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Text :

RECORD OF DECI SI ON
DECLARATI ON OF THE SELECTED | NTERI M REMEDY

Site Nane and Location

Target Area 3 of Area 6, West Managenent Unit, Dover Air Force
County, Del aware

St at enent of Basis Purpose

This Record of Decision (ROD) presents the selected interimrem
for Target Area 3, which was chosen in accordance with the requirenen
Conpr ehensi ve Environnmental Response, Conpensation, and Liability Act
(CERCLA), as anended by the Superfund Amendnents and Reaut horizadon A
1986 (SARA) and, to the extent practicable, the National G| and Haza
Subst ances Pol |l uti on Contingency Plan (NCP), 40 CFR Part 300. This d
prepared by the U S. Air Force, the | ead agency, as the owner/operato
is based on the Administrative Record for the Site. Support was prov
Envi ronnental Protection Agency (EPA) Region |1l and the Del aware Dep
of Natural Resources and Environnental Control (DNREC)

The State of Delaware and the U.S. Environnmental Protection Age
with the selected interimrenedy. The information supporting this in
action decision is contained in the information repository for the Ad
Record | ocated at the Dover Public Library, Dover, Del aware.

Assessnent of the Site

Four regions were identified in Area 6 where shall ow groundwat e
conbi ned concentrations of the chlorinated solvents trithloroethene,
and 1, 2-di chl oroethene in access of 1,000 ag/L. These regions were
the vicinity of the source areas for the chlorinated solvent plunes p
and were incorporated into areas for renmediation termed Target Areas.
addresses the interimrenedy for Target Area 3. The nmaxi num concentr
chlorinated vol atile organic conmpounds in Target Area 3 groundwater w
ag/L. Wiile a Risk Assessnment was not perfornmed specifically for Tar
ri sk associated with exposure to Area 6 groundwater under a hypothet
conmerci al /i ndustrial use scenario was 9 x 10-4.

A soil gas survey was conducted in the vicinity of Building 719
t he vadose zone source of chlorinated sol vent contanination. Severa
sol vent constituents were detected in soil gas sanples. The maximum
concentrations of the particularly notable chlorinated solvents ident
trichl oroethane (13,900 ag/L), 1, 1-dichloroethane (385 ag/L), and cis

Target Area 3

(>3,770 ag/L). These soil gas detections are a clear indication of v
contam nation near Building 719.



Actual or threatened rel eases of hazardous substances fromthis
addressed by inplenenting the interimresponse action selected in thi
present a current or potential threat to public health, welfare, or t

Description of the Sel ected Interi m Renedy

The selected interimrenedy consists of in situ biorenmediation
and soil utilizing co-netabolic bioventing and intrinsic biorenediat
bi oventing and intrinsic biorenediation are two of the biorenediation
being applied to the Target Areas to pronote the devel opnent of alter
i nnovati ve treatnment technol ogi es as encouraged under CERCLA. Perfor
the interimrenedy and conpliance with applicable or relevant and app
requirenents will be evaluated in the Final Basew de ROD

Statutory Deterninations

The selected interimrenmedi al action satisfies the renedial se
requi renents of CERCLA and the NCP. The selected interimrenmedy prov
best bal ance of trade-offs anmpbng the nine criteria required to be eva
CERCLA. The selected interimaction provides protection of human hea
environnent, conplies with federal and state requirenents that are le
or relevant and appropriate to the action, and is cost effective. Th
utilizes permanent solutions and alternative treatnment technology to
extent practicable, and satisfies the statutory preference for renedi
treatment that reduces toxicity, nobility, or volume as a principal e
Force understands that although this interimrenmedy may not achieve M
certain contanminants, this interimaction is only part of a total rem
Base that will be protective of the public health and wel fare and of
when conpl eted (CERCLA 121d, 42 U.S.C. 9621.d).

CHARLES T. ROBERTSON, JR Dat e THOMAS C. VOLTAGG O

Li eut enant General, USAF Hazar dous Wast e Managenent
Air Mbility Comrand Di vi sion Director
Chai r per son, Environnental Envi ronnental Protection Agen
Protection Conmittee Regi on |1

Target Area 3

RECORD OF DECI SI ON
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DECI SI ON SUMVARY FOR THE RECORD OF DECI SI ON
TARGET AREA 3 OF AREA 6
WEST MANAGEMENT UNIT
DOVER Al R FORCE BASE
| NTRODUCTI ON
Dover Air Force Base (DAFB) recently conpleted a Focused Feasib
(FFS) conducted to address chlorinated sol vent and pesticide source a
contamination in Area 6 of Dover Air Force Base (DAFB), Delaware as a
response. The FFS was undertaken as part of the U S. Air Force's Ins
Restoration Program (I RP). The basis for the FFS was the Area 6 Rene
I nvestigation (RI) report dated July 1994, which characterized contam
eval uated potential risks to public health and the environment. The
performed as the first phase of Feasibility Studies to be conducted o
Managenment Unit, the managenent unit to which Area 6 belongs. The sc
FFS was linmited to the evaluation of alternatives for renediation of
chl orinated solvent and pesticide source areas originating in the nor
portion of the Area 6 region of investigation. The final renediation

if necessary, and non-source area contamination in Area 6 posing huna

environnmental risks will be addressed in the final Base-w de Feasi bi

This Record of Decision (ROD) addresses Target Area 3, which is
chl orinated sol vent source areas evaluated in the FFS. This ROD sunm
FFS, describes the remedial alternatives that were evaluated, identif
alternative selected by DAFB, and explains the reasons for this selec
Envi ronnental Protection Agency (EPA) and the State of Del aware concu

interimremedy selected in this ROD

As an aid to the reader, a glossary of the technical terns used

provi ded at the end of the summary.



