor Pool Area Pilot Study Vicinity Map [ 6]

Soi | vapor extraction was sel ected as the

i nteri mresponse action for the Mtor Pool
Areabecause it was acost effective al terna-
tive that was expected to provide an easily
i npl enented and, if necessary, expandabl e
net hod of reduci ng t he vol une of soil con-
tamnated with vol atil e organi ¢ conpounds,
speci fical ly the hal ogenat ed vol ati | e organi cs
detected inthe Mtor Pool Area’ s soil vapor.
Thepotential benefitsintheutilizationof soil
vapor extracti onwerethe use of rel atively
si npl e equi pnent intheinpl enentation of
t he t echnol ogy, the application of a nininal
amount of i ntrusi ve procedures such as
excavation, and the generation of asnall
anount of contaninated material s requiring
disposal . [1and §]
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Site Managenent: U S. Arny - Lead
Oversight: EPA

Renedi al Proj ect Manager:
S acey Eiksen

US BPA Region8

One Denver Pl ace

999 18th S reet

Denver, GO 80202- 2466
(303) 294-1083

ProgramManager: (Primary contact for
further infornmation onthis application)
James D Snith

Pr ogr am Manager

Rocky Mount ai n Arsenal

Attn: AMCPM RMVE

Comrerce AGty, GO 80022-1749

(303) 289-0249

Const ructi on Manager/ Vendor :
R ck Beyak

Vdodwar d- d yde Federal Servi ces
4582 S Uster &., Quite 1200
Denver, GO 80237

(303) 740- 2600

State Contact:

Jeff Edson

Qol orado Departnent of Health
4300 Cherry Oreek Drive Sout h
Denver, GO 80222-1530
(303) 692-2000

B VATRI X DESCRI PTI ON I

Matrix ldentification

Type of Matrix Processed by the Treatment SystemDuring this Application: Soil (insitu)

Cont am nant Characteri zati on

Primary contani nant groups that this

t echnol ogy was designed for inthis treat-
nent application: Hal ogenated Vol atil e

QO gani ¢ Conpounds

Two soi | gas studies were conpl etedinthe
Mt or Pool Area near Buil di ngs 624 and 631
in 1986, andathird soil gas study was com
pletedinthis areaduring July of 1989. The
gridsanplingresults fromthe Jul'y 1989 soi |
gas study are shownin F gure 3, and an i so-
concentration nap of thoseresultsis provided
inFgure 4. Hgures 3 and 4 showa TCE sai |
vapor pl une ext endi ng north, northwest from
an area north of Building 631 and west of

Bui | di ngs 624 and 625. [ 6]

Inadditiontothesoil gas studies, soil investi-
gations were conducted i n the Mt or Pool
Area, and docunented i n 1988. The soi |

i nvestigations indicatedthat M33s, including
TCE, ethyl benzene, and t ol uene, were present

innear surface soil sanpl es at or bel ow

4199 [6]

In Gctober 1990, five soil borings were

col lectedtofurther characterizethelateral
and vertical extent of hal ogenated MO in
the soi | west of Buildings 624 and 625. The
soi | borings, showninF gure5, were col | ect¢
tothe depth of groundwater. Soil borings
were sanpl ed at 5-foot interval s and ana-

| yzed for hal ogenat ed VOCs by Dat achem

| aborat ori es usi hg a gas chr onat ogr aphy
anal ytical nethodwth anelectrol ytic condu
tivity detector. [2and 6]

Theresults of this sanplingind catedthat
carbontetrachloride (Gd ) was the only
anal yte detected. G0 ,was detectedina
singl e sanpl e col | ected fromthe 18 to 19-
foot bel owground surface (B&) interval in
bori ng GCEMPAO005, at a concentrati on of
0.592 pg/ g. However, anal ysi s of the duplica
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APPRONMIATE BCALE M4 FERT

SP = SAND, POOALY

B8C = CLAYEY SAND

ar = GRAVEL, POOR
GRAOED

CL = CLAY, LEAN

area. Hgure 6shons therel ativelocations of 5
borings and the A A and B-B cross secti ons
that hel ped to characterize t he geol ogy of the
Mot or Pool Area and to define the aeri al

extent of vol atile hal ogenated organicsinthe
soi | west of Buildings 624 and 625. The

geol ogi ¢ cross sections that were produced,
based on the i nfornati on gat hered fromt hese
borings, are showninF gures 7 and 8. G avel
and gravel | y sands are present at the base of
theal l uvium especial lyinancient stream
channel s cal | ed pal eochannel s. [ 6]

The Denver Formation is the bedrock bel ow
the approxi natel y 70 to 100 feet thick all u-
vium It predoninant!y consists of claystone
w thi nt er bedded sandst one, siltstone, and
lignitebeds that vary fromapproxi nately 2to
20 feet inthickness. The bedrock surface
general |y sl opes tothe northwest, except near
t he nort hern boundary of the Mitor Pool Area,
wher e a nort hwest trendi ng pal eochannel wth
approxinately 70 feet of relief exists. [6]
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The naj or natrix characteristics af fecting cost or perfornance for this technol ogy are shown

bel owin Tabl e 1.

Table 1. Matrix Characteristics [6, 11, and 16]

Parameter

Value

Measurement  Method

Moisture  Content

Porosity

Total Organic Carbon

Non-Aqueous Phase Liquids

(SP-SM).

4.7 to 30.9%

Not measured

Not measured

Anavahla 1lait 10

Soil Types (Soil classification 0 to 35 ft. below ground surface (BGS): poorly Particle Size Analysis: ASTM Method D422-63
and particle size distribution) graded sand (SP), poorly graded sand with
gravel (SP), and poorly graded sand with silt

35.5 ft BGS: lean clay with sand (CL).
55 ft. BGS: poorly graded sand (SP).

