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Introduction�
 
 
 
 
Ecology and Environment, Inc. (E & E), under contract to the 
United States Army Corps of Engineers (USACE), Kansas City 
District, has prepared this feasibility study (FS) for the AOC 9:  
Weapons Storage Area (WSA) Landfill groundwater contamina-
tion at the former Griffiss Air Force Base (Griffiss AFB) in Rome, 
New York.  The FS is conducted in accordance with the United 
States Environmental Protection Agency’s (EPA) Guidance for 
Conducting Remedial Investigations and Feasibility Studies Under 
CERCLA (EPA 540/G-89/004) (October 1988) and the New York 
State Department of Environmental Conservation’s (NYSDEC) 
Technical and Administrative Guidance Memorandum (TAGM) 
No. 4030, Selection of Remedial Actions at Inactive Hazardous 
Waste Sites (New York State Department of Environmental Con-
servation [NYSDEC] 1990). 
 
1.1 Purpose and Organization of the Feasibility 

Study 
The Area of Concern (AOC) 9 contaminated groundwater plume 
was discovered while conducting the Group I Confirmatory Sam-
pling (1995 CS) and Expanded Site Investigation (1997 ESI) at 
what was then Area of Interest 9 (AOI 9).  AOI 9 was upgraded to 
AOC 9 based primarily on the volatile organic compound (VOC) 
contamination detected in the overburden groundwater.  This re-
port focuses on contaminated on-site overburden groundwater. 
 
In accordance with the Federal Facility Agreement and Resolution 
of Disputes between the United States Air Force (USAF), EPA 
Region II, and NYSDEC, Supplemental Investigations (SIs) were 
performed at AOC 9 (E & E August 2001; August 2002).  The 
purpose of the SIs was to evaluate the nature, level, and extent of 
potential contamination at the site and to perform a baseline risk 
assessment to evaluate the potential effects of chemicals of poten-
tial concern (COPCs) on human health and the environment.  The 
2000 and 2002 SIs were conducted in locations where the ground-
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water exceeded screening criteria (identified in previous site inves-
tigations) but where the extent of the groundwater plumes was not 
clearly defined.  
 
As described below (Sections 1.2 and 1.4), on-site groundwater 
discharges to the surface along drainageways and Six Mile Creek.  
Therefore, although the focus of this FS will be on contaminated 
groundwater, surface water and sediments at AOC 9 also will be 
inherently addressed by these remedial efforts performed on site 
groundwater. 
 
Detailed site investigation results for AOC 9 are presented in the 
2004 Remedial Investigation (RI) Report (E & E May 2004) and 
are briefly summarized in Section 1.4 of this report.  As concluded 
in the Final AOC 9 Bedrock Groundwater Study (E & E December 
2002), groundwater contamination observed in the overburden aq-
uifer does not appear to have migrated downward into the underly-
ing bedrock and therefore will not be addressed as part of this FS.  
From this point forward, on-site groundwater in this report refers to 
overburden groundwater.   
 
The purpose of this FS is to identify and evaluate technologies that 
are available to remediate on-site groundwater identified in the 
2004 RI as requiring remedial action.  The technologies most ap-
propriate for site conditions are then developed into remedial ac-
tion alternatives that are evaluated based on their environmental 
benefits and cost. 
 
This FS consists of the following sections: 
 

 Section 1:  includes information regarding site background, site 
location, site description, site history, a summary of previous 
site investigations, site geology/hydrology, and public health 
and environmental risk. 

 
 Section 2:  presents the identification of standards, criteria and 

guidelines and development of remedial action objectives 
(RAOs). 

 
 Section 3:  identifies appropriate technologies and the devel-

opment of alternatives. 
 

 Section 4:  is the detailed evaluation of the alternatives for 
remediating the affected media. 
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 Section 5:  presents an evaluation of criteria, summarizes the 
rationale for remedy selection, and presents a preliminary cost 
estimate for the remedy. 

 
 Section 6:  presents a comparative analysis of alternatives. 

 
 Section 7:  provides recommendations. 

 
 Section 8:  provides references. 

 
1.2 Site Description 
AOC 9 is a grass-covered area approximately 1,200 feet long and 
650 feet wide located in the southwest side of the inactive WSA, 
(see Figures 1-1 and 1-2).  The site is part of a strip of land that lies 
between an airplane runway to the southwest and the WSA to the 
northeast; fences separate these areas from AOC 9.  Perimeter 
Road runs through the site and Six Mile Creek borders the south-
west edge.  Between the WSA fence and Perimeter Road is a small 
water-retention pond (the aqueous film-forming foam [AFFF] 
pond) that was connected to WSA operations.  The ground surface 
at AOC 9 slopes gently downward toward Six Mile Creek.  
Groundwater flows southwest toward the creek.  There are several 
locations in this area where shallow groundwater discharges to the 
surface.  The northwest end of the site proximate to the creek is 
generally wet.  Three intermittent drainageways that discharge to 
Six Mile Creek exist on the northwestern portion of the site.  One 
apparently starts just south of the westernmost igloo, another is ad-
jacent to the northwest border of the site, and the third is a con-
tinuation of culverted surface water drainage from the WSA north 
of the site, as shown on Figure 1-2.   
 
AOC 9 is currently inactive and access is restricted by Perimeter 
Road Gates 4 and 11.  There is no evidence that anyone visits the 
site on a regular basis.  This area is expected to remain vacant in 
the future (USAF 1995; 1999), acting as a buffer zone between the 
runway and future development in adjacent areas.   
 
Site groundwater currently is not used and it is highly unlikely that 
the groundwater would be used in the future for residential needs 
since there is an existing municipal water supply system at the 
former Griffiss AFB. 
 
1.3 Site History 
The area comprising AOC 9 was originally farmland in the 1930s, 
before base construction.  In the 1940s and 1950s, the first landfill  
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Figure 1-1 Former Griffiss Air Force Base Site Location Map  
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for the base (currently known as AOC 9) was located beneath the 
northern portion of the former WSA and extended south between 
Perimeter Road and Six Mile Creek.  Based on aerial photographs, 
it was determined that the landfill was used between 1943 and 
1957 but no later than 1960.  The type of material buried at this site 
is unknown; however, it is reported that large quantities of the 
landfill were removed during construction of the WSA.  In addition 
to the WSA, two munitions storage bunkers were erected between 
Perimeter Road and Six Mile Creek in the early 1950s.  One of the 
bunkers (also referred to as igloos) was removed in the late 1970s 
or early 1980s (i.e., before 1981), and the other bunker was re-
moved in 1992.  Although the bunkers were initially used for mu-
nitions storage, they were later used to store hazardous materials 
(Tetra Tech 1994). 
 
Building 913 is located within the former WSA, along the north-
east boundary of AOC 9.  Building 913 is an earth-covered muni-
tions storage igloo that was constructed in 1987 for storing Air 
Launch Cruise Missiles (ALCMs) and Short Range Attack Missiles 
(SRAMs).  Building 913 is not an Installation Restoration Program 
(IRP) site; no aboveground storage tanks (ASTs) or underground 
storage tanks (USTs) are associated with Building 913; no Other 
Miscellaneous Environmental Factors sites (OTHs) are associated 
with Building 913; and no wastewater-related systems are associ-
ated with Building 913 (Tetra Tech 1994).  In addition, no drywell 
is listed for Building 913 in the Final Screening Table for Dry-
wells, Grease Traps, Silver Recovery Units, and Miscellaneous 
Waste Water-Related Systems (E & E December 1997). 
 
Due to the presence of elevated chlorinated solvents (i.e., in excess 
of NYSDEC Class GA standards and EPA maximum contaminant 
levels [MCLs]) in groundwater samples collected during the ESI at 
AOI 9 (E & E July 1998), the status of this site was changed from 
AOI to AOC.  This change was requested by NYSDEC and EPA 
representatives at the September 23, 1998 ESI meeting.  This site is 
near the main runway and is planned to be retained as part of the 
airfield (USAF 1995).   
 
1.4 Previous Site Investigations 
Several site investigations have been performed at AOC 9 and in-
clude:  
 

 1994 Remedial Investigation (Law 1996); 
 

 Group I AOI Confirmatory Sampling conducted in 1995 
(E & E 1996); 
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 Expanded Site Investigation conducted in 1997 (E & E July 

1998),  
 

 Supplemental Investigation sampling conducted in 1997, which 
included the collection of one passive in situ concentration/ 
extraction sampler (PISCES) (E & E July 1998b); 

 
 Supplemental Investigation conducted in 2000 (E & E August 

2001); 
 

 Supplemental Investigation conducted in 2002 (E & E October 
2002);  

 
 Bedrock Groundwater Study conducted in 2002 (E & E De-

cember 2002); 
 

 Remedial Investigation (E & E May 2004); and 
 

 Treatability pilot study conducted in 2002 and 2003 (E & E 
June 2004). 

 
Detailed descriptions of site investigations are presented in the RI 
(E & E May 2004).  A summary of site activities and major find-
ings for each site investigation specific to groundwater activities is 
presented in Table 1-1.   
 
Hydrology Summary 
According to the 2004 RI, groundwater flow beneath AOC 9 is to 
the southwest and discharge is into the Six Mile Creek drainage 
basin.  The depth of groundwater between the WSA and Perimeter 
Road is approximately 10 to 12 feet below ground surface (BGS) 
but is closer to ground surface between Perimeter Road and Six 
Mile Creek at approximately 7 feet BGS.  Bedrock is encountered 
approximately 11 feet below the top of the water table.  In some 
areas, groundwater discharges to the surface as seeps, and other 
wet areas.  These discharge areas are primarily located south of Pe-
rimeter Road, especially at the former storage igloo closest to Pe-
rimeter Road, and along the upgradient slope on the northeast side 
of Six Mile Creek.  However, seeps were also noted in the drain-
ageway on the northeast side of Perimeter Road.  Three intermit-
tent drainageways also cross the site, one of which drains the 
WSA. 
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Table 1-1 Site Investigation Summary, AOC 9 – Former Griffiss AFB, Rome, New York 

Site Investigation Site Activities 
Media Sampled 

(Number of Samples Collected) Analysis Major Findings 
 Surface Water (3) (SMCSW-9, 

SMCSW-10, SMCSW-11) 
 VOCs, SVOCs, pesti-

cides, dioxins, total met-
als, glycol, radionuclides, 
herbicides, and several 
wet chemistry parameters 
including TRPH and cya-
nide 

 One surface water sample (SMCSW-9) 
from the AFFF pond; two surface water 
samples (SMCSW-10 and SMCSW-11) 
from Six Mile Creek in the vicinity of 
AOC 9 

 No VOCs detected above screening crite-
ria 

 All samples contained PAHs and metals 
in exceedence of screening criteria 

1994  
Remedial Investigation 
(Law 1996) 

 Surface water and 
sediment samples 
collected  

 Sediment (3) (SMCSD-9, 
SMCSD-10, SMCSD-11) 

 VOCs, SVOCs, pesti-
cides/PCBs, metals, ra-
dionuclides, and several 
wet chemistry parameters 

 Samples co-located with surface water 
samples. 