Target Area 3

PUBLI C PARTI CI PATI ON

The Proposed Plan for this site was issued on June 16, 1995. Th
comment period on the Plan was open through July 31, 1995. Docunents
the Administrative Record for the site were available at the Dover Pu
The only comments received during the public comment period were from
Renmedi ati on Technol ogi es Devel opnent Forum expressi ng support for the

i nterimremnedy.

SI TE BACKGROUND

DAFB is located in Kent County, Delaware, 3.5 niles southeast of
Dover (Figure 1) and is bounded to the southwest by the St. Jones Riv
conprises approximately 4,000 acres of |and, including annexes, easem

propery (Figure 2). The surrounding area is primarily cropland and w

DAFB began operation in Decenber 1941. Since then, various mli
have operated out of DAFB. The present host organization is the 436t
Its mission is to provide global airlift capability, including transp

equi pnent, and relief supplies.

DAFB is the U. S. East Coast hone ternminal for the C5 Galaxy air
Base al so serves as the joint services port nortuary, designhed to acc
the event of war. The C-5 Galaxy, a cargo transport plane, is the la
the USAF, and DAFB is one of a fewnilitary bases at which hangars an

desi gned to accommdat e these pl anes.

The portion of DAFB addressed in this RODis |ocated within Area

West Managenent Unit. The West Managenent Unit is one of four Manhage



<I MG SRC

<I MG SRC

<I MG SRC

<I MG SRC

Units into which the Base has been divided (Figure 3). Area 6 is the
associ ated areas identified in the West Managenent Unit. The Area 6
i nvestigation extends approximately 8,400 feet fromits northern nost
har dstand and Building 723 to its southern nost point near the St. Jo
(Figure 4). The area north of U S. H ghway 113 contains the industr

Target Area 3

0395209>

0395209A>

0395209B>

0395209C>

of the Area 6 region of investigation. The |ocation addressed in thi

this industrialized portion of Area 6.

DAFB is relatively flat, with el evations ranging from approxi mat
feet above nean sea level (MsSL). The ground surface is covered al nps
bui | di ngs, concrete, and asphalt. Surface water runoff throughout th
portion of Area 6 is controlled by an extensive storm drai nage system
drains direct nost runoff to either Pipe ElmBranch or the golf cours

St. Jones River.

The Col unbia Formation is the shall owest water-bearing unit and
wat er table aquifer. The Colunbia Formation typically consists of f
grai ned sand with varying amunts of silt, clay, and gravel. Discont
gravel, silt and clay are also common. Generally, the upper portion

Formation is finer grained and contains nore silt and clay |enses tha



portion. The water table is generally encountered at a depth of 10 t
ground surface (bgs) in the northern portion of Area 6 and shallows t
feet of the surface in the Base housing area near the St. Jones River
groundwat er el evation or potentionetric surface of both the shallow a
of the Colunbia Aquifer range from approxi mately 13.5 feet MSL in the
portion to less than 3 feet MSL near the St. Jones River. The thickn

Col unmbia Formation in Area 6 ranges from 28 to 64 feet.

Unconformably underlying the Colunbia Formation is the upper un
Cal vert Formation, which generally consists of gray to dark gray firm
clay, with thin lam nations of silt and fine sand. This upper silt a
in thickness from15 to 21 feet in the northern portion of Area 6. T
conductivity of this unit range from6.83 x 10-3 to 1.53 x 19-3 ft/da
X 10-7 cm sec), which are three to five orders of magnitude | ower tha
Col unmbi a Formation. These significantly |ower hydraulic conductivit
to the vertical migration of constituents identified in the Col unbia
Underlying this confining unit is the upper sand unit of the Cal vert

Target Area 3

Frederica Aquifer. This aquifer averages 22 feet in thickness in the
No constituents of concern were identified in the three Frederica non
installed in Area 6. Additionally, no production wells are installed

Aquifer in the vicinity of DAFB

Area 6 is defined by the association of chlorinated solvents in
forming a plume in the Colunbia Aquifer. Several separate potentia
identified in the Area 6 RI that may have contributed to the chlorina
contamination. These potential sources include sonme of the twelve IR

the Area 6 groundwater flow reginme shown in Figure 4. Additionally,



and hangars where solvents are used may al so be sources. The shop ac
sol vent use is comon include painting or paint stripping, aircraft a
mai nt enance, and plating or welding. The northern npst point of chlo
contam nation is the aircraft maintenance area | ocated north of Atlan

chl orinated sol vent plunmes extend approxi mately 4,600 feet south into

The Area 6 Rl identified four regions where shall ow groundwat er
ten feet of the Colunbia Aquifer) contained conmbined concentrations o
chlorinated solvents trichloroethene (TCE), perchloroethene (PCE), an
di chl oroet hene (DCE) in excess of 1,000 ag/L. These regions were inf
the vicinity of the source areas for the chlorinated solvent plunes t
Area 6. The groundwater data suggested that prinmary source areas res
vicinity of the followi ng reference points, which were incorporated
remedi ati on terned Target Areas:
O Pai nt Washout Area (Site SS59) |ocated al ong the eastern po
open storage yard. (Target Area 1)
O Civil Engineering (CE) Shops Area including Building 607 (C
Shop), Buildings 608 and 609 (Material Control/Supply Ofic
615 (Interior and Exterior Electrical Shop, Power Productio
and Sheet Metal Shop), and Building 650 (Sign Shop). (Targ
O Bui l di ng 719 housing the Jet Engine Repair Shop. (Target A