Gravimetric Analysis: ASTM Method D2216-90

Permeability 0 to ~38 ft. BGS: 167 darcys Vacuum readings were taken at five-minute intervals
~55 ft. BGS: 2,860 darcys

P-7B and VES-4 during the system start-up until steac
state conditions were observed. Vacuum readings at ¢
location were plotted against the natural log of time. ~
slope and y-intercept of each plot were used in a John:
al., 1990, equation to predict soil permeability to air fl

No evidence of NAPLs was found within

Not Reported

B TREATMENT SYSTEM DESCRI PTI ON I

Primary Treat ment Technol ogy Type:

Soi | Vapor Extraction

Suppl ement al Treat nent Technol ogy Type
Post - Tr eat nent of Vapor s usi ng Car bon
Adsor pti on

Soi | Vapor Extraction SystemDescription and Qperation

As shownin FHgure 9, the SVE systemused i n
the Mot or Pool Area consi sted of a shal | ow
vapor extractionwel |, VES 3, | ocat ed above
the cl ay | ayer and screened bet ween 13 and

28 feet BG5, and a deep vapor ext

raction

vel |, VES 4, | ocat ed bel owthe cl ay | ayer and

screened bet ween 43 and 58 f eet
BGS The purpose of installing
bot h shal | owand deep vapor
extractionwel | s was to provi de a
neans for assessing t he af fect of
the cl ay | ayer onthe renoval of
M33s. The extracti on wel | s were
connect ed by i nsul at ed PMC pi pe
toaliquidvapor separator tank
desi gned t o renove condensed
water, asedi nent filter, and a 10-
hor sepower regenerati ve bl ower.
Exhaust ai r fromthe bl oner was
di scharged to two sets of vapor-
phase granul ar acti vat ed car bon

(GX canisters consistingof three

cani sters each. Thefirst series of

LA SO0

GAC cani st ers was desi gned t o renove

appr oxi nat el y 90%of t he TCE fromt he
extracted gas, whil e the second seri es was
used as a pol i shing step to renove renai ni n
TCE Atenporary buil di ng housed t he bl owel
and associ at ed equi pnent . [ 6]

LEGEND:
VES - SOIL VAROR EXTRACTION WELL
Pt ~ PRESSURE (VACUUM) INDICATOR
T = TEMPERATURE ‘NDICATOR
SP - SaM®.E PORT
v - VALVE
VRV - VACUUM RELIEF VALVE
GAC - GRANULAR ACTIATED CARBON (\

SEPARATOR
TANK

TK=1

L0
AR
DRAIN VALVE X\uz BLEED ‘

NN NS

n

POLISHING GAC o3
C PRIMARY GAZ | EXHAUST

e _ _ _ |

Figure 9. Soil Vapor Extraction SystemProcess Fl ow D agrai
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To better assess the perfornance of the SVE
system four clusters of soil vapor nonitoring
wel lswereinstalledinthe Mtor Pool Aea

H gure 10 shows t he | ocat i ons of t he vapor
extracti onwel | s and vapor nonitoring wel |
clusters. The vapor nonitoringwel | clusters
P5 P6, andP-7wereinstalledat theloca-
tions shown on FH gure 10 based on an anal ysi s
of theresults fromthe 1989 soi | gas survey
that showed a TCE vapor pl une extendingina

P.SA

22¢ %

BLDG 625

P
r e X OVERHEAD PIPES
L 2l STEEL PIPE SUPPORTS
QVERHEAD L -7 ¥ 317~
POWEALINES —_] B-78 2 ]

I
|
X P-8A | -
X p.sg8 -
VES-4
X p.sc : 4
.
| BLDG. 824
@ RALROAD
o 128 28 1.0
e ——
APPROXIMATE SCALE W FRET ~

VES=10 SOL VAPOR EXTMACTION WELL
p=SA X SOIL GAS MONITORING WELL

WOODEN PIPE SUPPORTS

shal [ ow; internedi ate, and deep vapor noni -
toringwells showninFHgure 10 areidentified
bytheletters A B and G respectively. [6]

Vapor extraction wel ls VES-1 and VES-2 sho

onHgure 10 were used to performaninitial

air perneability test in Qtober 1990 to

determne therel ationshi p between t he soi |

gas fl owrate and vacuumappl i ed at wel |

| ocations wthinthe Mtor Pool Area; these
wel | s were not connected to the Mt or
Pool Area’ s soil vapor extraction system
VES- 1 and VES- 2 wer e construct ed wi t hi
bori ngs COEMPAO001 and
QCEMPAD002, respectively, and t he dat
col l ected fromt hemwas used during th
desi gn of the SVEsystem [6]

Theinsitusoil vapor extraction system
was operated in 1991 and agai n briefly i
1993. Duringthe first four weeks of
operationin1991, referredtoas the
short-termoperating period, vapor was
extracted fromVES- 3 for weeks one anc
two and then fromVES-4 for weeks thre

l——svesvstemwocaton ~ and four. The | ong-t er moper at i on begar

i medi at el y after the short-termopera-
tion periodand continued for approxi -

nat el y four additional nonths. Duringtl
first part of thelong-termoperation, soil
gas was extracted fromVES-3 for approx
nat el y two weeks bef ore extracti on was
suspended for one week, to all owtine
for the desorption of V3G fromt he soi |

Figure 10. Mdtor Pool Area Pilot Study SVE Wl | Locations [ 6] and VCI:vapor recovery wthinthe vell.

general ly northtonorthwesterly directionfrom
the area west of Buil di ngs 624 and 625.
Mnitoringwel | cluster RP8wasinstalledto
the west of the vapor extractionwellsto

eval uat e any radi al heterogeneities. Each

cl uster had a shal | owvapor nonitoring wel |
screened between 12 and 14 feet BGS, an

i nternedi at e vapor noni tori ng wel | screened
wthinthe 30to 38 feet BGSsandy clay to
clay | ayer, and a deep vapor nonitoring wel |
screened bet ween 52 and 56 feet BGS. The