 No VOCs or metals detected above 
screening criteria 

 Several SVOCs detected above screening 
criteria from SMCSD-11 
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Table 1-1 Site Investigation Summary, AOC 9 – Former Griffiss AFB, Rome, New York 

Site Investigation Site Activities 
Media Sampled 

(Number of Samples Collected) Analysis Major Findings 
 Groundwater (4) (G009-LS04 

through G009-LS07) 

 

 

 TCL VOCs, TCL 
SVOCs, TAL metals, 
TRPH  

 No TRPH was detected in the groundwa-
ter samples 

 Trichloroethene (TCE), tetrachloroethene 
(PCE), and chlorobenzene were detected 
in concentrations that exceeded screening 
criteria in the groundwater screening 
sample from G009-LS05  

 Several metals, including aluminum, 
iron, and manganese, were detected in 
concentrations that exceeded groundwa-
ter screening criteria in one or more wells 

 Sediment (4) (G009-SD01 
through G009-SD04) 

 TCL VOCs, TCL 
SVOCs, TAL metals, 
TRPH, TOC  

 Several metals, including arsenic, cad-
mium, copper, iron, lead, manganese, 
nickel, and silver, were detected in con-
centrations that exceed screening criteria 

1995  
Group I AOI Confir-
matory Sampling  
(E & E 1996) 
 

 Drilling of 4 soil 
borings 

 Installation of tem-
porary wells in each 
boring 

 Surface Water (4) (G009-SW01 
through G009-SW04) 

 TCL VOCs , TCL 
SVOCs, TAL metals, 
TRPH   

 One sample (G009-SW02) was collected 
from Six Mile Creek; two of the samples 
were collected from seeps located at the 
southeastern portion of the site (G009-
SW03 and G009-SW04); and the fourth 
was collected from a seep located ap-
proximately 150 feet north of Six Mile 
Creek (G009-SW01)  

 G009-SW02 contained chlorobenzene in 
concentrations exceeding screening crite-
ria 

 Several metals, including aluminum, 
cadmium, cobalt, copper, iron, lead, mer-
cury, silver, vanadium, and zinc, were 
detected in concentrations that exceeded 
screening criteria in one or more samples 
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Table 1-1 Site Investigation Summary, AOC 9 – Former Griffiss AFB, Rome, New York 

Site Investigation Site Activities 
Media Sampled 

(Number of Samples Collected) Analysis Major Findings 
 Groundwater (4) (G009-MW01 

through G009-MW04) 

 

 TCL VOCs, TCL 
SVOCs, pesticides/PCBs, 
TRPH , TAL metals 

 The groundwater sample from 
G009-MW03 contained benzene, chloro-
benzene, 1,2-dichlorobenzene (DCB), 
1,3-DCB, 1,4-DCB, PCE, and TCE in 
concentrations that exceeded screening 
criteria 

 The groundwater sample from 
G009-MW04 contained chlorobenzene, 
1,2-dichloroethane, and TCE in concen-
trations that exceeded screening criteria 

 Several metals, including aluminum, 
iron, manganese, and potassium, were 
detected in concentrations that exceeded 
screening criteria in one or more wells 

 Sediment (4) (G009-SD05 
through G009-SD08) 

 TCL VOCs, TCL 
SVOCs, pesticides/PCBs, 
TRPH, TOC, TAL metals  

 G009-SD05 contained benzo(a)pyrene in 
concentrations that exceeded screening 
criteria 

 G009-SD07 contained chlorobenzene in 
concentrations that exceeded screening 
criteria 

 G009-SD08 contained 
benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, chrysene, indeno 
(1,2,3-cd) pyrene, phenanthrene, aldrin, 
and heptachlor epoxide in concentrations 
that exceeded screening criteria 

1997 Expanded Site 
Investigation 
(E & E 1998) 

 Drilling, installa-
tion, and sampling 
of four permanent 
monitoring wells 
(G009-MW01 
through 
G009-MW04)  

 Surface Water (4) (G009-SW05 
through G009-SW08) 

 TCL VOCs, SVOCs, 
pesticides/PCBs, TRPH, 
TAL metals 

 Several metals, including aluminum, 
chromium, iron, vanadium, and zinc were 
detected in one or more samples in con-
centrations that exceeded screening crite-
ria 
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Table 1-1 Site Investigation Summary, AOC 9 – Former Griffiss AFB, Rome, New York 

Site Investigation Site Activities 
Media Sampled 

(Number of Samples Collected) Analysis Major Findings 
2000 Supplemental 
Investigation 
(E & E 2001) 
 
 

43 Geoprobe and 2 
Hydropunch sampling 
locations were devel-
oped 

4 monitoring wells 
installed 

4 monitoring wells 
from 1997 resampled 

12 test pits 

 Groundwater (94) (geo-
probe/hydropunch) (AOC9-GP01 
through AOC9-GP-43, AOC9-
HYD1, AOC9-HYD2) 

 Groundwater (8) (monitoring 
wells) (G009-MW01 through 
G009-MW04, AOC9-MW05 
through AOC9-MW08)  

 VOCs 

 VOCs, SVOCs, pesti-
cides/PCBs, TAL filtered 
and unfiltered metals 

Geoprobe/Hydropunch 

 Sixteen VOCs were detected at levels 
that exceed the groundwater screening 
criteria: benzene; n-butylbenzene; sec-
butylbenzene; chlorobenzene; 1,2-DCB; 
1,4-DCB; cis-1,2-dichloroethene; ethyl-
benzene; isopropylbenzene; naphthalene, 
n-propylbenzene; PCE; TCE; 1,2,4-
trimethylbenzene (TMB); 1,3,5-TMB; 
vinyl chloride 

 AOC9-GP03I, at a depth of 10 to 12 
BGS, contained 14.9 �g/L of TCE, 227.2 
�g /L of cis-1,2-DCE, 63.7 �g /L of VC, 
and 647.4 �g /L of chlorobenzene 

 AOC9-GP05D, at a depth of 10 to 12 
BGS, contained 66.9 �g /L of TCE, 39.0 
�g /L of cis-1,2-DCE, ND concentrations 
of VC, and 719 �g /L of chlorobenzene 

 AOC9-GP27S, at a depth of 6 to 8 BGS, 
contained 28.6 �g /L of TCE, 39.8 �g /L 
of cis-1,2-DCE, ND concentrations of 
VC, and 2352 �g /L of chlorobenzene 

 AOC9-GP28I, at a depth of 16.5 to 18.5 
BGS, contained 27.0 �g /L of TCE, 2.6 
�g /L of cis-1,2-DCE, ND concentrations 
of VC, and 2151.4 �g /L of chloroben-
zene 

Monitoring Wells 

 14 VOCs and 5 metals were found at 
concentrations that exceeded screening 
criteria: benzene; chlorobenzene, 1,2-
DCB, 1,4-DCB, cis-1,2-DCE, ethylben-
zene, isopropylbenzene, methylene chlo-
ride, TCE, 1,2,4-TMB, 1,3,5-TMB, VC, 
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Table 1-1 Site Investigation Summary, AOC 9 – Former Griffiss AFB, Rome, New York 

Site Investigation Site Activities 
Media Sampled 

(Number of Samples Collected) Analysis Major Findings 
m,p-xylene, o-xylene, aluminum, iron, 
manganese, selenium, and thallium 

 Sediment (4) (AOC9-SD09 
through AOC9-SD12) 

 TCL VOCs, TCL 
SVOCs, pesticides/PCBs, 
TAL metals, TOC, and 
percent solids 

 Chlorobenzene concentration of 157 
�g/L exceeded screening criteria at 
AOC9-SD10 

  

 Surface Water (12) 
(AOC9-SW09 through 
AOC9-SW20) 

 VOCs, SVOCs, pesti-
cides/PCBs, TAL metals, 
hardness 

 VOCs were not detected in three of the 
eight samples (AOC9-SW16, -SW19, 
and -SW20) 

 Chlorobenzene was detected above 
screening criteria at AOC9-SW14 (41.3 
�g /L) and AOC9-SW15 (10.6 �g /L) 

 VOCs were not detected above screening 
criteria at AOC9-SW19.  However, 
VOCs were detected at AOC9-SW18, 
which is slightly downgradient 

 There were some exceedences of cis-1,2-
DCE, TCE, PCE, and 1,4-DCB at 
AOC9-SW14, AOC9-SW15, and AOC9-
SW18 
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Table 1-1 Site Investigation Summary, AOC 9 – Former Griffiss AFB, Rome, New York 

Site Investigation Site Activities 
Media Sampled 

(Number of Samples Collected) Analysis Major Findings 
2002 Supplemental 
Investigation 
(E & E 2002) 

 14 Geoprobe sam-
pling locations were 
developed 

 2 soil borings were 
advanced 

 5 test pits excavated 

 Groundwater (56) (geoprobes) 
(AOC9-GP44 through AOC9-
GP57) 

 Groundwater (5) (test pits) 
(AOC9-GW-TP01, TP03, -TP04, 
-TP04DUP, TP06) 

 VOCs 

 TCL VOCs, SVOCs, 
pesticides/PCBs, TPH as 
diesel, and TPH as gaso-
line   

 

Geoprobes 

 15 VOCs exceeded screening criteria: 
acetone; benzene; chlorobenzene; 1,2-
DCB; 1,3-DCB; 1,4-DCB; cis-1,2-
dichloroethene; total 1,2-DCE; ethylben-
zene; PCE; TCE; vinyl chloride; m,p-
xylene; o-xylene; and total xylene 

 AOC9-GP44S2 contained a chloroben-
zene concentration of 2,150 �g /L at a 
depth of 15.9 to 17.9 feet BGS 

 AOC9-GP44I contained 10.3 �g /L of 
TCE, 70 �g /L of cis-1,2-DCE, 13.1 �g 
/L of VC, and 1,610 �g /L of chloroben-
zene at a depth of 19.3 to 21.3 feet BGS 

 AOC9-GP44D1 contained concentrations 
of 25.8 �g /L for cis-1,2-DCE, 6.32 �g /L 
for VC, and 1,630 �g /L for chloroben-
zene at a depth of 22.4 to 224.4 feet BGS 

Test Pits 

 1,2-DCB, 1,4-DCB, and chlorobenzene 
were detected at concentrations above 
screening criteria at AOC9-GW-TP03 
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Table 1-1 Site Investigation Summary, AOC 9 – Former Griffiss AFB, Rome, New York 

Site Investigation Site Activities 
Media Sampled 

(Number of Samples Collected) Analysis Major Findings 
   Sediment (2) (AFFF-SD01 and 

AFFF-SD02) 
 TCL VOCs, SVOCs, 

pesticides/PCBs, TAL 
metals, mercury, and per-
cent solids 

 3 pesticides (Heptachlor, 4,4’-DDD, and 
4,4’-DDT) were detected in sample 
AFFF-SD01 at concentrations exceeding 
screening criteria, and no pesticides were 
detected in AFFF-SD02. 4.4’-DDT was 
not detected in duplicate sample AFFF-
SD01/D. 

 Copper was detected in AFFF-SD01 at 
concentrations that exceeded screening 
criteria, but duplicate sample AFFF-
SD01/D detected copper at levels below 
screening criteria  
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Table 1-1 Site Investigation Summary, AOC 9 – Former Griffiss AFB, Rome, New York 

Site Investigation Site Activities 
Media Sampled 

(Number of Samples Collected) Analysis Major Findings 
AOC 9 Bedrock 
Groundwater Study 
(E & E 2002) 

 Installation of 
three bedrock 
wells. 

 
 Installation of one 

overburden bor-
hole. 

 Groundwater  
Bedrock (3) 
AOC 9-MW9Br, 
AOC 9-MW10Br, and 
AOC 9-MW11Br. 

 
 Overburden (1) 

AOC 9-MW11Br-HP. 

 VOCs, methane, ethane, 
ethene, anions, DOC 
(bedrock) 

 
 VOCs (overburden) 

 
 

 No analyte exceedences were detected. 
 

 Groundwater contamination in the over-
burden does not appear to have migrated 
into bedrock. 

 
 

AOC 9 Remedial In-
vestigation (E & E 
2004) 

 None, compilation 
of previous inves-
tigations. 

 

 None, compilation of previous 
investigations. 

 

 None, compilation of 
previous investigations. 

 

 Results of the year 2000 and 2002 SI 
activities and analytical data indicate that 
the groundwater is significantly contami-
nated, and contamination is discharging 
into the Six Mile Creek drainage basin. 

 
 Groundwater contaminants of concern 

are chlorobenzene and other VOCs. 
AOC 9 
Pilot Study (E & E 
2004) 

 Installation of 88 
temporary injection 
points (44 for each 
injection event). 

 Two injection 
events. 

 Groundwater (9) (AOC9-MW8, 
AOC9-MW12, AOC9-MW13, 
AOC9-GP44, AOC9-GP47, 
AOC9-GP48, G009-MW02, 
G009-MW03, AOC9-MW7). 

 VOCs, DOC, TAL met-
als, sulfate, ferrous iron 

 Overall, 1,2-DCB decreased 10% to 
53%, 1,3-DCB decreased 9% to 50%, 
1,4-DCB decreased 14% to 49%, and 
chlorobenzene decreased 5% to 65% 
from baseline samples to monitoring 
samples collected eight weeks after the 
first injection event. 

 
 After the second injection event, there 

was an overall total VOC reduction from 
baseline conditions (prior to the first in-
jection event) of 99% in wells AOC9-
MW12 and -MW13, 86% in AOC9-
GP47I, 77% in AOC9-MW8, 38% in 
AOC0-GP48D1, and 35% in AOC9-
GP44S.   
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Table 1-1 Site Investigation Summary, AOC 9 – Former Griffiss AFB, Rome, New York 

Site Investigation Site Activities 
Media Sampled 

(Number of Samples Collected) Analysis Major Findings 
Notes: 
 
1 Soil samples were collected during the 1995 Group I AOI Confirmatory Sampling, 1997 Expanded Site Investigation, 2000 Site Investigation, and 2002 Site Investigation.  However, 

these samples are not included in the table for brevity.  Refer to RI (E & E 2003) or individual site investigation reports for information on these soil samples and their results. 
 
Key: 
 
 DOC = Dissolved Organic Carbon. 
 ND = Non-Detect. 
 PCBs = Pesticides/Polychlorinated Biphenyls. 
SVOCs = Semivolatile Organic Compounds. 
 TAL = Target Analyte List. 
 TCL = Target Compound List. 
 TOC = Total Organic Carbon. 
 TPH = Petroleum Hydrocarbon. 
 TRPH = Total Recoverable Petroleum Hydrocarbon. 
 VOCs = Volatile Organic Compounds. 
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The vertical hydraulic gradient is believed to be upward in the vi-
cinity of the Six Mile Creek discharge area.  This is supported by 
upward groundwater discharge causing significant year-round flow 
of Six Mile Creek in the vicinity of the site.  In addition, the pres-
ence of the relatively impermeable underlying bedrock results in 
preferential upward flow of groundwater rather than downward 
flow because the bedrock serves as a hydraulic boundary.   
 