Target Area 3

O Bui | di ngs 715 and 716 housing the | SO Dock and an engi ne st
respectively. (Target Area 4)

The four Target Areas that have been identified are shown in Fig

Target Area incorporates one of the primary suspected source areas an

significantly inpacted portions of the shall ow and deep groundwater p



with the respective source area. Plume maps of total chlorinated VOC
and deep groundwater are shown in Figures 6 and 7, respectively. The
are the regions of chlorinated solvent groundwater contam nation that

in the FFS.

TARGET AREA/ SOURCE AREA CHARACTERI STI CS

The foll owi ng section describes the physical and chem cal charac

Target Area 3, which is addressed in this Proposed Pl an

Target Area 3 is located north of Target Area 1, originating nea
and extendi ng south about 800 feet where it joins Target Area 1. Bu
Jet Engi ne Repair Shop - once contained large dip tanks of TCE. The
of TCE fromthe dip tanks is a suspected source of the contam nation
suspected source is two fornmer underground storage tanks (USTs) that
in 1992 fromthe northeast side of Building 719. The USTs were conne
buil ding's drain system and col |l ected waste oils and spent solvents u
Target Area 3 is elliptically shaped and is approximately 3.7 acres
scal e maps of the chlorinated solvent plunes residing in the shallow
of the aquifer within Target Area 3 are shown in Figures 8 and 9, res
maxi mum concentration of total chlorinated VOCs in Target Area 3 grou
found in the shallow Colunbia at a concentration of 21,310 ag/L in th
source | ocation near Building 719. Mgration of the plune appears to

occurred through the deeper portion of the aquifer

A soil gas survey was conducted in March 1995 in the vicinity of
to better define the vadose zone source of chlorinated sol vent contam

Target Area 3



<I MG SRC

<I MG SRC

<I MG SRC

<I MG SRC

<I MG SRC

0395209D>

0395209E>

0395209F>

0395209G

0395209H~>

chl orinated solvent constituents were detected in soil gas sanpl es.
detected concentrations of the particularly notable chlorinated sol ve
include 1,1,1-trichloroethane (13,900 ag/L), 1,1-dichloroethane (385
cis-1,2-dichl oroethene (>3,770 ag/L). These soil gas detections are

of vadose zone contam nation near Building 719.

SUMVARY OF SI TE RI SKS

The full Risk Assessnent (RA) for Area 6 can be found in the fin
report dated July 1994. The purpose of the RAis to determ ne whethe
site-related contani nants coul d adversely affect human health and the
The focus of the baseline RA is on the possible human health and envi
effects that could occur under current or potential future use condit
that the contamination is not renediated. The risk is expressed as
cancer risk (LECR) for carcinogens, and hazard quotient (HQ for nonc
For exanple, an LECR of 1 x 10-6 represents one additional case of ca
mllion exposed popul ati on, wheresas a hazard quotient above one pres

of noncarcinogenic health effects in exposed popul ati ons.

The basel i ne RA focused on potential pathways by which nai ntenan

construction workers could be exposed to contaminated materials in Ar



wor kers' exposure to groundwater and soil have been eval uated under a
mai nt enance scenario; a future construction scenario; and a hypot het
groundwat er use from the Col unmbia Aqui fer under a comerci al /i ndustr
Al t hough a specific Target Area 3 RA has not been perforned, the risk
the Area 6 Renedial Investigation fromthe hypothetical future exposu
groundwater within Area 6 had an LECR of 9 x 10-4, which exceeds the
x 10-6 risk range used to evaluate the need for renediation. In add
Area 6 risk the Target Area 3 constituents of concern have been conpa
ri sk-based screening concentrations (RBSCs) approved by EPA for the ¢
i ndustrial scenario at DAFB to identify the chlorinated sol vents that

based concern.

Target Area 3

The possibility exists for exposure of workers to hazardous subs
during excavation activities. Source areas identified during excavat
wor ker protection as per health and safety protocols. Al workers pe

excavation work at DAFB will be health and safety trained for work at

Based on the direction of groundwater flow, the Area 6 plunme ext
southerly direction towards the St. Jones River. There are no surfac
points within Area 6 between the Target Area and the river. Present

plume is confined within the Base property, and has not reached the S

The future use of groundwater fromthe Col unbia Aquifer by Base
is quite unlikely and hypothetical. This hypothetical future groundw
that groundwater fromthe Colunmbia Aquifer will be used for drinking
pur poses by Base personnel under a commercial/industrial scenario. T

conpared with the maxi mum det ected concentrations of chlorinated solv



Area 3 (Table 1). Concentrations of three of the five detected chlor
1, 2-di chl oroet hene, perchl oroethene, and trichloroethene-in Target Ar
their corresponding RBSCs in groundwater. The concentrations of the
detect ed conpounds, 1, 1-dichloroethane and 1,1, 1-trithloroethane, wer

correspondi ng RBSCs.