This cycl e was then repeated three ti nes
The second part of the | ong-termoperation
consi sted of the sane extracti on and recovel
cycle, repeatedthreetines, for VES-4. [6]

The syst emwas operat ed agai nin 1993 for i
48-hour periodto assess thelonger-term
effectiveness of thetreatnent provi ded duri|
t he systemis 1991 operati on. Thi s 48- hour
operatingperiodisreferredtoas averificati
programtest. [5]
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Li sted bel owin Tabl e 2 are the key operati ng paraneters for thi s technol ogy and t he val ues
neasured inthis application. Additional typical operating paraneters and data are shown on

Tabl e 3 bel ow
Tabl e 2. (perating Paraneters [6]
Parameter Value Measurement Method
Air Flow Rate 145 to 335 cfm at blower exhaust (SP-1) Orifice type flow meters
Operating  Vacuum 0 to 30 inches of water Magnehelic vacuum gauges
Table 3. SVEPilot Study Summary of Typical Cperating Conditions [6]
Vacuum
well Type of Vapor Well (inH L) Separ at or Tank Vacuum(PI-1):..... 18.2to 36.5
VES-3 Shallow Extraction 0-138 Separator Level Gauge: ..................... 0i
VES.4 Dee Extraction 0 3(') Bl ower Exhaust Tenp. (Tl1-1):............ 123 to
PoEA ShalloSv Monitorin 0-074 Bl owner Exhaust Pressure (PI-2):........ 8to 12
) ) g_ ' Bl ower Exhaust (SP-1):
P-5B Intermediate Monitoring 0 - 0.50
P.5C Dee Monitorin 0 - 050 HNu................. 0 to 20 ppm
P-6A Shauo‘\)/v Monitorii 0.10 l12 sensidyne............ 0to 15 ppm
P-6B Intermediate Monitogrin 0-4 1 5;5 Welocity . ... 2,600 t0 6,000 ft/mn
e o oo 9 o FlowRate ......... 145 to 335 cfm
o ShalloF\)N Monitorii 0 - 100 GAC Exhaust Temp (T1-2) .....ooovnoin.. 85 to
) ) g_ : ' GAC Exhaust Concentration (SP-5) (13.7 | bs/day st
P-7B Intermediate Monitoring 0.30 - 3.0 . Lo
pP-7C Dee Monitorin 0.30 - 3.05 emssion limt):
P oring : : HNU oo 0 to 3.7 ppm
P-8A Shallow Monitoring 0-1.85 .
) e Sensidyne . ................ 0 ppm
P-8B Intermediate Monitoring 0-210
P-8C Deep Monitoring 0 - 2.30
Ti el i ne

Atinelinefor thisapplicationis providedin Tabl e 4.

Table 4. Tineline [5 and 6]

Start Date End Date Activity
1942 — Active use of Motor Pool Area (MPA) by U.S. Army.
1986 1989 Soil gas studies conducted.
February 1990 — Record of Decision signed.

Site characterization of area west of Buildings 624 and 625 in the MPA
using five soil borings.

October 1990 —

16 July 1991 12 August 1991 Short-term SVE system operating period (4 weeks).
12 August 1991 16 December 1991 Long-term SVE system operating period (4 months).
Verification program testing and air monitoring of the soil vapor
29 September 1993 1 October 1993

extraction system.
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Neither the ROD[7] nor the | npl enent ati on Docunent [2] specified quantifiabl e cl eanup goal s

for the Mtor Pool Area.

Addi ti onal I nformation on Goal s

Wi | e no cl eanup goal s were specifiedfor the
Mt or Pool Area, chenical -specific goal s,

i ncl udi ng 5 pg/ L benzene, were establ i shed for
groundwat er treatnent for the Rail Qassifica-
tion Yard, | ocated adj acent to t he Mt or Pool
Aea [2 7]

Inaddition, althoughnot aquantifiablegoa,
theresults of the SEpilot study wereto be

Treat ment Performance Data

assessed af t er conpl eti on of the 1991 opera
peri od t o det er mi ne whet her t he TCE concen
tions inthe systems exhaust were | owand
relatively constant. Theresults of this assess
wereto be usedtodeternmineif afull-scale:
systemwoul d be requi red for soil cl eanup at
Mt or Pool Area.

Per f or mance dat a for t he SVE syst emoper -
ated in 1991 i ncl ude TCE concentrations in

t he vapor extracti on and nonitoring wells, and
i nthe bl oner exhaust, as wel | as t he vacuum
neasured inthe nonitoringwel I's. Table 5
contai ns a summary of the TCE concentrati ons
det erm ned by | abor at ory anal ysi s of charcoal

t ube sanpl es of vapor fromthe extracti on and
noni toring vel I s.

H el d sanpl i ng and anal ysi s of extracti on and
noni tori ng wel | vapors during the 1991
operating peri od was performed usi ng TCE

i ndi cati ng Sensi dyne t ubes and a H\u phot o-
ionization detector. Laboratory anal ysi s of gas
sanpl es fromt hese wel | s was by a nodi fi ed
N CBHnet hod utilizing a Gllan personal
sanpl i ng punp and char coal tube sanpl es.

(4

H gures 11 t hrough 26 showt he fol | ow ng
i nfornat i on:

B Figure 11-Sunmary of TCE Concen-
trati ons Det ernined by Laborat ory
Anal ysi s inthe B oner Exhaust.

B F gure 12—VacuumMeasured i n Soi |
Gas Monitoring Vel 1 s (SGWY During
VES 3 Extraction.

B  F gure 13-VacuumMeasured i n Soi |
Gas Monitoring Vel 1 s (SGWY During
VES 4 Extraction.

B Fgures 14 t hrough 17—¥CE Concent
tions Det ernined by Laborat ory Anal
inthe Shal | owMnitoring Vel | s.