Overburden observed during soil boring and monitoring well and 
test pit installation at AOC 9 during the 2004 RI consisted of silty 
fine to coarse sand with some gravel seams and silt.  In addition, 
cobbles and/or concrete debris were encountered in the area north 
of Perimeter Road while drilling or attempting to install sampling 
points. 
 
Hydraulic conductivity (K) values recorded in January 2003 from 
the overburden wells ranged from 10-1 to 10-3 cm/s.  K values from 
the upgradient wells (AOC9-MW8, -MW12, and -MW13) located 
north of Perimeter Road were slightly higher (10-1 to 10-2 cm/s with 
an average of 9.87 x 10-2 cm/s or 280 feet per day [ft/day]) than K 
values from the downgradient wells (G009-MW1, -MW2, and -
MW3, and AOC9-MW7) (10-2 to 10-3 cm/s with an average of 1.61 
x 10-2 cm/s or 45.8 ft/day). 
 
To confirm the K values obtained from the slug tests performed in 
January 2003, a brief pump test was performed on G009-MW02 in 
July 2003.  A submersible pump was installed in the well and the 
water level was allowed to return to static conditions.  The well 
was pumped at 0.5 gallons per minute (gpm) until the water level 
stabilized.  Data collection was initiated at the time pumping began 
with an In-Situ, Inc. Hermit 2000 data logger and pressure trans-
ducer system as was done during the slug tests.  Data transfer soft-
ware by In-Situ, Inc. was used to download the slug test data to a 
computer.  The raw data were then processed and interpreted using 
AQTESOLVE software (Duffield 1998).  A K value of 1.8 x 10-3 

cm/s was obtained using the interpretation methods of Cooper-
Jacob (Kruseman and de Ridder 1991), which corresponds to a 
groundwater velocity of 0.93 ft/day.  This value correlates well 
with typical K values for the silty sands observed on site during 
drilling activities and provides a more reasonable value than the 
slug tests, which can produce elevated K values for the area imme-
diately surrounding a well due the effect of the porous sandpack 
around the wells compared to the relatively small volume of the 
slug used.     
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Assuming an average effective porosity (n) of approximately 0.35 
(for silty sand and sand) (Roberson 1998), the groundwater veloc-
ity north of Perimeter Road is estimated to be 14.4 ft/day (using an 
average K value of 280 ft/day and a hydraulic gradient of 0.018 
ft/ft), and the velocity south of Perimeter Road is estimated to be 
8.4 ft/day (using an average K value of 45.8 ft/day and average hy-
draulic gradient of 0.064 ft/ft).  Although the gradient south of Pe-
rimeter Road is higher, the lower K values are causing the ground-
water velocities to be much lower than the area north of Perimeter 
Road.  This difference in groundwater velocities between the 
northern and southern portions of the site would be expected to 
cause the groundwater flowing from the north area to be slowed as 
it reaches the south area, causing a damming effect, which would 
explain the reduced hydraulic gradient observed north of Perimeter 
Road. 
 
1.5 Previous Site Risk Assessments 
 
Human Health Risk Assessment (HHRA) Summary 
In 2003, E & E conducted a Human Health Risk Assessment as 
part of the RI.  The HHRA was prepared and organized following 
the general approach outlined in the EPA’s Risk Assessment Guid-
ance for Superfund (RAGS), Volume I:  Human Health Evaluation 
Manual (HHEM), Part A (EPA 1989) and Part D (EPA December 
2001), and other related EPA guidance. 
 
Data collected from site investigations spanning from July 1992 
through July 2002 were reviewed to evaluate human health risks at 
the site.   
 
AOC 9 is currently inactive and access is restricted by Perimeter 
Road Gates 4 and 11.  Current human receptors include site visi-
tors who visit AOC 9 for recreational purposes, who would come 
into contact with surface soils or, if wading in the creeks or tribu-
taries, would come into contact with sediment and surface water.  
There are no direct routes of exposure to in situ groundwater con-
tamination.  Inhalation exposures are unlikely under existing con-
ditions.  The low levels of VOCs detected in soil gas, surface wa-
ter, and sediment indicate that vapor releases to ambient air are 
negligible.  The soil at AOC 9 is generally moist and the surface is 
covered with grass that prevents wind erosion and generation of 
airborne dust from soil. 
 
Site-related contaminants discharged to Six Mile Creek may be 
taken up by fish.  Recreational fishing is unlikely in the shallow 
water near AOC 9 but might occur elsewhere along the creek.  If 
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fishermen consumed fish from Six Mile Creek, they could poten-
tially be exposed to site-related contaminants.  According to a pre-
vious HHRA for Six Mile Creek (Law 1996), if recreational visi-
tors were to consume fish from the creek, the potential risks from 
fish consumption would be unacceptably high, mostly due to poly-
chlorinated biphenyls (PCBs), which are not site-related contami-
nants. 
 
According to the USAF’s plans for disposal and reuse of the air-
field property at Griffiss AFB (USAF 1995; 1999), the area along 
the northeast edge of the runway, which includes AOC 9, will be 
maintained as open space.  Since no development of the site is ex-
pected in the foreseeable future, potential exposure pathways for 
future site visitors are expected to be the same as those of current 
visitors.  However, the frequency of such exposures could increase 
from current levels if the site were to become more accessible due 
to land use changes and development in surrounding areas. 
 
Considering that site groundwater is contaminated and there is an 
existing municipal water supply system, it is highly unlikely that 
site groundwater would ever be used for household needs.   
 
Two future hypothetical residential and commercial/industrial land 
uses were explored in the HHRA.  Future site residents, who would 
likely engage in outdoor recreation near their homes, could poten-
tially be exposed to contaminants in surface soil, sediment, and 
surface water by the same direct contact routes as site visitors.  In 
addition, if there were areas of bare soil as a result of future devel-
opment, residents might inhale airborne dust raised by wind ero-
sion of the surface soul.  If homes were constructed over the plume 
of VOC contamination that exists in groundwater at AOC 9, vapors 
could infiltrate upward through the soil and enter the buildings 
through cracks, exposing residents to contaminant vapors through 
inhalation of indoor air.   
 
The HHRA concluded that under existing conditions and expected 
future site conditions, assuming no development of the site, con-
taminants present in soil, sediment, and surface water at AOC 9 do 
not appear to pose any significant health risks.  However, as stated 
in previous site investigations, analytes have exceeded applicable 
federal and state screening criteria. 
 
Ecological Risk Assessment (ERA) Summary 
In 2003, E & E conducted an ecological risk assessment as part of 
the RI.  The ERA was consistent with NYSDEC guidance for char-
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acterizing threats to fish and wildlife at inactive hazardous waste 
sites (NYSDEC 1994) and ERA guidance issued by the EPA. 
 
Data collected from site investigations over the past 10 years were 
reviewed to evaluate ecological risks at the site. 
 
AOC 9 does not represent a high-quality habitat because most of 
the site is periodically mowed because it is close to the runway.  
The area immediately surrounding AOC 9 is developed and in-
cludes several buildings, paved roads, fences, and mowed lawns.  
A fence on-site limits wildlife access to the site.  Consequently, the 
value of AOC 9 as a source of food and habitat for wildlife is low.  
Wildlife species present at AOC 9 are limited to those that have 
adjusted to using the area with limited and routinely disturbed 
habitat. 
 
The ERA focused on four assessment points: terrestrial and wet-
land plant communities; the soil-fauna community; aquatic life in 
Six Mile Creek and the on-site tributaries to the creek; and bird and 
mammal populations in the site vicinity.  PAHs, several chlorin-
ated pesticides, and several metals exceeded conservative screen-
ing benchmarks at selected sampling locations or were predicted to 
pose a risk to certain wildlife species when exposure was calcu-
lated from the maximum chemical concentrations in soils and 
sediment.  These include potential risks to terrestrial and wetland 
plant communities from selenium and PAHs; risks to soil fauna 
from manganese and PAHs; risks to aquatic life in the on-site 
drainageways from several metals in the water; and risks to birds 
and mammals from organics and metals.  Given the conservative 
nature of the risk estimation process, the overall results suggest 
that current levels of environmental contamination at AOC 9 are 
unlikely to adversely affect populations or communities of ecologi-
cal receptors at the site.  However, as stated in previous investiga-
tions, analytes have exceeded applicable federal and state screening 
criteria. 
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Definition of Remedial 
Action Objectives and 
Groundwater Cleanup 
Goals�
 
 
 
 
This section identifies the contaminants of concern and establishes 
proposed cleanup goals for site groundwater.  Through remediation 
of on-site groundwater, the apparent source of on-site surface water 
and sediment contamination will also be addressed.  Also pre-
sented are estimates of areas and volumes of contaminated on-site 
groundwater. 
 
2.1 Remedial Action Objectives 
This section presents the objectives for on-site remedial actions to 
protect human health and the environment.  Groundwater RAOs 
were developed based on information contained in the 2004 RI, 
including identified contaminants present in the study area and ex-
isting or potential exposure pathways in which the contaminants 
may affect human health and the environment.   
 
The RAOs for the on-site groundwater are to:  
 
1. Reduce the potential for human risk of exposure to contami-

nants of potential concern found in on-site groundwater by re-
ducing the potential for ingestion of contaminated groundwater 
and dermal contact with contaminated groundwater;  
 

2. Reduce further off-site migration of contaminated groundwater 
to the extent practical; and 

 
3. Achieve proposed cleanup goals for contaminants of concern 

based on an evaluation of applicable or relevant and appropri-
ate requirements (ARARs) to the extent practical. 

 
Proposed chemical-specific cleanup goals were developed for 
groundwater.  These proposed cleanup goals were developed based 
on an evaluation of ARARs.  These proposed cleanup goals were 
used to define the area and volume of groundwater that must be 
addressed to meet the RAOs. 

2 
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ARARs are used at inactive hazardous waste sites to establish the 
locations where remedial actions are warranted and to establish 
cleanup goals.  ARARs include state requirements.  The following 
sections present potentially applicable ARARs and other standards 
and establish proposed cleanup goals for contaminated on-site me-
dia.   
 
2.2 ARARs and TBCs 
2.2.1 ARARs 
Applicable requirements are legally enforceable standards or regula-
tions such as groundwater standards for drinking water that have 
been promulgated under state law.   
 
Relevant and appropriate requirements include those requirements 
promulgated under state law that may not be “applicable” to the spe-
cific contaminant released or the remedial actions contemplated but 
are sufficiently similar to site conditions to be considered relevant 
and appropriate.  If a relevant and appropriate requirement is well 
suited to a site, it carries the same weight as an applicable require-
ment during the evaluation of remedial alternatives.   
 
2.2.2 TBCs 
To be considered (TBC) criteria are non-promulgated advisories or 
guidance issued by state agencies that may be used to evaluate 
whether a remedial alternative is protective of human health and the 
environment in cases where there are no standards or regulations for 
a particular contaminant or site condition.  These criteria may be 
considered with ARARs in establishing cleanup goals for protection 
of human health and the environment. 
 
The following subsections present the three categories of ARARs:  
 

 Chemical-specific ARARs are usually health- or risk-based 
numerical values or methodologies that establish an acceptable 
amount or concentration of a chemical in the ambient environ-
ment.  They are used to assess the extent of remedial action re-
quired and to establish cleanup goals for a site.  Chemical-
specific ARARs may be directly used as actual cleanup goals or 
as a basis for establishing appropriate cleanup goals for the 
contaminants of concern at a site. 

 
 Action-specific ARARs are usually administrative or activity-

based requirements that guide how remedial actions are con-
ducted.  These may include record-keeping and reporting re-
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quirements, design and performance standards for remedial ac-
tions, and permitting requirements. 

 
 Location-specific ARARs are restrictions placed on the 

concentration of hazardous substances or the conduct of 
activity solely because they occur in special locations.  
Location-specific ARARs are commonly associated with 
features such as wetlands, floodplains, or historic buildings that 
are located on or near the site. 

 
Site-appropriate chemical-, action-, and location-specific ARARs 
are discussed in this section and when evaluating individual alter-
native criteria in Sections 5 and 6. 
 
Proposed Cleanup Goals 
Proposed cleanup goals are developed by evaluating the available 
ARARs for each contaminant.  In general, this process uses stan-
dards as proposed cleanup goals.  If no standards exist for a given 
contaminant, the most conservative criterion or guidance value is 
selected as a proposed cleanup goal.  Where appropriate, the pro-
posed cleanup goals then are compared to site-specific background 
values for naturally occurring analytes to confirm that no proposed 
cleanup goal is set below site background concentrations.  If the 
site-specific background concentration is higher than the ARAR-
based proposed cleanup goal, then the background concentration is 
selected as the proposed cleanup goal.  These proposed cleanup 
goals then are compared to site data to identify which contaminants 
may require cleanup.  These contaminants are then considered with 
regard to other factors influencing the need for cleanup, including 
comparison with regional background levels and an evaluation of 
contamination.  The cleanup goals proposed by this process then 
are compared again to site data in order to identify areas that must 
be addressed in the FS.   
 