Actual or threatened rel eases of hazardous substances fromthis
addressed by the selected alternative or one of the other active neas

may present a current or potential threat to public health, welfare,

REMEDI AL ACTI ON OBJECTI VE

Wthin the soils of Target Area 3, the interim Renedial Action O
(RAO) is to reduce the concentration of each ethyl-based chlorinated
conmpound (VOC) by 90 percent. The ethyl-based chlorinated VOCs inclu
TCE, 1,1-DCE, 1,2-DCE, vinyl chloride, 1,1,1-trichloroethane, 1,1-dic
1, 2-di chl oroet hane. These VOCs are considered to be the nost toxic a

the 90 percent reduction interimRAO is applied to each of these conp

Target Area 3

TABLE 2
Maxi mum Concentration Detected of Ethyl-Based Chlorinated Vol atiles
in Target Area 3, and Correspondi ng Conpound and Target Area
Specific Interim Renmedi al Action Cbjectives

Target Area 3

Maxi mum Interim
Conmpound Det ect ed RAO
1, 1- Di chl or oet hane 3 -(d)
1, 2- Di chl or oet hane ND 5(e)
1, 1- Di chl or oet hene ND 7(a)
1, 2- Di chl or oet hene 2,300 230
Per chl or oet hene 1, 000 100
1,1, 1-Trichl oroet hane 9 200( b)



Tri chl or oet hene 19, 000 1, 900
Vi nyl chloride ND 2(c)

Concentrations reported in units of ag/L.

ND -

RAO
(a)
(b)
(c)
(d)
(e)

Not Det ect ed

Renmedi al Action Objective

Maxi mum Cont ami nant Level for 1,1-Dichloroethene

Maxi mum Cont ami nant Level for 1,1, 1-Trichloroethane

Maxi mum Cont ami nant Level for Vinyl chloride

Maxi mum Cont ami nant Level has not been established for 1, 1-Dichl oroet
Maxi mum Cont am nant Level for 1,2-Dichloroethane.

Target Area 3

i ndividually rather than to the aggregate concentration of all the ch
For reasons of consistency, the 90-percent reduction nodel was based
Post-Cl osure Permit (Reference No. DE8570024010, Pemit No. HWS5A05) f

WP21 of DAFB, which is a unit that adjoins Target Area 3 to the west.

The maxi mum concentrations of the detected chlorinated solvent c
in Target Area 3 are sunmarized in Table 2, along with the conpound a
Area specific interimRAO. Table 2 also includes interimRAO concent
sonme sel ect conpounds that have not yet been detected in the Target A
sel ect compounds are cheni cal degradation products of sone of the cur
chl orinated sol vent constituents. Thus, reducing the concentration o
conmpounds at the expense of producing other chlorinated VOC degradat
will not itself be sufficient to satisfy the interimRAO. Note that
reduction fromthe maxi mnum concentrati on detected of a conpound is be

conmpound's MCL, the MCL is used as the interi mRAO

The issues of final cleanup |evels and attai nnent of ARARs will b
in the Final Basew de Record of Decision. The renedial action select

is only part of the renmedial action which will be selected in a Fina



SUMVARY OF ALTERNATI VES

Engi neeri ng technol ogi es applicable to renmedi ating the contam na

were screened according to their

ef fectiveness and inplenmentability.

technol ogi es that were determined to be the nost applicable were then

renmedi al alternatives.

The foll ow ng renedial

alternatives are nunbe

correspond to the alternatives described in the FFS report.

O Alternative 1-No Action.

O Alternative 2-Coll ection,

of Groundwat er,

Sol vent Source Areas if Necessary.

O Alternative 3-In Situ G oundwat er

and Performance of Soil

Ex Situ Treatnent, and Surface W

Vapor Extraction i

Treatment Using Air Spar

Density-Driven Convection Technol ogi es Conmbi ned Wth Soil

Target Area 3

TABLE 1

Maxi mum Concentration Detected of Ethyl-Based Chlorinated Vol atiles
in Target Area 3, and Correspondi ng Ri sk-Based Screeni ng Concentrations

Conmpound

1, 1- Di chl or oet hane
1, 2- Di chl or oet hene

Per chl or oet hene

1,1, 1-Trichl or oet hane

Tri chl or oeht ene

Target Area 3

Maxi mum
Det ect ed RBSC
3 1, 300
2,300 84
1, 000 4
9 2,200
19, 000 4

Concentrations reported in units of ag/L.

RBSC - Ri sk-Based Screeni ng Concentration for
Base. The RBSCs are based on a lifetinme cancer
whi chever is | ower.

Target Area 3

Commerical /I ndustrial scenari
risk of 1 x 10-6 or



O Alternative 4-1n Situ Biorenedi ati on of G oundwater and So

Intrinsic Biorenediation and Co-Metabolic Bioventing Techn

The four renmedial alternatives that were evaluated in detail are

below. In addition, the capital, annual operation and nmaintenance (O

present worth costs of each alternative are provided.

Alternative 1

Target Area 3

Capital Cost $000
Annual O&M Cost $000
Present Worth $000

The no action alternative is evaluated in order to establish a b
conpari son agai nst other alternatives. Under this alternative, no ef

undertaken to reduce the groundwater concentrations of chlorinated sol ve

Tar get Area.