B Fgures 18 t hrough 21-FCE Concent
tions Deternined by Laborat ory Anal
i n the Medi um(i nt er nedi at e dept h)
Mbni tori ng VeI | s.

B Fgures 22 t hrough 25-FCE Concent
tions Det ernined by Laborat ory Anal
inthe Deep Monitoring Vel | s.

B Fgure 26-Fotal nass of TCE extract
during t he 1991 SVE syst emoperati (
a function of the nunber of days of
syst emoper at i on.

Per f or mance dat a f or t he SVE syst emoper at ¢
1993 i ncl ude TCE and t et r achl or oet hyl ene ci
centrations inthe vapor extraction and nonit
vel I's. Heldsanpling and anal ysi s of wel | va
sanpl es associ ated wi th t he 48-hour test we
perforned w th an on-site Phot ovac 10S70
Chronat ograph. I n addition, passivated S
cani ster sanpl es were col | ected and sent for
sitelaboratory analysis. [5

The perfornmance data are presented i n Tabl €
through 9 as fol | ows:

B Tabl e 6-FCE and Tet r achl or oet hene
Goncentrations Measured nsite in
Shal | oy Medi um and Deep Moni t or
Wl s Prior tothe 48 Hour Test.
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DV UL wruuy wunmwa y U s y o v

Peoun v | v

TCE Concentrations (ppm)
Sampling Date | P-5A P-5B P-5C P-6A P-6B P-6C P-7A P-7B p-7C P-8A P-8B P-8C | VES-3
STS
7/16/91 12.9 30.2 34.2 27.8 36.8 34.1 65.4 44.4 36.3 15.5 19.4 4.3 N/A
7/17/91 23.5 6.3 ND 12.2 6.5 ND 7.6 10.8 ND 2.1 2.2 0.9 51.6
7/19/91 5.3 20.0 23.4 6.5 20.1 26.5 ND 24.6 25.7 ND 11.6 11.9 16.7
7124191 1.0 3.1 7.5 3.1 7.3 20.2 ND 14.4 8.3 ND 4.2 ND 10.6
STD
7/29/91 ND 2.1 ND 1.1 3.1 2.1 ND 3.1 2.1 ND 3.2 ND N/A
7/31/91 ND 0.7 2.8 ND 1.4 ND ND ND 2.2 ND 2.1 2.2 N/A
8/2/91 ND ND 0.7 ND 1.4 1.4 ND ND 1.4 ND 2.1 ND N/A
8/7/91 ND ND 0.7 ND 1.4 1.5 ND ND 1.4 ND 2.9 7.8 N/A
LTS
8/12/91 ND ND 2.8 ND ND ND ND ND ND ND ND 2.1 3.6
8/19/91 ND 0.7 ND ND 0.7 2.8 ND 2.1 2.1 ND 0.7 2.1 3.5
8/26/91 ND 1.1 0.4 ND 0.7 ND ND 0.7 ND ND 0.7 ND 2.7
8/30/91 ND 1.1 ND ND 0.7 0.4 ND 1.1 1.1 ND 0.4 0.7 —
9/3/91 ND 0.4 0.7 ND ND 0.4 ND ND 3.9 ND 0.4 ND 4.3
9/9/91 ND ND 0.4 ND ND 0.4 ND ND ND ND ND 1.0 2.8
9/16/91 ND ND ND ND ND ND ND ND ND ND ND ND 2.5
9/20/91 ND ND ND ND ND 0.7 ND ND 1.1 ND 0.4 ND —
9/23/91 ND 0.7 0.7 ND ND 2.0 ND ND ND ND 0.3 1.0 3.6
10/1/91 ND 0.5 1.2 ND 0.7 1.4 ND 1.1 1.6 ND 0.5 ND 2.8
10/7/91 ND 0.7 0.4 ND 0.9 2.1 ND 0.7 2.3 ND 0.5 1.6 3.2
LTD
10/11/01 ND 0.5 1.6 ND 0.7 1.2 ND 0.4 2.0 ND ND 1.9 N/A
10/15/91 ND 0.3 0.7 ND 0.4 ND ND ND ND ND 0.4 2.1 N/A
10/21/91 ND ND 0.5 ND ND ND ND ND ND ND ND ND N/A
10/28/91 ND ND ND ND ND ND ND ND ND ND 0.4 ND N/A
11/1/91 ND ND ND ND ND ND ND ND ND ND ND ND N/A
11/4/91 ND ND ND ND ND ND ND ND ND ND ND ND N/A
11/11/91 ND ND ND ND ND ND ND ND ND ND ND ND N/A
11/18/91 ND ND ND ND ND ND ND ND ND ND ND ND N/A
12/2/91 ND ND ND ND ND ND ND ND 1.1 ND 0.2 1.4 N/A
12/9/91 ND ND ND ND ND ND ND ND 0.6 ND 0.4 0.4 N/A
12/16/91 ND ND ND ND ND ND ND ND 0.2 ND ND 0.4 N/A
— Sanpl e not taken (recovery phase)
N D Not Det ect ed
STS Short-term shall owwell (VES-3) extraction
STD Short-term deep wel |l (VES-4) extraction
LTS Long-term shallowwel | (VES-3) extraction
LTD Long-term deep well (VES-4) extraction
N A Not Appl i cabl e
BU 2
| of
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Figure 11. Summary of Long -and Short-TermQperations [ 6]

Figure 12. Shall ow Extraction Wl | Vacuum Readi
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TCE Canec. In Manitoring Well (ppm)
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Figure 25. P-8C Deep Mnitoring Wl [6]

B Tabl e 7—FCE and Tet r achl or oet hene

Goncentrati ons Det ect ed by Labor a-
tory Anal ysis in VES 3 and VES- 4.

B Tabl e 8FCE and Tet r achl or oet hene

Goncentrations Measured hsitein
VES- 3 and VES-4.