The sections below describe the details of this process and present 
the extent of contamination in groundwater. 
 
2.3 Metals Data Usability 
Both filtered and unfiltered groundwater samples were collected 
from monitoring wells during the 1995 CS, 1997 ESI, and 2000 SI.  
Although some of the groundwater samples collected at the site 
were unfiltered, usability of the data was not affected, provided 
that the samples contained low levels of suspended solids.  If the 
samples were turbid and contained elevated levels of suspended 
solids, their metals concentrations, especially common metals such 
as aluminum, iron, and manganese, increased.  The metals content 
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of the silt and clay particles that create the turbidity does not repre-
sent a credible threat to human health because they do not migrate 
through the aquifer.  Any water well installed in the aquifer would 
be developed, by pumping out turbid water, until nonturbid water 
was produced.    
 
Based on the results of the 1995 CS, 1997 ESI, and 2000 SI (moni-
toring well samples only), on-site groundwater contains ex-
ceedances of iron, manganese, selenium, and thallium concentra-
tions above proposed cleanup goals.  Table 2-1 illustrates the num-
ber of detections of iron, manganese, selenium, and thallium above 
proposed cleanup goals during each site investigation. 
 

Table 2-1 Number of Inorganic Exceedances in 
Monitoring Wells (for Iron, Manganese, 
Selenium, and Thallium) 

 Site Investigation 
 1995 CS 1997 ESI 2000 SI 
Inorganic F U F U F U 
Iron 1 1 0 1 3 3 
Manganese 2 1 3 3 7 7 
Selenium 0 0 0 0 7 2 
Thallium 0 0 0 0 1 1 
Key: 
 
F - Filtered groundwater samples. 
U - Unfiltered groundwater samples. 

 
A review of the available data regarding metals detected in the 
groundwater at AOC 9, basewide analytical results, and historic 
use of AOC 9 has indicated the following: 
 

 The presence of high concentrations of iron and manganese 
suggests the presence of suspended particulates due to the high 
turbidity of the aquifer at the Former Griffiss AFB.  The fact 
that elevated concentrations of metals were found at many of 
the wells installed across the Former Griffiss AFB since the 
1994 RI that are not located downgradient of any known AOC 
on the base suggests that the elevated concentrations of iron 
and manganese are naturally occurring and result from sus-
pended particulate matter in the groundwater. 

 
 The comparison of filtered and unfiltered groundwater samples 

collected during the 2000 SI with respect to selenium indicates 
that the filtered result is greater than the unfiltered for all seven 
wells in which this analyte was detected.  The data was thor-
oughly reviewed and it was determined that it was reported cor-
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rectly.  It is believed that the selenium results are attributable to 
analytical interferences, sampling artifacts, or site background.  
Regarding analytical interferences, samples were analyzed by 
EPA Method 6010B inductively coupled plasma (ICP) spec-
trometry, an analytical technique that measures atomic emis-
sions of metals.  Selenium has a low wavelength of atomic 
emissions; therefore, it is not detected strongly by the ICP 
method.  A review of the raw data for these samples indicates 
that the method is highly variable for selenium at low levels 
due to matrix and spectral interference.  Thus, there could be 
some bias due to the analytical method, which could result in 
false positives.  The risk to public health and the environment 
is minimal even if these low-level detections are not false posi-
tives. 

 
 Thallium was detected at levels above criteria in one downgra-

dient well (AOC9-MW07) during the 2000 SI and at upgradi-
ent wells (MW08 and MW13) at AOC 9 during treatability 
study baseline sampling, but it was not detected during the sec-
ond round of sampling. 

 
 No historical uses of thallium or selenium on base have been 

discovered. 
 

 The sporadic nature of the exceedances of selenium and thal-
lium indicate that a “plume” of these metals is not present at 
AOC 9. 

 
Iron, manganese, selenium, and thallium detected at elevated levels 
in the groundwater at AOC 9 have also been detected sporadically 
at concentrations exceeding proposed cleanup goals at numerous 
locations across the base in both groundwater and soil.  Consider-
ing the above, iron, manganese, selenium, and thallium are consid-
ered naturally occurring metals at AOC 9.    
 
2.4 Organic Data Usability 
Water samples collected for organics analyses were not filtered.  If 
the samples were turbid and if analytes with a strong tendency to 
sorb to soil were in the soil surrounding the well, those analytes 
may have been recorded at levels exceeding their solubility or their 
dissolved level in the aquifer and are not representative of water 
quality.  Such analytes include SVOCs and pesticides in groundwa-
ter.  However, for purposes of this evaluation, all organic data re-
ported as detected in the 2004 RI were accepted as being present.  
The presence of any organics in groundwater is assumed to indicate 
anthropogenic materials, not naturally occurring materials. 
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Historical data show that low levels of some organic compounds, 
for example, pesticides, are typically found in wells that are unaf-
fected by any known release or source and that are not found on a 
reproducible basis.  
 
These findings indicate that low-level, isolated instances of organ-
ics exceeding ARARs are not always candidates for remediation.  
In cases where SVOCs were detected, levels were very low (typi-
cally below the quantitation limit), isolated, and often ephemeral; 
thus, the groundwater may not be deemed a candidate for consid-
eration of remedial alternatives for the specific analyte, despite ex-
ceeding a ARAR at least once.  Rather, they are present in a water 
quality pattern observed throughout the region and are not a result 
of contamination from the base. 
 
2.5 Groundwater 
Four temporary wells were advanced on-site during the 1995 CS to 
evaluate the possible presence of contamination within the soil and 
groundwater.  During the 1997 ESI, four permanent overburden 
groundwater monitoring wells were installed and sampled.  Four 
additional overburden groundwater monitoring wells were installed 
and sampled during the 2000 SI and four groundwater monitoring 
wells installed in 1997 were resampled.  Also during the 2000 SI, 
94 Geoprobe/Hydropunch samples were collected from the shal-
low, intermediate, and deep aquifer zones.  The results of the 1995, 
1997, and 2000 site investigations indicated the presence primarily 
of VOCs.    
 
In 2002, fifty-six groundwater samples were collected from Geo-
probes as part of the SI to more clearly define the source area of the 
VOC contamination detected during previous site investigations.  
Groundwater samples were also collected from five excavated test 
pits during the 2002 SI.  These Geoprobe samples were collected 
from the shallow, intermediate, and deep aquifer zones in the over-
burden.  The highest concentrations of VOCs (chlorobenzene and 
trichloroethene [TCE]) were situated in the middle of the aquifer 
between the top of the water table and the top of bedrock.  Further 
information regarding these samples, including locations, analyses 
performed, and a summary of major findings can be found in Fig-
ure 2-1 and Table 1-1.  
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2.5.1 Selection of Groundwater Cleanup Goals  
 
Standards 
Standards identified for groundwater at AOC 9 are the NYSDEC 
Class GA maximum contaminant levels (MCLs) from NYSDEC’s 
Division of Water Technical and Operational Guidance Series 
(TOGS) (1.1.1) Ambient Water Quality Standards and Guidance 
Values and Groundwater Effluent Limitations (NYSDEC June 
1998; 2000), indicating the potential use of this groundwater as a 
drinking water source.  All New York State groundwater is consid-
ered Class GA by NYSDEC. 
 
Guidance 
The NYSDEC Class GA water guidance values were also obtained 
from TOGS 1.1.1.  These guidance values were used for analytes 
for which NYSDEC Class GA Standards have not been estab-
lished. 
 
Selection Process 
Applicable ARARs for the contaminants detected in groundwater 
are presented in Table 2-2.  Groundwater data was screened using 
Geoprobe, Hydropunch, and monitoring well data from the 1995 
CS, 1997 ESI, 2000 SI, and 2002 SI.  The following describes the 
methodology used in selecting the proposed cleanup goals for on-
site groundwater: 
 

 The NYSDEC Class GA standard, if it existed, was selected as 
the proposed cleanup value. 

 
 If a groundwater standard did not exist for an analyte, the 

NYSDEC Class GA guidance value, if it existed, was used. 
 

 If a standard or guidance value did not exist for an analyte, no 
proposed cleanup value was selected. 

 
 The proposed cleanup values were then compared to the maxi-

mum observed concentrations of each analyte to determine 
which analytes may require cleanup.  

 
 Finally, the analytes identified for cleanup were reviewed to 

determine whether they are site-related and whether cleanup ac-
tually is warranted.   

 
As shown in Table 2-2, several analytes exceeded proposed 
cleanup goals.  Potential contaminants of concern in groundwater 
include: 
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 21 VOCs (1,2-dichlorobenzene, 1,2-dichloroethane, 1,3-

dichlorobenzene, 1,3,5-trimethylbenzene, 1,4-dichlorobenzene, 
acetone, benzene, chlorobenzene, cis-1,2-dichloroethene, 
ethylbenzene, isopropylbenzene, methylene chloride, 
n-butylbenzene, n-propylbenzene, naphthalene, 
sec-butylbenzene, tert-butylbenzene, tetrachloroethene, TCE, 
vinyl chloride, and xylene (total);  

 
 one SVOC (bis (2-ethylhexyl)phthalate);  

 
 two pesticides (aldrin and dieldrin); and 

 
 four metals (iron, manganese, selenium, and thallium). 

 
Table 2-2 Proposed Cleanup Goal Screening Process for Groundwater (µg/L) 

AOC 9 – Former Griffiss AFB, Rome, New York 

Analyte 

NYSDEC 
Class GA 

Groundwater 
Standard 

NYSDEC 
Class GA 

Groundwater 
Guidance 

Maximum 
Concentration 

Proposed 
Cleanup 

Goal 
VOCs  
1,2-Dichlorobenzene 3 — 513 J 3 
1,2-Dichloroethane 0.6 — 71 0.6 
1,3-Dichlorobenzene 5 10 11.4 5 
1,3,4- Trimethylbenzene 5 — 3.2 — 
1,3,5- Trimethylbenzene 5 — 34.4 5 
1,4-Dichlorobenzene 5 10 227 5 
Acetone — 50 352 50 
Benzene 1 — 13 1 
Chlorobenzene 5 — 2,352 5 
Chloroform 7 — 1.3 J — 
Cis-1,2-Dichloroethene  5 — 240 5 
Ethylbenzene 5 — 60 5 
Isopropylbenzene 5 — 23 5 
Methylene Chloride 5 — 73 5 
n-Butylbenzene 5 — 250 5 
n-Propylbenzene 5 — 14 5 
Naphthalene — 10 51 10 
p-Cymene (p-Isopropyltoluene) 5 — 2.9 — 
Sec-Butylbenzene 5 — 10 5 
Tert-Butylbenzene 5 — 5.4 5 
Tetrachloroethene 5 — 173 5 
Toluene 5 — 5 — 
trans-1,2-Dichloroethene  5 — 3.8 — 
Trichloroethene 5 — 67 5 
Vinyl Chloride 2 — 64 2 
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Table 2-2 Proposed Cleanup Goal Screening Process for Groundwater (µg/L) 
AOC 9 – Former Griffiss AFB, Rome, New York 

Analyte 

NYSDEC 
Class GA 

Groundwater 
Standard 

NYSDEC 
Class GA 

Groundwater 
Guidance 

Maximum 
Concentration 

Proposed 
Cleanup 

Goal 
Xylene (total) 5 — 218 5 
Pesticides 
Aldrin ND — 0.573 J ND 
Dieldrin 0.004 — 0.327 J 0.004 
SVOCs 
2-Methylnaphthalene — — 0.6 J — 
Bis(2-ethylhexyl)adipate 20 — 1.2 J — 
Bis(2-ethylhexyl)phthalate 5 — 8.4 5 
Butylbenzylphthalate — 50 0.7 J — 
Di-n-butylphthalate 50 — 15 J — 
Diethylphthalate — 50 4.8 J — 
Phenanthrene — 50 0.7 J — 
Metals  
Aluminum — — 7,300 J — 
Arsenic 25 — 5 — 
Barium  1,000 — 158 — 
Beryllium — 3 0.2 J — 
Cadmium 5 — 5 — 
Calcium — — 101,000 — 
Chromium 50 — 21 — 
Cobalt — — 3.7 J — 
Copper 200 — 27 — 
Iron 300a — 14,000 J 300 
Lead 25 — 11 — 
Magnesium  — 35,000 14,000 — 
Manganese  300a — 6,810 300 
Nickel 100 — 26 — 
Potassium — — 6,000 — 
Selenium 10 — 23 10 
Silver 50 — 4.6 J — 
Sodium 20,000 — 15,000 — 
Thallium — 0.5 7.5 J 0.5  
Vanadium — — 6.4 J — 
Zinc — 2,000 61 — 
Source:  NYSDEC, June 1998, Ambient Water Quality Standard and Guidance Values, Class GA Groundwater. 
 
a Iron and manganese groundwater standard is 500 µg/L combined. 
 