Alternative 2

Target Area 3

Capi tal Cost $330, 000
Annual O&M Cost $64, 000( a)
Present Worth $660, 000( b)

(a) Frst year O&M cost. Refer to text.
(a)Based on 10 years of operation.

Alternative 2 consists of groundwater extraction, groundwater pr
nmetal s, groundwater treatnment using air stripping for renmoval of chlo
and carbon adsorption for renoval of residual contam nants, and surfa

di scharge of treated groundwater; performance of soil vapor extractio



Target Area 3

shal | ow chl ori nated sol vent source areas if determ ned to be necessary d
design; and treatment of the offgases fromthe air stripper and, if

SVE system

A total of two extraction wells are estimated to be installed in
for cost estimating purposes only, to extract contan nated groundwate
punpi ng rate of approxinmately 20 gallons per mnute. |If this alterna
selected for this interimresponse, then the exact number of wells an
will be determ ned during the renmedial design. Extracted groundwater
pretreated for netals to reduce the concentrations of iron and nangan
pretreatment reduces the possibility of iron and manganese fouling su
treatment systens as well as ensuring conpliance with surface water d

standards for netals.

Pretreated groundwater will then be punped to the top of a lowp
tray air stripper that will transfer over 95 percent of the VOCs diss
groundwater to the air stream The air stream containing the VOCs w
air stripper unit where it will be treated using carbon adsorption pr
the atnosphere. Routine air sanpling at a frequency deternined durin

design will be performed to ensure conpliance with air em ssion stand

Treated groundwater the air stripper will be punped to a liquid
carbon adsorption unit to reduce the concentration of residual contam
that comply with the surface water discharge standards prior to relea
course tributary of the St. Jones River. Sem -annual water sanples,
estimating purposes only, will be collected to ensure conpliance with

standards. Annual sanpling frequency will be determined during the r



Vadose zone chlorinated solvent contanmination is present in the Tar
the |l ocation where significant shall ow groundwat cr contam nati on has
To address this source, performance of SVE in a limted sized area ha
with this alternative. A total of two SVE wells are estimated to be

renmedi ate the source areas presuned to be present. Soil sources woul

Target Area 3

to be renediated in less than 2 years with SVE treatnent; 2 years of

assunmed for costing purposes. |If SVE is inplenmented, vapor collected
system woul d be treated for organic constituents by vapor phase carbo
bei ng rel eased to the atnosphere. The necessity of perform ng SVE w

deternmined during the renedial design.

Groundwater monitoring will be performed to nmonitor the progress
groundwater renmediation. In addition, existing |land use restrictions
the military operation of DAFB will be enforced through out the cours

to prevent unauthorized extraction and use of the contam nated ground

Col unmbi a Aqui fer.

The tine required to achieve the interimRAO s estimted to be
of 5 to 10 years, provided no free phase solvents are present in the
phase solvents are present, the tine required to achieve the interim
extended to 30 years or nore. The present worth cost of this alterna
is calculated based on an assuned 10 year operation
Al ternative 3

Target Area 3
Capital Cost $330, 000

Annual O&M Cost $40, 000( a)



Present Worth $540, 0000( b)

(a)First year O&M cost. Refer to text.
(b)Based on 6 years of operation.

Alternative 3 consists of the in situ treatnment of groundwater u
conmbi nation of air sparging (AS) and density driven convection (DDC)
conmbined with SVE over the entire areas where in situ groundwater tre

performed; and carbon adsorption treatnent of the offgases fromthe S

Target Area 3

For in situ treatnent at Target Area 3, 30 SVE wells, 14 AS wel |
wells are estimated to be required for cost estinmating purposes only.
is ultimtely selected for this interimresponse, then the exact nunb
their placenment will be determ ned during the renedial design. AS w
areas where soil is highly perneable and free of clay. DDC will be u
where significant clay |ayers are present. The SVE system operates i
the AS/ DDC systemto capture volatile contanmi nants stripped fromthe
zone. Vapor phase carbon adsorption treatment units will be used to
extracted VOCs fromthe air streamprior to release to atnosphere. E
wi |l be separated by knockout pots and sent to |liquid phase carbon ad

to reduce contam nant concentration to | evels acceptable for discharg

Groundwater nmonitoring will be performed to nmonitor the groundwa
remedi ati on progress and plunme migration. |In addition, existing |and
associated with the mlitary operation of DAFB will be enforced throu
course of renmediation to prevent unauthorized extraction and use of t

groundwat er from the Col unmbia Aquifer.

The tine required to achieve the interimRAO s estimted to be



and 13 years, with 6 years being the estimte used for costing purpos
worth cost is estimated to be $1,000,000. The renediation tine estim

on renoval rate data fromthe AS/ SVE pilot study perfornmed at Site WP

Alternative 4

Target Area 3

Capital Cost $80, 000
Annual O&M Cost $50, 000( a)
Present Worth $170, 000( b)

(a)First year O&M cost. Refer to text.
(b) Net cost to government.

Target Area 3

Alternative 4 consists of in situ biorenmediati on of groundwater
co-netabolic bioventing and intrinsic biorenediation in Target Area 3
bi oventing and intrinsic biorenediation are two of the biorenediation
being applied to the Target Areas to pronote the devel opnent of alter

i nnovati ve treatnment technol ogi es as encouraged under CERCLA.