B Tabl e 9—FCE and Tet r achl or oet hene

Tabl e

Goncentrati ons Measured nsitein
the Shal | ow, Medi um and Deep
Mbnitoring VI | s After the 48-Hour
Test.

7. Phase |1 SUWA Cani ster Results for the Vapor

Extraction Wl s During the 48- Hour Test Run [5]

Trichloroethen Tetrachloroethen

Vapor Time (hours Concentration Concentration
Extraction Well into run) (ppm) (ppm)*
VES-3 0.5 2.410 0.005
VES-3 16 4.150 0.005
VES-3 32 4.410 <0.010
VES-3 47.5 3.940 <0.010
VES-4 0.5 0.945 0.003
VES-4 16 1.800 <0.010
VES-4 32 0.752 <0.010
VES-4 47.5 0.703 <0.010

*Detection limt varies according to required sanpl e dil ution.

(1bs.)

Centaminoted Products Extracted

10 30 50 70 80

Days of Operation

Figure 26. Total Mass TCE Extracted [ 6]

Tabl e 6. Phase | On-Site GCResults for
the Soil Gas Monitoring Wl ls [5]

Soil Gas Trichloroethen Tetrachloroether
Monitoring Concentration Concentration
well (ppm) (ppm)
P5-A 1.400 0.020
P5-B 0.680 <0.015
P5-C 0.600 <0.015
P6-A 3.600 0.030
P6-B 0.790 0.050
P6-C 1.300 0.020
P7-A 5.400 0.020
P7-B 0.670 <0.015
P7-C 0.390 0.060
P8-A 0.300 <0.015
P8-B 0.070 <0.015
P8-C 0.360 <0.015

NOTE: These concentrati ons were neasured
prior tothe start of the 48-hour test.

Table 8. Phase || On-Site GCResults for the Ve
Extraction Wl |s During the 48-Hour Test Run

Trichloroethen Tetrach!

Vapor Time (hours Concentration Conce
Extraction Well into run) (ppm) (p
VES-3 0.5 4.300 <0
VES-3 4.75 1.400 <0
VES-4 0.5 2.000 <0
VES-4 47.5 0.380 <0

.
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Table 9. Phase Il On-Site GCResults
for the Soil Gas Monitoring Wl 1s [5]

Soil Gas Trichloroethen Tetrachloroethen
Monitoring Concentration Concentration
Well (ppm) (ppm)
P5-A 0.160 <0.015
P5-B 0.180 <0.015
P5-C 0.230 <0.015
P6-A 0.230 <0.015
P6-B 0.240 <0.015
P6-C 0.090 <0.015
P7-A 0.430 <0.015
P7-B 0.760 <0.015
P7-C 0.320 <0.015
P8-A <0.015 <0.015
P8-B 0.020 <0.015
P8-C 0.310 <0.015

TCE concentrations inthe vapor extraction,
vapor nonitoring well's, andinthe bl ower
exhaust decreased t o non-det ectabl e or | ow
| evel s during the SVE system's 1991 oper a-
tion. Accordingtothe Rocky Mountai n Arsenal
ProgramManager, the renedi al action ended
after conpl etion of the 1991 operati on

peri ods because t he reductions i n TCE con-
centrations detectedinthe S\Esystems
exhaust at the end of the study renai ned | ow
andrel atively consistent after rapi dy decreas-
ing during the short-termoperating period. As
shown in Tabl e 5, TGE concentrations i n soi l
vapor s col | ect ed fromt he vapor nonitoring
wel | s wer e reduced fromconcentrati ons
neasur ed as hi gh as 65 ppmat the start of
the systems operati onto concentrati ons | ess
than 1 ppmneasured at the end of the
operating period. The |l argest quantity of TCE
was extract ed during t he short-termoperation
of the shal | owvapor extractionwel |l (VES 3).

The rate of extracti on of TCEby the SVE

syst emduri ng t he 1991 oper at i on decr eased
over tine. As shownin F gure 26, approxi -

nmat el y 35 pounds of TCE were renoved i n
the first 30 days of operation, conpared wth
approxi mat el y 10 pounds of TCE r enoved
during the | ast 30 days of operation. Accord-
ingtothe vendor's project/construction

nanager, approxi nately 1, 000 pounds of GAC

were used totreat the exhaust air fromthe
bl ower, and approxi nat el y 70%o0f this GAC

was used during the systems operation. This
estimate i s based on t he assunpti on t hat
GACw I | typically adsorb approxi natel y 109
of itstotal weight i ncontamnants and

appr oxi nat el y 70 pounds of TCE were
extract ed over the course of the systems
1991 operation. [11]

Resul ts of the SVE system's 1993 48- hour
verification programtest, shownin Tabl es 6
and 9, indicatethat TGEconcentrationsinth
vapor nonitoring well s were |l ess than 6 ppr
prior tothestart of thetest and decreased t:
I ess than 1 ppmafter conpl eti on of the test.
Soi | vapor sanpl es col | ect ed fromt he shal | ¢
(VES-3) and deep (VES 4) vapor extraction
wel |'s during the 48-hour test are shownin
Tables 7 and 8. These resul ts indicatethe

| argest concentrations of TGE upto 4.4 ppn
vere detected i nthe shal | owvapor extractic
vell (VMBS 3).

The SVE system's 1991 resul t s shown i n Tabl
S5areillustratedinH gures 14 t hrough 25.
Fgures 14, 15, 16, and 17 indicate that the
SVE syst emwas ef fective in reduci ng TCE
concentrations wthinthe short-termopera-
tion periodtonondetect |evelsfor all four
shal l ownonitoring wel I s. Intermttent flow
operationinthe shal | owvapor nonitoring
vel | s did not cause areboundinthe soil gas
concentrationsinlater recovery periods.