Key: 
 — = No standard/guidance value available/applicable. 
 J = Estimated value. 
 �g/L = Micrograms per liter. 
 NYSDEC = New York State Department of Environmental Conservation. 
 SVOCs = Semi-volatile organic compounds. 
 VOCs = Volatile organic compounds. 
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The following section discusses whether cleanup of these contami-
nants of concern is warranted at AOC 9. 
 
2.5.2 Selection of Groundwater Contaminants of 

Concern 
Based on the above analysis, it was determined that on-site 
groundwater along a linear, northeast-southwest area (extending 
throughout the aquifer) in the northwestern portion of the site is 
contaminated primarily with chlorobenzene.  Several other VOCs, 
one SVOC, two pesticides, and four inorganics were detected in 
groundwater samples (1995 CS, 1997 ESI, 2000 SI, 2002 SI) above 
proposed cleanup goals.  However, for the purpose of delineating 
groundwater contamination the focus is on remediation of VOCs.  
Remedial efforts conducted to either extract or treat chlorobenzene 
contaminated groundwater are expected to remediate other VOCs.   
 
The following presents the rationale for selecting VOCs as the fo-
cus of groundwater remediation in this FS:  
 

 Maximum chlorobenzene concentrations were found during the 
2000 SI at a level of 2,352 µg/L in AOC9-GP27, located just 
south of Perimeter Road in the northwestern portion of the site.  
Other concentrations of chlorobenzene exceeding cleanup goals 
in 2000 and 2002 SI were found at AOC9-GP44 and AOC9-
GP14 at concentrations of 2,150 µg/L and 1,147 µg/L, respec-
tively.  These exceedances follow a northeast-southwest direc-
tion parallel to the groundwater flow direction to the creek.  
One sediment exceedance of chlorobenzene at AOC9-SD10 is 
located along Six Mile Creek in-line with the flowpath of the 
suspected groundwater plume, indicating chlorobenzene con-
tamination is flowing via groundwater to the creek. 

 
 The daughter products of chlorobenzene (1,2-dichlorobenzene, 

1,3-dichlorobenzene, 1,4-dichlorobenzene, and benzene) were 
also found at levels exceeding proposed cleanup goals.  There-
fore chlorobenzene and its daughter products in groundwater 
will be further addressed in this FS.  

 
 The highest concentration of TCE detected between the 2000 

and 2002 SI was 66.9 µg/L, located at AOC9-GP05, less than 
100 feet from Six Mile Creek.  Based on the groundwater flow 
direction, TCE is flowing into Six Mile Creek.  However, sur-
face water and sediment samples show no TCE concentrations 
exceeding cleanup goals on-site and along the creek, and this 
indicates TCE is attenuating by natural processes such as voli-
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talization.  Analytical data from G009-MW04, located south of 
Six Mile Creek in line with the plume, detected TCE at 17.7 
µg/L, exceeding cleanup goals.  TCE concentrations in 
groundwater samples collected from AOC9-MW05 (farther 
south of Six Mile Creek in line with the plume) and AOC9-
MW06 (in Six Mile Creek downstream of the plume) were un-
detected during the 2000 SI.  This data indicates that TCE con-
tamination is flowing via groundwater to the creek. 

  
 The parent and daughter products of TCE (tetrachloroethene, 

cis-1,2-dichloroethene, and vinyl chloride) were also found at 
levels exceeding proposed cleanup goals.  Therefore TCE and 
its parent and daughter products in groundwater will be further 
addressed in this FS.  

 
 Other VOCs detected with concentrations exceeding cleanup 

goals include: 1,2-dichloroethane, 1,3,5-trimethylbenzene, ace-
tone, ethylbenzene, isopropylbenzene, methylene chloride, 
n-butylbenzene, n-propylbenzene, naphthalene, 
sec-butylbenzene, tert-butylbenzene, and xylene (total).  These 
VOCs in groundwater will be further addressed in this FS. 

 
 Elevated concentrations of inorganics, including aluminum, 

iron, manganese, and potassium, were found throughout the 
site in varying concentrations in multiple site investigations.  
However, these inorganics are naturally occurring and will 
therefore not be addressed further in this FS.   

 
 Selenium and thallium were detected at elevated levels in 

monitoring wells sampled during the 2000 SI.  In some cases 
(G009-MW01, -MW02, -MW03, -MW04), selenium was de-
tected in filtered samples but had not been detected in either fil-
tered or unfiltered 1997 ESI samples.  In other cases, (AOC9-
MW05, -MW06, and -MW07) selenium was detected at higher 
levels in the filtered sample as opposed to the unfiltered sam-
ple.  These results are questionable because detected metals 
concentrations are typically lower in filtered samples than in 
unfiltered samples.  Therefore, although selenium was detected 
in groundwater, the levels detected are questionable and will 
not be addressed further in this FS. 

 
 Thallium was detected in only one sample (AOC9-MW07) dur-

ing one site investigation.  An on-site source of thallium is un-
known and there is evidence of sporadic and inconsistent detec-
tions of thallium basewide.  Therefore, although thallium was 
detected above proposed cleanup goals, there is reason to be-
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lieve thallium is not a contaminant of concern in groundwater 
at this site and will not be further addressed in this FS. 

 
 Concentrations of two pesticides, aldrin and dieldrin, were 

found in one of the five groundwater test pit samples (AOC9-
GW-TP03) collected during the 2002 SI.  Pesticides have been 
found at levels exceeding ARARs due to general use basewide.  
Since pesticides were detected in only one groundwater sample 
on-site and there is historical use of pesticides basewide, an on-
site source is unlikely.  Therefore, remediation of these analytes 
is not warranted in groundwater and will not be further ad-
dressed at this site. 

 
 Bis(2-ethylhexyl)phthalate is a common sample contaminant 

due to its presence in the gloves typically used by field and 
laboratory personnel.  It is suspected that the detection of this 
analyte is from this source and is not site-related.  Therefore 
bis(2-ethylhexyl)phthalate in groundwater will not be further 
addressed in this FS. 

 
2.6 Determination of Contaminated 

Groundwater Volume 
In this section, contamination of the on-site plume is evaluated 
considering the ARAR-based proposed cleanup goals identified in 
Section 2.5.  This evaluation defines the extent of the plume in the 
areas where remedial action should be considered.  
 
To determine the extent of groundwater contamination, the maxi-
mum concentrations of the shallow, intermediate, and deep sam-
ples from the 2000 and 2002 Geoprobe/Hydropunch data were util-
ized to develop 2-dimensional concentration contours that illustrate 
the extent of the plume.  Groundwater concentration contours were 
developed using Surfer  software and plotted for chloroben-
zene/1,2-dichlorobenzene, TCE, and dichloroethene (DCE)/VC 
(see Figures 4-1, 4-2, and 4-3 in the 2003 RI).  Chlorobenzene was 
found in varying concentrations along the entire plume, while the 
majority of TCE contamination was found within 100 feet of Six 
Mile Creek.  DCE concentrations extended between the area 
around AOC9-MW8 to Six Mile Creek.  The concentration contour 
plot for chlorobenzene captured the majority of the other VOC 
contaminant contours and was therefore used to estimate the area 
of the contaminated plume.  This chlorobenzene plot illustrates the 
lateral extent of contamination and is included as Figure 2-2.  The 
vertical extent of contamination is included as Figure 2-3. 
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Data from previous site investigations show groundwater contami-
nation extends to bedrock in the saturated aquifer.  For the con-
taminated groundwater volume calculation, the 5 µg/L contour for 
chlorobenzene established a conservative boundary for capturing 
on-site groundwater contamination.  Depth to groundwater was 
approximated in the 2004 RI to be 11 feet BGS north of Perimeter 
Road, while south of Perimeter Road it was approximated to be 3.5 
feet BGS.  Bedrock was assumed to be encountered approximately 
15 feet below the top of the water table at the site (i.e., 26 feet BGS 
north of Perimeter Road and 18.5 feet BGS south of Perimeter 
Road).  Based on this information, E & E estimated approximately 
1.1 x 106 cubic feet (8.1 x 106 gallons) of groundwater would re-
quire remediation.  This volume was calculated based on contour 
interval area take-offs (from Figure 2-2) and assuming a saturated 
depth of 15 feet.  Proposed groundwater remedial actions assume 
multiple groundwater flushes of the plume over the assumed reme-
dial period.  Supporting calculations are provided in Appendix A. 
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Identification and Screening 
of Remedial Technologies�
 
 
 
 
3.1 General Response Actions 
This section identifies general response actions (GRAs), or classes 
of responses, to contaminated areas.  GRAs describe classes of 
technologies that can be used to meet the remedial action objec-
tives for groundwater at AOC 9.  Applicable classes of remedial 
technologies were identified and initially screened based on their 
effectiveness, implementability, and cost effectiveness, taking into 
consideration the site-specific conditions and contaminant charac-
teristics.  Past performance (i.e., demonstrated technology) and op-
erating reliability were also considered in identifying and screening 
applicable technologies.  Technologies that were not initially con-
sidered effective and/or technically or administratively feasible 
were eliminated from further considerations. 
 
Six types of general response actions were identified for on-site 
contaminated groundwater: 
 

 No action; 
 

 Natural attenuation; 
 

 Institutional controls; 
 

 Capture and control; 
 

 In situ treatment; and 
 

 Ex situ treatment. 
 
3.2 Groundwater Treatment Technologies 
3.2.1 Limiting Considerations 
The range of potential treatment technologies for use at the AOC 9 
contaminated groundwater plume is limited because inapplicable 
or inappropriate technologies, such as those involving fractured 
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bedrock, nonaqueous-phase liquids, or high concentrations of dis-
solved contaminants, were not considered.  Response technologies 
that could be appropriate for the general conditions that exist at the 
site are discussed below. 
 
3.2.2 No-action 
A no-action response must be evaluated during the course of the 
FS.  The no-action alternative involves taking no further action to 
remediate groundwater conditions at the site and is used as the ba-
sis of comparison with the other alternatives.  As prescribed by the 
National Oil and Hazardous Substances Pollution Contingency 
Plan (NCP), no action is an acceptable alternative only when it 
does not result in an unacceptable risk to human health and the en-
vironment.   
 
3.2.3 Natural Attenuation 
Natural attenuation uses ongoing natural processes to reduce the 
concentrations of contaminants within an aquifer.  There are often 
aerobic and anaerobic processes occurring within a plume that may 
eventually reduce contaminant concentrations to proposed cleanup 
levels.  The natural attenuation response action includes documen-
tation of how these processes are occurring and how they will or 
will not remediate groundwater before potential receptors are ex-
posed. 
 
Natural attenuation uses naturally occurring treatment mechanisms 
to reduce the concentration of contaminants in an aquifer, includ-
ing physical processes such as dispersion, volatilization, and ad-
sorption, but more importantly relies on the destructive mecha-
nisms of anaerobic biological reduction.  Under the right condi-
tions, anaerobic microorganisms can reductively dechlorinate or-
ganic solvents, ultimately producing ethene and chloride end prod-
ucts.  Alternatively, this mechanism can produce less chlorinated 
compounds that are amenable to mineralization through aerobic 
biological treatment mechanisms.  The reductive dechlorination 
reaction requires anaerobic conditions as well as sufficient electron 
donors to supply reducing power.  Typically, electron donors in-
clude hydrocarbon contamination that may be co-located with the 
solvent contamination, or carbohydrate or organic acid material 
that may be present either naturally or from the disposal of nonhaz-
ardous material.   
 
A protocol was developed by the EPA to document the natural at-
tenuation process, the methods used to verify their natural attenua-
tion is occurring, and the conditions under which it can be applied.  
This technology can be used to clean up a site if the existing proc-



 
 

3.  Identification and Screening of Technologies 
 

 
02:001002_UK10_03_06-B1332 3-3 
GAFB AOC9 FS.doc-10/27/04 

esses are suitable for treating contaminants as fast as they are re-
leased and if the plume would not migrate to potential future recep-
tors.   
 
Natural attenuation is not applicable as a stand-alone remedial 
technology at AOC 9 for two reasons.  First, natural attenuation 
parameters were collected as part of the 2000 SI and data indicated 
that primarily aerobic conditions existed at the site, although there 
was some indication that anaerobic conditions may exist as well.  It 
is well documented that PCE and TCE readily attenuate in anaero-
bic conditions; DCE and VC readily attenuate in aerobic condi-
tions.  Chlorinated benzenes can evaporate when exposed to air, 
but with respect to chlorobenzene, specifically, there is no clear 
documentation indicating whether chlorobenzene attenuates more 
readily in aerobic versus anaerobic conditions.  Therefore, it is un-
clear as to the rates and processes at which natural attenuation is 
occurring on-site.   
 