The distribution of chlorinated solvent constituents in groundwa
downgradi ent of the Target Areas indicates that intrinsic biorenmediat
active. The degradation rates and reacti on nmechani snms associ ated wit
bi orenedi ati on processes occurring in Target Area 3 will be studied o
period by the Renedi ati on Technol ogi es Devel opnent Forum ( RTDF), whic
consortium of partners fromindustry, govermment, and academ a workin
nore effective and | ess costly renedial treatnent technologies. Intr
bi orenedi ation is a passive renedi ation technology; that is it does n
installation of any extraction or physical/chenical treatnent systens

remedi ati on of the aquifer. Instead, this technology relies on the



nm croorgani snms to biologically degrade organic contam nants. Althoug
technol ogy is passive, it should not be confused with the no action a
Est abli shing the efficacy of intrinsic biorenediation requires that a
characterizati on be made, which includes sanpling, testing, nodeling,
m crobial activity and biotransformati on rates. The RTDF study wil |

whet her intrinsic biorenediation holds prom se as a | ong-term renedy

contami nants present. Monitoring of the Target Area 3 groundwater pl
conducted froman estimted six nonitoring wells for cost estimting

the study and rate nmeasurenment of the intrinsic biorenmediation proces
monitoring period will extend until the final FS and ROD is conpl eted

estimated to be within a period of 5 years for costing purposes.

The vadose zone chlorinated solvent contanination present in Tar
near Building 719 will be renediated in situ using co-netabolic biove
combi ned nmi xture of air and an organic substrate such as propane wil |

the vadose zone to pronote the bi odegradati on of the solvents present

Target Area 3

m croorgani sms. An SVE systemwi |l also be installed to allow nateri

be conducted and to prevent vapors fromentering the building.

The bi orenedi ation process utilized is not expected to generate
products that can mgrate beyond the Base boundary. G oundwater non
be perforned to nonitor the groundwater renediation progress and down
water quality to ensure that offbase plunme migration does not occur.
exi sting land use restrictions associated with the nilitary operation
enforced throughout the course of remediation to prevent unauthorized

use of the contam nated groundwater from the Col unmbia Aquifer



The tinme required to achieve the interimRAO w Il vary with the
bi orenedi ati on technology. Intrinsic biorenediation rates for Target
eval uated during the RTDF study. The co-netabolic bioventing initiat
Area 3 is estimated to be conpleted within 2 years. The present wort

alternative is estimated to be $170, 000.

EVALUATI ON OF ALTERNATI VES

The selected alternative for renediating the contam nation in th
is Alternative 4 (biorenediation). Based on current information, thi
provi des the best bal ance of trade-offs anobng the alternatives with r
criteria that are required to be eval uated under CERCLA. This sectio
performance of the selected alternative against the nine criteria and

conpares to the other alternatives under consideration.

Overall Protection of Human Heal th and the Environnment

The overall protectiveness criterion is a conposite of other eva
especially short-termeffectiveness, long-termeffectiveness, and com
ARARs. Alternatives 1, 2, 3, and 4 are all considered to be protect
health during their period of inplenmentation because of the existence
restrictions that prohibit the unauthorized extraction or use of cont

groundwater in the Target Areas, thereby preventi ng human exposure.

Target Area 3

Alternative 1 (no action) is not considered effective because no
made to nmonitor the Target Area plunme to evaluate conpliance with the
RAO. Alternatives 2 (punp and treat), 3 (air sparging), and 4 (biore

all meet the interimRAOs and are considered effective.



Conpl i ance Wth ARARs

The interim RACs that have been set for chlorinated solvent cons
groundwater will allow for the resultant concentration of several of
to exceed their federal Maxi mum Contam nant Levels (MCLs). MCLs, as
for in CERCLA O 121(d)(2)(A)(ii), are relevant and appropriate requir

final actions expected to be taken as a result of the Base-wi de inves

Offsite contami nant mgration, even for interimactions, require
of other ARARs be considered. The principal ARARs that pertain to th
nmovenent of contaninants are the Del aware regul ati ons i nplenenting th
Clean Air Act and Clean Water Act. These regul ations are the Del awar
Governing the Control of Air Pollution (DRGCAP 1 through 3, 21 and 24
Del aware Water Pollution Control Regulations (DWCR 1 through 6), the
I ndustrial Waste Effluent Limtations (SWPCR 8), and the Del aware Sur
Quality Standards (DSWQS 1 through 9, 11 and 12). The above referenc
regul ati ons regardi ng eni ssions of volatile organic conmpounds to the
be conplied with in Alternatives 2, 3, and 4 to ensure that acceptab
em ssions are nmet. Alternative 2 will require discharge to surface w
referenced regul ations regardi ng surface water discharge define limt
chem cal concentrations for wastewater, and attai nment of these limt
requirenent for this alternative. Alternatives 2, 3, and 4 neet al

regul ations that pertain to the offsite novenent of contam nants.

Long- Term Ef f ecti veness and Permanence

The long-term effectiveness and pernanence criterion primarily ¢

magni tude of residual risk that would renmain after the inplenmentation



Target Area 3

alternative, and the adequacy and reliability of the controls institu
alternatives provide for the long-termprotection of hunman health thr
and use restrictions. However, reliance upon |land use restrictions

a permanent remnedy.