F gures 18 t hrough 21 and 22 t hr ough 25
illustrate concentrations wth respect totine
i n t he medi umand deep vapor nonitoring
vells. Aswththe shal l owregi on, the TCE
concentrations inthe medi umand deep
vadose zones decreased to |l evel s at or near
nondet ect. The snal | increases i n TCE con-
centrations showninthese figures duringthe
initial part of thelong-termoperating period
recovery phases i s due to the reduced perm
ability of thesoil, and possibly deep vadose
zones.

Wii | e extracting vapors fromt he shal | ow
vapor extractionwell (VES-3) during the 199
operating period, vacuumneasured at the
nedi umand deep soi | vapor nonitoring well
renai ned rel ativel y constant, i ndependent of
their di stance fromt he shal | owextraction
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vell, as showninF gure 12. Asinmlar effect
occurred during extracti on fromt he deep
vapor extractionwell (VES4). H gure 13 shows
t he vacuumat t he shal | owsoi | vapor nonitor-
ingwellsrenainedrel atively constant i nde-
pendent of their di stance fromthe deep
extractionwel|. Theseresultsindicatethat the
| owner perneability of theclay |ayer found

bet ween 32 and 38 feet BGSin the Mt or

Pool Areawvas an effective barrier tosoil vapor
flow The |l ower perneability of the clay | ayer
prevent ed t he shal | owvapor extraction wel |
fromeffectivelyinfluencingthe deeper region,
and vi ce versa.

The vacuumdat a col | ected during the initial
portion of thetreatnent applicationindi cated
that cappi ng the Mt or Pool Areawith an
asphal t surface was not necessary si nce a

Performance Data Conpl eteness

sufficient zone of influence was createdwtt
any surface seal . For exanpl e, vapor nonitor
wel I P-5Awas 62.5 feet anay fromthe shal |
extractionwel |, and 0. 6 i nches of water col !
vacuumwas neasured inthis wel | .

Areviewof the soil vapor datafor each of th
clusters of nonitoringwellsind catesthat the
per f or mance of t he SVE systemwas i npact ¢
the particlesizedistributionand perneability
the geol ogic nedia. Theresultsfor theinter
at e vapor nonitoring well's showthat there
air perneabi lity wthinthe clay | ayer nay ha
i npeded t he ef fecti veness of the SVE syst et
(comparedwththeresults for the shal | owwel
interns of reachi ng and nai ntai ni ng a nonde
level for TGE The deep vel |l s showresults sir
tothosefor theinterned ate wells.

Per f or nance data for TCGEincl ude resul ts for
sanpl es of the untreat ed vadose zone soi |

and soi | gas, vapor withinthe vapor extraction
and vapor nonitoringwel s, and t he SVE
systenm's exhaust. Spent GACfromthe SVE
systemwas not sanpl ed. | n addition, because

Performance Data Quality

untreat ed soi | sanpl es showed no det ect abl
concentrations for TGE no post-treat nent so
or soi |l gas sanpl i ng was perforned. Typi cal
operating condi tions are known for the SVE
system's 1991 and 1993 operati ng peri ods.

Anal yti cal Q¥ QCprocedures i ncl uded use of
trip blanks for charcoal tube sanpl es. No

Procurenent Process

exceptions to the Q¥ QCprotocol were
i dentified by the vendor.

Bl TREATMENT SYSTEM cOST I

The US Arny was responsiblefor thesite
nanagenent during this treatnent application
and pai d t he associ ated costs. The US Arny
r et ai ned Vodwar d- d yde Gonsul tants to
nanage t he pl anni ng, desi gn, inpl enent ati on,
operation, and reporting of the treatnent
application. [8] Two negoti ated delivery
orders were establ i shed betweenthe U S
Arny Gorps of Engi neers (USACE) and
Vdodwar d- d yde Gonsul tants. Delivery O der
0003 covered the preparation of pre-pil ot
study pl ans, includinganarchitectural/engi-
neering firm(AE Laboratory Quality Gontrol

Pan, an AEQuality Gontrol Sanpling A an, &
Ste Sfetyand HalthHan, aPre-Alot Sudy
Investigations Han, andaFlot Sudy Progre
Docunent (1 npl enent ati on Docunent); and
covered associ ated fi el dinvestigationactivitis
[12] Delivery Qder 0004 covered the procur
nent, installation, andoperationof thepilot ¢
vapor extraction systemand preparati on of a
study report. [13 and 14]

The F nal | npl enentati on Docunent (Refere
2), devel oped under Delivery QO der 0003, pr
sented estinated total costs of $214, 500 t o
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install and operate the SVEpil ot system
These treat nent cost estinates were di sag-
gregated in Reference2intoatotal capital
cost estinate and atotal operating cost

esti mate, as shownin Tabl es 10 and 11.
Henents of thetotal capital cost estinate
presented i n Tabl e 11 were obt ai ned from
actual costs of sinmlar systens or fromvendor
quotes. [2]

an i nt eragency Vrk Breakdown Sructure
(VBS), as shown in Tabl e 13. The VBBS
speci fies 9 before-treat nent cost el enents,
after-treat ment cost el enents, and 12 cost
el enents that provi de a detai | ed br eakdown
of costs directly associatedwthtreat nent.
Tabl e 13 present s the cost el enents exactly
they appear inthe VBS alongwththe
specificactivities, and unit cost and nunber

RPF-042.PM5\0601-01.pm5

units of the activity (wWere appropriate). As
shown on Tabl e 13, RMAincurred SVEinstal |
tion and operation costs of $74, 600, which
corresponds to $1, 100 per pound of cont arn

The actual total costs provi ded by t he vendor
for procuring, installing, andoperatingthe S\E
pilot system as wel |l as preparingthe pil ot
study report are shown in Tabl e 12.