Secondly, groundwater contamination is currently discharging to 
Six Mile Creek.  By allowing natural attenuation to occur, ground-
water contamination will continue to flow to the creek, as evi-
denced by analysis of groundwater samples collected between the 
1997 ESI and the 2000 SI, which showed an increase in chloroben-
zene and TCE concentrations from AOC9-MW04 (located south of 
Six Mile Creek, in line with the plume).  Due to attenuation uncer-
tainties and evidence of groundwater contamination discharging to 
the creek, natural attenuation is not considered a viable remedial 
technology as a stand-alone technology.  Natural attenuation will, 
however, be evaluated in combination with other remedial tech-
nologies to provide a complete remedial action. 
 
3.2.4 Institutional Controls 
Institutional controls are not technologies.  Rather, they are legal or 
social actions or practices that reduce or prevent exposure of the 
human population to the contaminated groundwater (e.g., deed re-
strictions, fencing/signs, health advisories).  Long-term groundwa-
ter monitoring can also be included in institutional controls to de-
tect contaminant migration toward potential receptors.  Long-term 
monitoring is distinct from natural attenuation in that it does not 
attempt to demonstrate that the contaminants are being degraded 
and/or that they will be attenuated before reaching a receptor. 
 
Institutional controls can be used as a stand-alone alternative or can 
be used in conjunction with other technologies to achieve RAOs.  
The Record of Decision (ROD) for Six Mile Creek (E & E Decem-
ber 2003) states that sources of contamination to the creek will be 
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remediated and potential sources, such as AOC 9, may be remedi-
ated if recommended by this FS.  Since the 2003 RI indicates a 
portion of AOC 9 groundwater discharges to Six Mile Creek, insti-
tutional controls should not be used as a stand-alone alternative at 
this site.  Because groundwater in the vicinity of AOC 9 is cur-
rently not used and not anticipated to be used as a drinking water 
source, this technology is effective in preventing exposure to 
groundwater contaminants, and institutional controls are readily 
implemented.  Therefore, institutional controls will be retained for 
further consideration in conjunction with other technologies. 
 
3.2.5 Capture and Control 
 
Subsurface Barriers 
Subsurface barriers are typically used to divert the flow of ground-
water from a contaminated area or to direct the flow of contami-
nated groundwater into a capture or treatment system.  Typical bar-
riers include slurry walls, sheet piling, and grouting. 
 
Slurry walls are usually constructed by excavating a trench while 
simultaneously replacing the excavated soil with a slurry of soil 
mixed with bentonite clay or cement mixed with bentonite clay.  
Slurry walls can also be created by augering a series of intersecting 
vertical boreholes and mixing the slurry in the boreholes.  The 
overlapping, filled boreholes comprise a slurry wall.  The excava-
tion of slurry walls in dense, hard, fractured rock is difficult and 
often precludes implementation under these conditions. 
 
Sheet piling with interlocking joints can be driven or vibrated into 
the ground in granular material to form an effective barrier to 
groundwater flow.  Several materials can be used for sheet pilings, 
including wood, plastic, precast concrete, and steel, but steel is 
used most often. 
 
Subsurface barriers are most effective and their success often de-
pends upon their completion within the upper portion of a natural 
layer of low hydraulic conductivity such as an aquiclude.  Where 
areas of low hydraulic conductivity exist, subsurface barriers cap-
ture and control groundwater flow quite effectively, and all three 
barrier types are equally implementable.  Because the plume at 
AOC 9 is relatively shallow (approximate maximum of 26 feet 
BGS to bedrock), a subsurface barrier may be cost-effective and 
may be effective in combination with a collection or in situ treat-
ment technology.  Therefore, subsurface barriers will be retained to 
possibly be combined with another treatment technology.  
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Groundwater Collection 
Groundwater is captured and controlled by pumping it out of the 
ground and creating hydraulic gradients toward the capture point.  
The capture methods considered include trenching (with or without 
barriers to enhance control) and pumping wells. 
 
Collection Trenches.  Groundwater collection trenches can be 
constructed inexpensively.  They can be filled to prevent sidewall 
collapse or left open with sloping walls to create an open ditch.  A 
perforated pipe is usually placed near the bottom of a filled trench 
and surrounded by granular material of high hydraulic conductivity 
such as sand or gravel.  The pipe functions as a horizontal well and 
drains water to a sump for removal.  An open ditch performs the 
same function and it requires no pipe but involves the removal of 
more soil. 
 
Collection trenches are generally effective and readily implemented 
for shallower plumes.  Because the plume on-site is relatively shal-
low, a trench collection system could be used to collect and convey 
contaminated groundwater.  Therefore, collection trenches will be 
retained as an applicable technology.   
 
Extraction Wells.  Extraction wells are constructed with a well 
screen that opens to the aquifer along that part of the well length 
placed within the contaminated portion of the aquifer.  This is sur-
rounded by a material of high hydraulic conductivity, such as sand 
or gravel, and a pump is usually inserted in the screened internal 
well.  Shallow wells may have pumps at the surface, with only a 
production pipe extending below the water table.  Well screens and 
casings, pumps, and pipes are often constructed of polyvinyl chlo-
ride (PVC), steel, or stainless steel, depending on the expected cor-
rosivity or aggressiveness of the water and the expected life of the 
well.  The diameter of the well, its anticipated pumping capacity, 
and the size of the pump are determined based on aquifer proper-
ties and the capture zone required. 
 
Extraction wells are both effective and implementable and will be 
considered further.  
 
3.2.6 In situ Treatment 
In situ groundwater treatment is performed without extracting the 
groundwater from the aquifer.  The following paragraphs discuss 
the biological, chemical, and physical processes that may be used 
to remediate groundwater.   
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Biological In situ Treatment 
The biological treatment processes described in the section on 
natural attenuation (see Section 3.2.3) are a form of in situ reduc-
tion of chlorinated solvent plumes.  In cases where this process is 
not occurring naturally or occurring very slowly, it can be pro-
moted by artificially providing the required conditions.  The most 
common reason natural oxidation/reductive dechlorination does 
not take place is a lack of electron acceptors/donors to power the 
processes.  Addition of electron acceptors/donors can cause the 
biological processes to occur that otherwise would not.   
 
Additives such as organic acids, oils, and proprietary time-release 
compounds have been used to supply electron donors needed to 
enhance degradation of chlorinated solvents such as TCE.  The 
success of this technology depends on the successful introduction 
of the donors into the full extent of the plume or source, the main-
tenance of anaerobic conditions, and the maintenance of adequate 
donor supply throughout the period of treatment.  This technology 
is still in the development stage.  However, the fundamental sci-
ence of the process is identical to the more established natural at-
tenuation treatments.  
 
Minimal information has demonstrated successful biological 
treatment of chlorobenzene.  Although biological treatment has 
been demonstrated to successfully degrade chlorinated solvents 
under proper site conditions (Nishino 1992), the degradation of 
chlorobenzene is uncertain and further studies would be required to 
demonstrate that degradation of the contaminants of concern will 
occur at the site.  Since biological treatment of one of the contami-
nants of concern is not well demonstrated and the other is in devel-
opment, in situ biological treatment of groundwater does not ap-
pear to be effective or readily implementable for this site.  There-
fore, in situ biological treatment will not be retained as an applica-
ble technology.  
 
Chemical In situ Treatment 
 
In situ Oxidation.  In situ chemical oxidation is a process by 
which strong oxidizing agents are introduced to the contaminated 
media so that contaminants are either completely oxidized into 
CO2 and water or converted to nontoxic compounds commonly 
found in nature.  Chemical oxidants that have been shown to effec-
tively oxidize organic compounds include hydrogen peroxide 
(H2O2), potassium permanganate (KMnO4), and ozone.  Typically 
these oxidizing agents are injected into the ground through a series 
of injection wells that cover the plume area.   
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The use of H2O2 with soluble iron (Fe2+) to oxidize organic com-
pounds is based on Fenton’s chemistry, where H2O2 is decomposed 
by Fe2+ to form hydroxyl radicals.  The hydroxyl radicals act as 
strong oxidants capable of attacking the carbon-hydrogen bond and 
converting complex organic compounds into carbon dioxide and 
water.  Generally, a low pH environment (2 to 4 pH) is needed to 
promote the generation of hydroxyl radicals, although some ven-
dors have reportedly developed ways to apply this technology at 
pHs closer to neutral.  Using H2O2 has two main advantages:  no 
organic by-products are formed during the oxidation process and 
iron and hydrogen peroxide are abundant and low cost.  A major 
concern with using H2O2 is handling large quantities of chemicals 
and introducing acidic solutions into the environment.  In addition, 
special measures may be required during injection of H2O2 into the 
ground because it can readily break down into water vapor and 
oxygen (O2). 
 
Potassium permanganate is also an effective oxidizing agent for 
some, but not all, organic contaminants.  Reaction of KMnO4 with 
organic compounds produces manganese dioxide (MnO2) and CO2 
or an intermediate organic compound.  Since MnO2 is naturally 
present in soils, the introduction of permanganate to the environ-
ment is generally not a concern.  However, the production of MnO2 
particles may result in reduction of the general permeability of the 
affected aquifer in the treated area.   
 
Ozone, like KMnO4 and H2O2, is also an effective oxidant for or-
ganic contaminants.  One advantage of using ozone is the ability to 
generate it on-site, which eases transportation and storage prob-
lems. 
 
In situ oxidation technologies have recently gained more attention 
as a feasible alternative to remediate sites contaminated with chlo-
rinated and non-chlorinated organic compounds.  One of the pri-
mary concerns and key to successful implementation of in situ oxi-
dation technologies is delivering the aqueous chemical oxidants to 
the contaminated region.  In general, implementation of in situ oxi-
dation proceeds in three phases:  laboratory bench-scale study, on-
site pilot program, and full-scale treatment.  The bench-scale study 
determines the effectiveness of oxidation on the site’s contami-
nants and the optimum treatment dosage.  Upon successful com-
pletion of the laboratory study, an on-site pilot-scale study is con-
ducted, for which a series of well points are installed in a represen-
tative area of the plume (typically the highest area of contamina-
tion) to further evaluate the treatment potential of the contami-
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nants.  Specific system monitoring and sampling procedures are 
performed during the two to three-month long pilot program to 
evaluate reaction efficiency and environmental response.  If the 
pilot program is successful, full-scale treatment is performed using 
procedures similar to the pilot program, and a chemical delivery 
system is designed to cover the plume area.  
 
Bench-scale tests and an on-site pilot study were performed on 
contaminated groundwater at AOC 9 (E & E June 2004).  Bench-
scale test results from the Fenton-based test on the site groundwa-
ter indicated a 99.9% destruction of VOCs, while potassium per-
manganate showed no VOC reduction.  The pilot study was located 
in the vicinity of AOC9-MW08 and exhibited a general decrease of 
pilot study-established COCs: chlorobenzene, 1,2-DCB, 1,3-DCB, 
and 1,4-DCB (see Section 4.3 and 5.3 for further discussion).  
Therefore in situ chemical oxidation will be retained as an applica-
ble technology. 
 
In situ Zero-valent Iron Reactive Walls.  In situ reactive walls 
containing zero-valent iron is a passive-type technology used to 
degrade chlorinated organic compounds in groundwater as they 
pass through the “wall.”  The oxidation of the zero-valent iron by 
water provides a source of electrons for reductive dehalogenation 
of the chlorinated organic compounds.  The simultaneous oxidation 
of iron and degradation of the chlorinated organic compounds pro-
ceeds spontaneously without the addition of catalysts or a source of 
energy.  The products of this reaction are chloride and non-toxic 
hydrocarbons. 
 
The two most common configurations of in situ iron reactive walls 
are the funnel and gate and the continuous permeable wall systems.  
In the funnel and gate system, impermeable funnel sections are in-
stalled to direct groundwater to the reactive permeable gate sec-
tions that contain the zero-valent iron.  With the continuous per-
meable wall system, a reactive wall section is placed to intersect 
the entire plume.  These continuous walls can be anchored to an 
impermeable layer or hung from the surface.  The appropriate con-
figuration is usually based on site characteristics, prevention of 
groundwater from escaping below or around the reactive wall, and 
providing the optimal residence time (contact time) for reducing 
the contaminant concentrations to proposed cleanup levels as they 
naturally flow through the wall.  
 
Several studies have evaluated the potential use of zero-valent 
metals to degrade halogenated organic compounds dissolved in wa-
ter.  The in situ chemical treatment wall using iron was initially 
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developed at the University of Waterloo in 1992.  EnviroMetal 
Technologies, Inc., subsequently commercialized this treatment 
method, which is now referred to as EnviroMetal ProcessTM.  Since 
this technology was commercialized, 32 pilot-scale and 28 full-
scale systems have been implemented at a number of sites in the 
United States.  Pilot-scale studies indicated treatment efficiencies 
of more than 95% for VOCs.  Discussions with a technology-
specific vendor indicated that using the zero-valent iron wall to 
degrade chlorinated benzenes has been unsuccessful.  An addi-
tional technology such as activated carbon (in situ or ex situ) 
would be required to remediate the site contaminants identified in 
Section 2.5.2.  
 