Under Alternative 1 (no action), the chlorinated sol vent contami
groundwater will not be nonitored. Therefore, the adquacy and reliab

alternative cannot be established.

Alternatives 2 (punmp and treat), 3 (air sparging), and 4 (biorem
all result in significant reductions of chlorinated solvent concentra
Area. |f any one of these treatnment alternatives is selected, that s
operated until the interimRAO is achieved. Hence, no nore than 10 p
maxi mum observed concentrati on of each ethyl-based chlorinated sol ven
in the Target Area. The magnitude of residual contam nation renainin
Area is a function of the tinme the treatnent alternative is operated
continue. Continued operation of the treatnent system beyond the po
interimRAO is reached may all ow further reductions in contam nant |e
achi eved. Performance of the interimrenmedy and conpliance with ARAR

evaluated in the final Base-wi de FS and ROD

Reduction of Toxicity, Mbility, and Vol une

No reduction of toxicity, mobility, or volume will be achieved b
i mpl enmentation of Alternative 1. The three action alternatives inclu
whi ch are capable of significantly reducing the toxicity of groundwat

Ar ea.



Vo

The groundwat er extraction system proposed under Alternative 2 w
hydraulic control over the plune, thereby linmting the nobility of co
fromthe Target Area. The air sparging in situ treatment technol ogy
Alternative 3 operates by increasing the nmobility of contaminants. T
mobility may result in some spreading of contaninati on beyond the eff

these alternatives during the course of contaninant renoval; however,

Target Area 3

umre of the contaminants will be reduced. The groundwater biorenedi at
technol ogy proposed under Alternative 4 will have no inpact on contam
The toxicity profile of the groundwater may shift somewhat during the
process, as vinyl chloride is generated during the degradation of the
et hyl - based conpounds. However, because little vinyl chloride has be
the groundwater thus far, the evidence suggests that vinyl chloride

to carbon di oxide, water, and chloride ion under the aerobic conditio

downgr adi ent of the Target Areas.

Short-Term Ef fecti veness

Alternative 1 (no action) includes no renedial actions. Therefo
be no short-terminpacts on comrunity or worker health or the environ
construction activities. However, because Alternative 1 will not non

with the interimRAGCs established for this project, it is considered

Alternatives 2 (punmp and treat), 3 (air sparging) and 4 (biorene
all be effective in reducing groundwater contam nant concentrations
Area. None of these alternatives are expected to have significant im

or public health or the environment. Alternative 2 is estimated to b



nmeeting the interimRAOw thin a5 to 10 year tine frame. However, a
bel i eved present, isolated pockets of DNAPLs in the aquifer could cau

frame to increase to 30 years or nore.

The presence of DNAPLs will also affect the length of tine requi
the interi m RAO under Alternative 3, though to a | esser extent than w
presence on Alternative 2. There are two reasons for this. First, t
nore air sparging/density-driven convection wells under Alternative 3
woul d be extraction wells under Alternative 2. Thus, the chance of
remedi ati on well near a pocket of free product is much greater under
Secondly, the in situ renediation is a nore aggressive renedi ati on pr
and treat. High mass transfer rates fromwater to air would be achie
physical in situ treatnment technol ogies |owering the concentration of

Target Area 3

the plume. Lowered groundwater concentrations would increase the dri
sol ubilization of free product in order to naintain equilibrinm The

meet the interimRAO under Alternative 3 is estimated to be between 4

Alternative 4 is estimated to be capable of achieving the interi
Target Area 3, though 50 years or nmore nmay be required relying upon
bi oremedi ation. As with the other action alternatives, these tine fr
extended if DNAPLs are present. A DNAPL woul d present a continuing s
contanminants to the aquifer as the DNAPL constituents were sol ubilize
groundwater. This transfer of constituents fromfree phase to disso
occur through the physical processes of desorption and liquid-liquid
These equilibriumdriven processes typically occur slowy because of
surface area of DNAPL in contact with the groundwater in conparison t

vol une. The solubilization rate of DNAPLs would |ikely be slower tha



degradation of the dissolved constituents. Thus, the solubilization
likely be the rate-linmting step. The co-netabolic bioventing treatm

3 will be acconplished within approxi mtely 2 years.

| mpl ementability

Three main factors are considered under this criterion: technic
adm nistrative feasibility, and availability of services and nmateria
alternatives are adnministratively feasible and the required services
readily avail able. Hence, the conparison will focus on the technica

alternatives.

Alternative 1 (no action) has no technical feasibility considera
Alternatives 2 (punmp and treat), 3 (air sparging), and 4 (biorenediat
technical feasibility concerns associated with them These concerns
hi ghly devel oped character of the Target Area and the numerous space
that are present. However, of the three action alternatives, Alterna
least difficult to inplement. Alternative 4 requires the installatio

four air injection/SVE wells plus equipnent to support the bioventing

Target Area 3

Alternative 4 systemis easier to install than the Alternative 2 syst
si x groundwat er extraction and air injection/SVE wells and a nore ext
network. Both Alternatives 2 and 4 are considered rmuch | ess conplica
than Alternative 3, which consists of 51 air sparge, DDC, and SVE we

expansi ve piping and nunmerous treatnment stations. Overall Alternativ

to be the nost easily inplenmented action alternative.