Inorder to standardi ze reporting of costs Tabl e 11. Estimated Total Qperating Cost [2]

across proj ects, costs provi ded by t he vendor
wer e cat egori zed according to the format for Elesilen. Rasss $8,500
50,000 KWH @ $0. 07/ KWH
Tabl e 10. Estimated Total Capital Cost [2] Car bon Changeout 5, 000
2,000 | bs @$2.50/1b
Nobbi | i zat i on/ Denobi | i zati on $600 Chenical Anal ysis 32, 600
V¢l | head I nstal | ation (VES 3 and VES-4) 6, 800 272 sanpl es @$120/ sanpl e
el i
’ 520 hours 50/ hr
Bl ower $5, 500 @s
Acti vat ed Car bon 14, 000 F el d Sanpl i ng Equi prent and Suppl i es 12, 100
I'nlet Separator 500 M scel | aneous Equi pment and Suppl i es 1, 000
I nst runent at i on 2,200 S i - . = o
Fi pil ng &\al vi ng 1,300 a ysi s and Report Preparation ,
Insul ation 200 Qubt ot al $115, 200
Imstallation 4, 000 15%Cont i ngency (appr ox.) 17, 300
Hectricd Instdlation 2,900 —_—
NEMA 1 Nbtor Starter 650 TOTAL ESTIMATED COST  $132,50(
Cabl e THW #10 AWG 100
Conduit %inch RS 150
ImEEllefien 2,000 Tabl e 13. Actual Total Treatnent Cost—ntera
Shed 7.000 Br eakdown Structure [15]
Subt ot al $57, 000 Cost Element Cost
25%Cont i ngency (appr ox. ) ﬂ Mobilization and Preparatory Work
$71, 300 - AE project management and mobilization 23
15%Cont ract or GH&P (appr ox. ) 10, 700 (lump  sum)
TOTAL ESTI MATED COST $82, 000
Monitoring, Sampling, Testing, and Analysis

- Monitoring wells (probes) and associated 17
piping (3 @ $5,958)

Tabl e 12. Actual Total Treatment Cost
as Provi ded by the Vendor [ 15]

Laboratory Analytical Costs (lump sum) 29

Air Pollution/Gas Collection and Control

- vapor wells and associated piping 17
Activity Cost (dollars) (2 @ $8,939)
Well and Monitor Probe Installation 35,753 Soil Vapor Extraction
- : : - installation and operating costs, including 74
Soil Vapor Extraction System Installation 39,450 GAC treatment (excludes laboratory
Soil Vapor Extraction System Operation 65,368 analytical costs) (lump sum)
Pilot Study Report Preparation 19,647 Otheln 19
- pilot study report (lump sum)
Project Management 22,587
Total Contract Award Amounts Reported by 18
Total for Delivery Order 0004 182,805 the Vendor ‘
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nant renoved (70 pounds renoved) and

$2. 20 per cubic yard of soil treated. The
nunioer of cubi c yards of soil treated at Rocky
Mbunt ai n Arsenal is an estinate based on the
radi us of influence of theextractionwells; the
actual amount of soil treatedis not availabl e
at thistinefor conpari sonwththe estinate.

The treat nent costs shown in Tabl e 13 are
based on contract award anmount s reported by
the vendor. [15] As Tables 12 and 13i | | us-
trate, individual cost el enents nay be pre-
sentedindifferent vays. (Thedifferencein
actual total treatnent costs presentedin
Tables 12 and 13 is attributed to roundi ng.)

The actual total treatnent cost of $182, 800
for procuring, installing, andoperatingthe S\E
pilot system as vell as preparingapilot study

Cost Data Quality

report was approxi nat el y 15%l ess t han t he
$214,500 total of the capital and operating
cost estinates provi ded by the vendor, as
shown i n Tabl es 10 and 11. Factors that
contributedtothe actual total cost bei ng
lover thanthe estimated total cost include: :
the contractor’s nobi | i zati on and denobi | i z&
tioncostsvwerelessthanorigina ly anticipate
because t he contract or was concurrent|y
engaged i n other projects at the R 2) the
shed’' s actual cost was | ess than the esti nat:
cost; 3) electrical power costs were pai d by
RVA and not the contractor, as was assune
intheorigina estinate; and 4) GAC
changeout was not required during the
system s operation, as was assuned i nthe
original estinate. (GACusedinthis applica
tioniscurrentlylocatedat the RA)

(ost datarepresent actual contract award costs incurredfor this project andthus accuratel y

portray the costs for this treat nent application.

OBSERVATI ONS AND LESSONS LEARNED DR

Cost (bservations and Lessons Lear ned

B Theactual total treatnent cost for procur-
ing, installing, and operatingthe SVEpil ot
system as vel | as preparingthe pil ot
study report was $182, 800. Thi s was
approxi nat el y 15%l ess than the prel i m-
nary cost estinate provi ded by the
renedi ation contractor. Factors contribut-
ingtotheactual cost beinglower thanthe
esti nat ed cost incl uded | ower construc-
tion and syst emoperati ng costs.

B The Rocky Mbunt ai n Arsenal Program
Minager identified the possibl e elinina-
tion of the GACtreatnent of exhaust
vapor s as a net hod of potentially reduc-
ingcosts of soil vapor extractioninfuture

appl i cations. This avenue was not
pursued for this proj ect because of
regul at ory consi derati ons.

B Approxi natel y $74, 600 of the total
costsverefor activitiesdrectly
relatedtotreatnent. Thi s val ue doe:
not i ncl ude costs for di sposal of
carbon. The $74, 600 for treat nent
activities corresponds to $2. 20 per
cubi c yard of soil treated (for 34,00
cubicyardsof soil); thesoil treated
containedrel atively | owl evel s of
cont ani nant s.
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& her

TElevelsintheso |l vapor at thissite
wer e reduced w t hin 5 nont hs of

syst emoperation froml evel s up to 65

ppmto | evel s of | ess than 1 ppm

Appr oxi mat el y 70 pounds of TCE were

recovered duringthis cl eanup acti on.