Other media evaluated for the treatment of VOCs were zero valent 
zinc, palladized zinc, palladized iron, iron/magnesium/, iron/sulfur 
and hydrogen activation systems with palladium catalyst.  Of these 
media, only the hydrogen activation system with palladium catalyst 
was tested specifically for chlorobenzene in an in situ pilot study.  
However, anaerobic degradation of the chlorbenzene was not 
proven (EPA January 2002). 
 
The process of implementing a site-specific reactive wall technol-
ogy proceeds in a phased approach.  Bench-scale testing is con-
ducted first to determine the rate of degradation and residence time 
required to achieve the required proposed cleanup levels.  An on-
site, pilot-scale study is then conducted to collect the required data 
and design parameters that would be required for full-scale imple-
mentation.  Finally, a full-scale system is designed using the data 
collected during the pilot study. 
 
In situ reactive walls have been shown to be most technically effec-
tive and cost-effective for depths less than 45 feet and are poten-
tially applicable at this site.  The additional capital and opera-
tion/maintenance costs for an additional technology to treat site 
contaminants (chlorobenzene and other VOCs) makes this technol-
ogy more difficult to implement.  Therefore, the in situ zero-valent 
iron reactive wall technology may not be as cost effective when 
compared to other available treatment technologies and will not be 
retained for further consideration.    
 
In situ Nano-scale Bimetallic Particles Treatment.  Nano-scale 
bimetallic particle (BMP) treatment is a developing technology that 
uses the same chemistry as the zero-valent reactive iron walls.  To 
implement this technology, iron (doped with some deposits of pal-
ladium catalyst to increase reaction rates) is introduced into the aq-
uifer via injection wells as nano-scale subcolloidal-size particles 
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rather than placed as a monolithic wall in an excavated trench.  
This reduces cost by requiring less iron (BMP has much greater 
specific surface area for promoting the reduction reaction) and ob-
viating the need for trench construction.  However, it requires the 
injection of the BMP into the aquifer, which in turn would require 
that all of the aquifer be effectively accessible through an injection 
program.  An injection program would require that the injected 
BMP travel from the injection spot to a sufficient radius of influ-
ence but also would eventually adsorb to the aquifer matrix to pro-
vide a resident dechlorination power within the aquifer matrix it-
self.  The plumes considered in this FS are all situated in relatively 
slow-moving groundwater that would minimize the effect of con-
tinued BMP migration following injection.  
 
Similar to the permeable zero-valent iron reactive wall, BMP 
treatment may be applicable at AOC 9.  BMP treatment will result 
in a cost savings over in situ zero-valent iron reactive wall technol-
ogy because a trench and/or containment barriers would not have 
to be excavated.  However, because this technology has been dem-
onstrated less often than permeable reactive barriers and because of 
the uncertainties of contaminant remediation, BMP treatment will 
not be retained for further consideration. 
 
Physical In situ Treatment 
 
Air Sparging/Soil Vapor Extraction.  Air sparging (AS) is reme-
dial technology that reduces concentrations of VOCs that are ad-
sorbed to soils and dissolved in groundwater.  This technology, 
which is also known as “in situ air stripping” and “in situ volatili-
zation,” involves the injection of contaminant-free air into the sub-
surface saturated zone under pressure, enabling a phase transfer of 
VOCs from a dissolved state to a vapor phase.  The air and vapor 
phase VOCs are then vented through the unsaturated zone.  
 
Air sparging is most often used together with soil vapor extraction 
(SVE), but it can also be used with other remedial technologies.  
When air sparging is combined with SVE, the SVE system creates 
a negative pressure in the unsaturated zone through a series of ex-
traction wells to control the vapor plume migration.  This com-
bined system is called AS/SVE.  Implementing a site-specific 
AS/SVE system proceeds in a phased approach.  An on-site, pilot-
scale study is conducted to collect the required data and design pa-
rameters that would be required for full-scale implementation.  
Then a full-scale system is designed using the data collected during 
the pilot study. 
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Due to the relatively high volatility of site contaminants, chlorin-
ated solvents and benzenes, the physical removal through AS/SVE 
is a viable technology for this site.  Therefore in situ AS/SVE will 
be retained as an applicable technology. 
 
3.2.7 Ex situ Treatment 
Ex situ treatment requires contaminated groundwater to be cap-
tured and removed from the aquifer before treatment.  Groundwa-
ter is captured using a groundwater recovery system such as recov-
ery wells or trenches.  Ex situ treatment allows for greater flexibil-
ity in controlling the physical, chemical, or biological conditions, 
or any combination of these conditions, that are required to remove 
or destroy the contaminants. 
 
Physical/Chemical Treatment 
The six technologies below have been considered for physi-
cal/chemical treatment of extracted groundwater. 
 
Precipitation/Coagulation/Flocculation.  This process removes 
metals and colloidal and dissolved solids from wastewater.  Pre-
cipitation is a chemical (or electrochemical) process by which 
soluble metallic ions and certain anions are converted to an insol-
uble form for subsequent removal from the wastewater stream.  
Various coagulants and coagulant aids such as alum, ferric chlo-
ride, sodium sulfide, organic polymers, and sodium hydroxide are 
selected, depending on the specific waste material to be removed, 
and rapidly mixed with the wastewater to cause the colloidal parti-
cles to agglomerate into a floc large enough to be removed by a 
subsequent clarification process.  The performance of the process 
is affected by chemical interactions, temperature, pH, solubility 
variances, and mixing effects.  These will be considered as viable 
technologies potentially needed as a pretreatment step to be used 
with other treatments such as air stripping/sparging.  
 
Filtration.  Filtration is a well-established unit operation for 
achieving supplemental removal of residual suspended solids from 
wastewater.  Filtration may be employed prior to ex situ air strip-
ping/sparging or activated carbon adsorption to reduce the potential 
for biological growth, clogging, and the suspended solid loads on 
these units.  Filtration could also be used as part of a polishing unit 
to remove residual floc from the effluent of a precipitation, floccu-
lation, and sedimentation process.  This technology will be retained 
for further consideration. 
 
Sedimentation.  Sedimentation is designed to let water flow 
slowly and quiescently, permitting solids more dense than water to 
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settle to the bottom and materials less dense than water (including 
oil and grease) to flow to the surface.  Polymers may be added to 
the wastewater to enhance liquid-solid separation.  Settled solids 
form a sludge at the bottom of the clarifier, which is pumped out 
either continuously or intermittently.  Oil and grease and other 
floating materials may be skimmed off the surface.  Filtration is 
more appropriate than sedimentation for the low-flow applications 
considered in this study.  Thus, this technology will not be retained 
for further consideration. 
 
Activated Carbon Adsorption.  Activated carbon adsorption re-
moves organics from aqueous waste streams by adsorbing the 
compounds onto the large internal pore surface area of activated 
carbon.  This process has been demonstrated on a variety of organ-
ics, particularly those exhibiting low solubility and high molecular 
weight.  It is an effective and reliable means of removing low solu-
bility organics over a broad range of concentrations.  Activated 
carbon can be used in a treatment column or by adding powdered 
activated carbon directly to contaminated water.  In column appli-
cations, adsorption involves the passage of contaminated water 
through a bed of activated carbon that adsorbs the contaminants.  
When the activated carbon has been utilized to its maximum ad-
sorptive capacity (i.e., spent), it is then removed for disposal, de-
struction, or regeneration. 
 
Carbon adsorption can be readily implemented at hazardous waste 
sites and can remove dissolved organics from aqueous wastes to 
levels below 1 µg/L.  This process will be retained for further con-
sideration. 
 
Air Stripping/Steam Stripping.  This includes mass transfer 
processes in which volatile organic contaminants in water are 
transferred to gas.  Stripping processes maximize contact between 
contaminated aqueous solutions and air and transfer volatile organ-
ics to the air to form a gaseous effluent.   
 
Air stripping is effective for diluting waste streams that contain 
highly volatile organics.  Steam stripping and elevated-temperature 
air stripping are effective for more concentrated waste streams con-
taining less volatile organics.  Steam stripping is a variation of dis-
tillation that uses steam as both the heating medium and the driving 
force for the removal of volatile materials.  Steam is introduced 
into the bottom of a tower, and as it passes through the wastewater, 
the steam vaporizes, removes volatile materials from the waste, 
and exits via the top of the tower.  Although commonly employed 
as an in-plant technology for solvent recovery, steam stripping is 
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also used as a wastewater treatment process.  Air stripping and 
steam stripping will be further considered as viable in combination 
with other remedial technologies. 
 
Ultraviolet Oxidation.  The ultraviolet (UV)-light chemical oxida-
tion process is applicable to the removal or destruction of organic 
contaminants in groundwater.  Using hydrogen peroxide or ozone 
as a reagent, this process reduces the contaminants to acceptable 
levels or destroys them completely.  UV light catalyzes the chemi-
cal oxidation of organics in groundwater.  The process involves 
extracting the contaminated groundwater and passing it through an 
oxidation chamber (the mixture flows past the UV lamps, which 
are housed in quartz tubes).  The contaminants absorb the UV 
light, and this light energy activates the contaminant so that it is 
more readily oxidized by the hydrogen peroxide or ozone.  This 
technology will be retained as a viable pre/post-treatment step to be 
combined with other remedial technologies.  
 
Constructed Treatment Wetland 
Constructed treatment wetlands (CTWs) are manmade wetlands 
that are designed to reduce pollutants to acceptable levels.  They 
can be constructed as surface- or subsurface-flow wetlands.  Most 
often, they treat surface water, but they can also receive and treat 
groundwater.  Today, there are more than 300 systems operating in 
North America that treat contaminants at rates greater than 50,000 
gallons per day for a wide range of pollutants in domestic wastewa-
ter, refinery effluents, drainage from mining sites, and waters from 
hazardous waste sites (EPA 1996).  All wetlands (both manmade 
and natural) contain interdependent physical, biological, and bio-
geochemical processes that can effectively remove pollutants.  
These processes (mixing, adsorption, precipitation, volatilization, 
phytoremediation, and microbial degradation) act singly or together 
to remove different types of organic and/or inorganic contaminants. 
Inorganic compounds cannot be degraded; hence, they are stored in 
a wetland.  Wetland processes can help transfer them from one 
medium to another and make them insoluble.  Organic compounds 
such as petroleum hydrocarbons and some chlorinated organics 
actually can be degraded and, therefore, permanently remediated 
through wetland processes.    
 
Wetlands exhibit both aerobic and anaerobic conditions.  Aerobic 
conditions persist in the surface water column and, to a lesser de-
gree, in the thin layer of surface sediment and within the layer of 
respirating roots.  Anaerobic conditions dominate in the underlying 
zone of detritus and peat, although there are pockets of aerobic 
conditions within respirating roots.  The presence and proximity of 
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both aerobic and anaerobic environments in wetlands ensure that 
multiple microbial degradation reactions can occur and can de-
grade many chlorinated hydrocarbons such as PCE and TCE, 
which degrade anaerobically, and petroleum hydrocarbons daugh-
ter products of TCE, which degrade aerobically.  Microorganisms 
within the wetland gain energy for growth and reproduction by per-
forming oxidation-reduction reactions.  During these reactions, or-
ganic compounds are degraded by serving either as the electron 
donor that becomes oxidized or as an electron acceptor that be-
comes reduced.   
 
There is evidence of CTWs successfully remediating contaminated 
groundwater with chlorinated ethenes.  In a recent study performed 
by the United States Geological Survey (USGS) at the Aberdeen 
Proving Grounds, the half-lives of chlorinated solvents such as 
TCE in a wetland were reported in the range of 2 to 7 days (USGS 
1998).  This half-life is much lower than what has been previously 
measured through laboratory studies.  Since 1998, E & E has been 
performing a full-scale pilot study to remediate a groundwater 
plume contaminated with TCE, DCE, and VC.  The CTW has been 
constructed directly into the groundwater plume so the system is 
entirely passive: no pumps or electricity are necessary.  The CTW, 
which is four acres in size, treats an average of 40,000 gallons per 
day (gpd) with average removal rates in the range of 95%.  With 
recent improvements the treatment wetland has actually been oper-
ating at removal rates of 99%, resulting in contaminant concentra-
tions exiting the wetland below MCLs. 
 
There is limited evidence of successful treatment of chlorinated 
benzenes in CTWs.  Some say that chlorobenzenes are not usually 
metabolized by natural communities (van der Meer 1998).  How-
ever, bench-scale studies performed to evaluate the biodegradabil-
ity of chlorobenzene show that it is possible for chlorobenzene to 
degrade under methanogenic conditions (Means and Hinchee 
2000).  There is potential that the biodegradation process could be 
enhanced in a CTW because microbial populations are higher than 
would be recognized in groundwater.  Higher microbial popula-
tions should result in higher rates of breakdown of site contami-
nants.  
 