COSsT



No direct costs are associated with the inplenmentation of Altern
action). The capital cost of Alternative 4 (biorenediation) is $80,0
cost of Alternatives 2 (punp and treat) and 3 (air sparging) are both

$330, 000.

The O&M cost of Alternative 2 will initially be $64, 000 per year
to $40,000 per year after 2 years of operation when SVE operations ar
The O&M cost of Alternative 3 will be alnobst $40,000 the first year
several thousand dollars per year thereafter as the carbon consunptio
with the SVE system s offgas treatnment units decreases. The O&M cost
Alternative 4 will be approxi mately $50, 000 per year for the first 2
decrease to $30,000 per year after conpletion of the co-netabolic bio
treatment. Additionally, the first several years of monitoring wll
performed by the RTDF as part of their intrinsic bioremediation pilot

to the governnment.

The present worth cost of the alternatives will depend upon the
operated. The present worth costs of Alternative 2 under operating s
and 30 years are $540, 000, $660,000, and $880, 000 respectively. The
costs of Alternative 3 under operating scenarios of 4, 6, and 13 year
$490, 000, $540, 000, and $660, 000. The present worth cost of Alternat
government assunming 2 years of operation of the co-netabolic biovent
3 years of nonitoring in Target Area 3 following 2 years of nonitorin

is $170,000. Thus, Alternative 4 has the | owest present worth cost.

Target Area 3

St ate Acceptance



The State of Delaware concurs with the selected interimrenedy f

Area 3.

Community Acceptance

The only comments received during the public comment period were
RTDF expressi ng support for the proposed remedy. No conmunity oppos

proposed renedy was noted.

CONCLUSI ON

Based on the evaluation of the alternatives using the nine crite
4 (biorenediation) is preferred. Alternative 4 is protective of huma
environnent, conplies with all ARARs, represents a permanent renmedy t
groundwat er toxicity, provides the greatest ease of inplenentation, a

cost effective action alternative.

The selected alternative utilizes pernanent solutions and altern
technol ogi es to the maxi mum extent practicable. This interimaction
negatively inpact the ability to inplenent a final action if it is re

remedy will be selected in the final Base-w de ROD

Actual or threatened rel eases of hazardous substances fromthis
addressed by the selected alternative, may present a current or poten

public health, welfare, or the environnent.

Target Area 3

GLOSSARY AND ACRONYMS

Air Sparging - Underground injection of air into saturated soil and g

resulting in the in situ air stripping of volatile constituents.



Air Stripping - Transfer of volatile constituents fromwater to air b

between air and water streans.

Aqui fer - A geologic formation capable of yielding water to wells and

ARARs - Applicable or Relevant and Appropriate Requirenents. Criteri

by federal and state statute and regul ations that nust be consi dered

eval uation of remedial alternatives.

Bi odegradati on - The breakdown of organic constituents by microorgan

conpl ex conpounds.

Capital Cost - Cost incurred for the construction and startup of a fa

CERCLA - Conprehensive Environnental Response, Conpensation, and Liabil

Act. Federal |aw creating the Superfund program

Dense Non- Aqueous Phase Liquid (DNAPL) - An organic liquid with a | ow

solubility and a density greater than that of water. DNAPLs retain t
physi cal and chem cal properties when in contact with water and
in an aqui fer when rel eased to groundwater

Density-Driven Convection - Mdified in-ground air spargi ng system wh

flow pattern in the vicinity of the sparging well

EPA - U S. Environnmental Protection Agency.

Ex Situ - Performed above ground.

FS - Feasibility Study. Study undertaken to evaluate renmedial altern

FFS - Focused Feasibility Study.

Groundwat er - Subsurface water residing in a zone of saturation.

Target Area 3

GLOSSARY (cont' d)
HQ - Hazard Quotient. An indicator of the noncarcinogenic health ris

Wi th exposure to a chem cal



In Situ - In the original location (in the ground for this report).
IRP - The U.S. Air Force Installation Restoration Program

Leach - The solubilization and transport of constituents in soil thro
of surface water to groundwater

LECR - Lifetine Excess Cancer Risk. The probability of the carcinoge
associated with exposure to the chem cals of concern.

&M Cost - Annual cost incurred for operation and nai ntenance of a fa
Maxi mum Cont ami nant Levels (MCLs) - Federal drinking water standards.
Plume - A recognizable distribution of constituents in groundwater.
Potentiometric Surface - An imaginary surface that represents the sta
groundwater and is defined by the level to which water will rise.
RBSC - Ri sk Based Screening Concentration. A chem cal-specific conce
to prelimnarily assess whether exposure to a chemical poses a potent
risk.

RAO - Renedi al Action Objective. Cleanup goal established for the re
RCRA - Resource Conservation and Recovery Act.

ROD - Record of Decision. A |legal docunent issued by the |ead govern
agency selecting the renmedy to be inplenented at a CERCLA site.

RTDF - Renedi ati on Technol ogi es Devel oprment Forum

Soi | Vapor Extraction (SVE) - An in situ physical treatnment process t

wi t hdraw VOCs from subsurface soil residing above the groundwater tab

Target Area 3

GLOSSARY (cont' d)
Vadose Zone - Soil zone above the water table.

VOCs - Vol atile organic conpounds.
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