The cl ay | ayer i nhi bited t he dowward
novenent of TCEt hrough t he vadose

zone. The ngjority of the T(E ap-

(bservati ons and Lessons Lear ned

proxi nat el y 66% was extract ed
during operation of the shal | owvapc
extractionwel | .

Theresults of thepilot study indi cat
that TCE concentrations inthe SVE
systems exhaust at the end of the
1991 operating peri od were | ow anc
relatively constant, andafull-scal e
systemwas not required for the
Mt or Pool Area.

Thi s treat nent appl i cati on was

conpl et ed based sol el y on soi | vapor
data col | ected fromsoi | gas surveys
and the SVE system s extraction and
noni toring vel I s.

Because VOCs wer e not det ect ed
during soil sanpling, soil gas surveys

wer e used t o del i neat e t he TCE sour ce

areas and pl une | ocati on.

Inlieuof soil data, soil gas andsoil

perneabi | ity studi es provi ded dat a on

t he vadose zone paraneters at this
site. The data provi ded by t he per ne-
abi lity studi es was necessary for the

SVE syst emdesi gn and contributed to

the successful treatnent application
a thssite

A 48-hour test conpl eted two years
after thetreatnent applicati onwas
used t 0 assess the | onger-term
effectiveness of the SVE system The
48-hour test indicatedlittle rebound
TCE concentrations, wth TCEIl evel s
neasuri ng <6 ppmi n vapor nonitor
ingwells at thestart of the 48 hour
test, and decreasi ng to <1 ppmat t
end of the 48-hour test.

According to the Rocky Mount ai n
Arsenal ProgramManager, groundwe
ter concentrations of TCE have
dropped st eadi | y si nce conpl etionc
thepilat study.

D ST
S g,

S

Z
Do

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Solid Waste and Emergency Response
Technology Innovation Office



RPF-042.PM5\0601-01.pm5

Response Action at the Mdtor Pool Area,
Ver si on 4. 0. Wodwar d- d yde Gonsul t -
ants, R C900072R04, February 1990.

I npl emrent ati on Docunent for the Interim
Response Action at the Mdtor Pool Area,
Fi nal Version 3.1. Wodwar d-d yde

onsul tants, R C91052R01, Febr u-

ary 1991.

I nnovat i ve Treat ment Technol ogi es: Annual
Satus Report, S5thedition. US BEwiron-
nental Protection Agency, Septenber

1993.

Letter fromJanes D. Snith, Rocky Mbun-
tain Arsenal, to Radi an Gorporati on.
Mar ch 1994.

1993 Mbotor Pool Area | RA Verification
ProgramResul ts. Bhasco Servi ces | ncor po-
rated, 1993.

Soi | Vapor Extraction Pilot Sudy Report
Version 3.1, Mtor Pool Area, Rocky
Mount ai n Arsenal . Wodwar d- A yde
onsul tants, March 1992.

Super fund Record of Deci sion: Rocky
Mount ai n Arsenal , (Qperable Unit 18),
Q) Third Renedi al Action. US Environ-
nental Protection Agency, EPA RO RGB-
901038, February 1990.

Per sonal communi cation, Janes D Smth,
Rocky Mount ai n Arsenal . March 29, 1994.

Anal ysi s Preparation

10.

11.

12.

13.

14.

15.

16.

Rocky Mbuntai n Arsenal . April 26, 1994.

Rocky Mount ai n Arsenal, GO NPL Publ i
cations Assi stance Database, US Ewiro
nental Protection Agency, Region 8, B
| D #005210020769, March 1992.

Per sonal conmuni cation, R chard A
Beyak, VWodwar d- d yde Federal Servi ces
Novenber 2, 1994.

Letter fromWodward- d yde Consul t ant
toUS Arny Gorps of Engi neers, Qrahe
D strict. Septenber 1990.

Letter fromWodward-d yde Consul t ant
toUS Arny Gorps of Engi neers, Qrahe
Dstrict. My 1991.

Per sonal communi cati on, John Quander,
US BEwironnental Protection Agency, a
Scott Thonpson, U S. Arny Cor ps of
Engi neers, Kansas Gty Dstrict. Qctober
26, 1994.

st informationfor soil vapor extractior
at the Mtor Pool Area (QJ18), Rocky
Muntain Arsenal . US. Arny Gorps of

BEngi neers, Kansas Gty Dstrict. July 1994,

Letter fromWodward- d yde Consul t ant
toUS BEwironnental Protection Agency,
Gficeof Solid Wste and Ener gency
Response, Technol ogy | nnovati on G fi ce.
Jul'y 1994.

Thi s case study was prepared for the US BEwironnental Protecti on Agency' s Gficeof Solid
Vst e and Erer gency Response, Technol ogy | nnovation G fice. Assistance was provi ded by
Radi an Gor por ati on under EPA Contract No. 68- V- 0001.

S STz

Office of Solid Waste and Emergency Response
Technology Innovation Office

A <, U.S. ENVIRONMENTAL PROTECTION AGENCY
p

Z
Do



COST AND PERFORMANCE REPOF

Soi | Vapor Extracti

at t
Rocky Mount ai n Arsenal Superfund Si

Mot or Pool Area (QOU 18
Comrerce Gty, Colora

(D ST,
ST

B . Prepared By:

% U S Environmental Protection Agency
?('D O fice of Solid Waste and Ener gency Response
%

% /\\O Technol ogy | nnovati on O fice
AL prOTE”

\‘&\\OEWWS' .

March 19



RPF-042.PM5\0601-01.pm5

Not i ce

Preparation of thisreport has been funded whol Iy or inpart by the US Bwironnental Protec-
tion Agency under Gontract Nunber 68-VB-0001. It has been subject to adnini strative revi ew
by EPA headquart ers and Rocky Mbunt ai n Arsenal staff and by t he t echnol ogy vendor. Menti on
of trade nanes or comnercial products does not constitute endorsenent or recommendati on
for use.
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