Implementation of a CTW would proceed in two phases:  a small-
scale laboratory pilot study followed by development of a full-scale 
CTW.  A pilot study performed in a laboratory would assist in con-
firming evidence of biodegradation processes, examine transforma-
tion patterns using anaerobic and aerobic microcosms, and estimate 
degradation rates of primary contaminants of concern.  Data from a 
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pilot study would be collected for at least six months.  In addition 
to determining degradation processes and rates, the pilot study 
would be able to assist in sizing a CTW and then deciding if a 
CTW would be economical compared with other remedial tech-
nologies. 
 
A CTW at AOC 9 is considered a viable technology for the follow-
ing reasons:  
 

 Groundwater is near or at the surface at certain portions of the 
site; hence, the plume may be captured passively by excavating 
a basin in it. 

 
 It is documented that TCE and its daughter products can be 

remediated in CTWs via aerobic and anaerobic processes; evi-
dence from bench scale tests suggests that chlorobenzene and 
its parent and daughter products degrade anaerobically and are 
expected to perform similarly in the field. 

 
 There is adequate room to construct a CTW in the site area 

without any significant issues to the environs of the site area. 
 

 This technology is easily implementable and capital and opera-
tion and maintenance (O&M) costs would be minimal. 

 
Therefore, a CTW will be retained as a viable treatment technol-
ogy. 
 
Table 3-1 summarizes the applicability of each of the technologies 
presented and indicates if they will be further addressed in this re-
port. 
 

Table 3-1 Summary of Groundwater Treatment Technologies 
Section 

Reference Technology Applicable to AOC 9 
Further 

Considered 
3.2.2 No Action Yes Yes 
3.2.3 Natural Attenuation Yes, combined with other 

technology 
Yes 

3.2.4 Institutional Controls Yes Yes 
Capture and Control 
3.2.5 Subsurface Barriers Yes, combined with other 

technology 
No 

3.2.5 Collection Trenches Yes Yes 
3.2.5 Extraction Wells Yes Yes 
In Situ Treatment 
3.2.6 Biological In situ No No 
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Table 3-1 Summary of Groundwater Treatment Technologies 
Section 

Reference Technology Applicable to AOC 9 
Further 

Considered 
3.2.6 Chemical In situ Yes Yes 
3.2.6 In situ Zero-valent Iron 

Reactive Walls 
No No 

3.2.6 In situ Nano-scale Bime-
tallic Particles 

No No 

3.2.6 Air Sparging/ Soil Vapor 
Extraction 

Yes Yes 

Ex Situ Treatment 
3.2.7 Precipitation/ Coagula-

tion/ Flocculation 
Yes, combined with other 
technology 

No 

3.2.7 Filtration Yes No 
3.2.7 Sedimentation No No 
3.2.7 Activated Carbon Ad-

sorption 
Yes Yes 

3.2.7 Air Stripping/ Steam 
Stripping 

Yes, combined with other 
technology 

No 

3.2.7 Ultraviolet Oxidation Yes, combined with other 
technology 

No 

3.2.7 Constructed Treatment 
Wetland 

Yes Yes 

 
3.3 Disposal 
Once groundwater is treated, it must be disposed of.  This is the 
case for many technologies described in Section 3.2; common dis-
posal methods will be described below. 
 
Disposal is the discharge of treated groundwater to surface water or 
back into the subsurface.  A special case of disposal is discharge to 
a publicly owned treatment works (POTW), either directly or 
through a sanitary sewer.  Off-site disposal to a POTW typically 
results in additional treatment at that facility prior to discharge 
from that facility.  Disposal to surface water is typically direct, but 
it can be disposed of indirectly through a storm drain or a ditch. 
 
Discharge to POTW 
Extracted groundwater may be discharged to a POTW or a sanitary 
sewer leading to a POTW.  This requires the consent of the POTW 
after assessment of its own State Pollutant Discharge Elimination 
System (SPDES) permit conditions.  The Former Griffiss AFB has 
a system of sanitary sewer pipes that discharges to the City of 
Rome POTW.  The POTW must verify that it will continue to meet 
its permitted discharge levels while receiving the groundwater cap-
tured from the site.  Discharge to a POTW via trucking is the only 
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option because the nearest sanitary sewer line/manhole is on the 
opposite side of the runway (southwest of AOC9) and installing a 
new line is not feasible.  Considering that there are other more fea-
sible disposal options, discharge to a POTW will not be further 
considered. 
 
Reinjection Into the Aquifer 
Treated groundwater can be returned to the aquifer through the use 
of injection wells once it meets NYSDEC Class GA groundwater 
standards.  Changes in the chemistry of the water during treatment, 
particularly increased dissolved oxygen, may make this impractical 
if reactions with untreated groundwater cause the precipitation of 
iron or manganese oxides or growth of bacteria.  Therefore, this 
technology will not be considered further. 
 
Surface Water Discharge 
Discharge to surface water may be direct or indirect by discharge to 
a storm drain.  In either case, discharge permit equivalency would 
be required or the existing permit would have to be reviewed to 
ensure that the discharge complies with the permit specifications.  
This technology will be considered further. 
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Development of 
Alternatives�
 
 
 
 
The technologies that have been retained for consideration have 
been grouped into alternatives appropriate for the groundwater 
plume at AOC 9.  Consideration of the ROD for Six Mile Creek 
(E & E December 2003) was given in developing these alterna-
tives.  In general, the ROD states sources of contamination to the 
creek will be remediated and potential sources, such as AOC 9, 
may be remediated if recommended by this FS.  In collaboration 
with the Former Griffiss AFB and USACE representatives, six al-
ternatives addressing groundwater contamination were identified.  
A description of each alternative is provided in this section.  A de-
tailed evaluation of the alternatives is presented in Section 5.  The 
six alternatives are: 
 

 Alternative 1:  No Action 
 

 Alternative 2:  Institutional Controls / Long-term Monitoring 
 

 Alternative 3:  In situ Chemical Oxidation 
 

 Alternative 4:  In situ Air Sparging/Soil Vapor Extraction 
(AS/SVE) 

 
 Alternative 5:  Extraction, Treatment, and Disposal 

 
 Alternative 6:  Constructed Treatment Wetland 

 
4.1 Alternative 1:  No Action 
The No Action alternative was carried through the FS for compari-
son purposes as required by the NCP.  This alternative would be 
acceptable only if it is demonstrated that the contamination at the 
site is below the remedial action objectives or that natural proc-
esses will reduce the contamination to acceptable levels.  This al-
ternative does not include institutional controls or monitoring. 
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4.2 Alternative 2:  Institutional Controls/Long-
term Monitoring 

To prevent future exposure to contaminated groundwater, this al-
ternative calls for implementing restrictions on the use of and ac-
cess to groundwater at the AOC 9 area.  Groundwater use restric-
tions would include deed restrictions to prevent future use of the 
groundwater.  Deed restrictions would be filed to control future 
use/activities at the site.  This alternative will not actively reduce 
contaminant concentrations.  However, because groundwater in the 
vicinity of the site is not used as a drinking water source, this alter-
native is effective in preventing exposure to groundwater contami-
nants. 
 
4.3 Alternative 3:  In situ Chemical Oxidation 
Bench-scale tests and a pilot study were performed at this site in 
2002 and 2003 using in situ chemical oxidation technology, with 
results indicating effective reduction of the mass of site contamina-
tion.  This alternative consists of installation of temporary injection 
wells strategically placed in and/or near the highest concentrations 
of contaminants found along the plume in an effort to reduce con-
taminant mass.  Long-term monitoring would also be performed to 
monitor site contaminant levels.  This alternative actively provides 
contaminant reduction through in situ treatment of site-
contaminated groundwater.    
 
4.4 Alternative 4:  In situ Air Sparging/Soil 

Vapor Extraction (AS/SVE) 
Because effective treatment of contaminants by air sparging relies 
greatly on site-specific conditions, an on-site pilot study would be 
performed before full-scale implementation of this technology at 
AOC 9.  Based on favorable site conditions for this technology re-
sulting from the pilot study, this alternative would consist of the 
installation of air sparging injection wells and vapor extraction 
wells.  Both types of wells will be placed along the plume at loca-
tions in and/or near the highest concentrations of contaminants in 
an effort to reduce contaminant mass.  As site contaminants volatil-
ize from the saturated to the unsaturated zone, vapors would be 
collected through the vapor extraction wells, filtered through a car-
bon treatment system, and then discharged to the ambient air.  An 
air pollution control system will be included as part of the treat-
ment system to ensure that air emissions meet regulatory criteria 
before discharge to the atmosphere.  Long-term monitoring would 
also be performed to monitor site contaminant levels.  This alterna-
tive is effective in preventing exposure to groundwater contami-
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nants as well as actively providing contaminant reduction through 
treatment of contaminated groundwater. 
 
4.5 Alternative 5:  Extraction, Treatment, and 

Disposal 
This alternative consists of the installation of a collection trench 
perpendicular to the flow of the plume to allow for the extraction 
of site-contaminated groundwater.  The groundwater will then be 
treated by a carbon treatment system and discharged to the nearby 
Six Mile Creek.  Long-term monitoring would also be included in 
this alternative to monitor site contaminant levels.  This alternative 
actively provides contaminant reduction through treatment of con-
taminated groundwater. 
 
4.6 Alternative 6:  Constructed Treatment 

Wetland 
A bench scale pilot study would be performed before full-scale im-
plementation of a constructed treatment wetland at AOC 9.  If posi-
tive results are obtained, implementation of this alternative would 
consist of the construction of a treatment wetland in the downgra-
dient portion of the plume, along Six Mile Creek.  Aerobic and an-
aerobic processes within the wetland are expected to degrade site 
contaminants.  Institutional controls and long-term monitoring 
would also be included in this alternative to control access to the 
wetland and monitor site contaminant levels.  This alternative is 
effective in preventing exposure to groundwater contaminants as 
well as in actively providing contaminant reduction through the 
treatment of contaminated groundwater. 
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Detailed Analysis of 
Alternatives�
 
 
 
 
5.1 Alternative 1:  No Action 
5.1.1 Description 
This No Action alternative is presented in accordance with the 
NCP as a baseline for comparison with other alternatives.  This 
alternative does not include remedial action, institutional or engi-
neering controls, or long-term monitoring.  
 
5.1.2 Evaluation of Criteria 
 
Overall Protection of Human Health and the 
Environment 
This alternative is not protective of human health or the environ-
ment.  Under existing site conditions, there are currently no on-site 
human or environmental receptors in direct contact with overbur-
den groundwater contamination.  However, site groundwater dis-
charges to the surface in certain areas and to Six Mile Creek, al-
lowing the potential for exposure to site contaminants by site visi-
tors.  By not performing remedial actions or providing protection to 
human health and the environment, groundwater contamination 
exceeding regulatory standards will remain in place and be avail-
able for potential future exposure.    
 
Compliance with Applicable Standards, Criteria, and 
Guidelines 
Because no action will be taken, this alternative does not comply 
with ARARs for site COCs, and RAOs would not be achieved.  
Contaminated groundwater and/or vapors from volatile groundwa-
ter contaminants can diffuse to the surface, where they may be re-
leased to ambient air.    
 
Long-term Effectiveness and Performance 
Because this alternative does not involve the removal or treatment 
of contaminated groundwater, the contamination, the risks associ-
ated with potential groundwater use, and the migration of contami-
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nants in groundwater will remain essentially the same.  This alter-
native is therefore not effective in the long-term.  
 
Reduction in Toxicity, Mobility, or Volume through 
Treatment 
This alternative does not involve removal or treatment of contami-
nated groundwater, and therefore the toxicity, mobility, and vol-
ume of contamination will not be reduced. 
 
Short-term Effectiveness 
No short-term impacts are anticipated during implementation of 
this alternative since no groundwater removal or treatment activi-
ties are involved with the alternative. 
 
Implementability 
There are no actions to implement under this alternative. 
 
Costs 
There are no costs associated with this alternative. 
 
5.2 Alternative 2:  Institutional Controls/Long-

term Monitoring 
5.2.1 Description 
Institutional controls such as access/use and deed restrictions 
would control excavation work that could result in encountering 
on-site groundwater.  A long-term monitoring program will be im-
plemented at the site to evaluate the extent of contamination migra-
tion and attenuation.   
 
These controls are considered effective in minimizing the potential 
for direct contact with on-site contaminated groundwater.  Bi-
annual groundwater monitoring of eight of the existing on-site 
groundwater monitoring wells would be part of the long-term 
groundwater monitoring program.  G009-MW01, G009-MW02, 
G009-MW03, G009-MW04, AOC9-MW05, AOC9-MW06, 
AOC9-MW07, and AOC9-MW08 would be monitored for an as-
sumed duration of 30 years (see Figure 5-1).  As concluded in the 
Final AOC 9 Bedrock Groundwater Study (E & E December 
2002), vertical migration of site contaminants does not appear to 
extend to site bedrock, and since no modifications to site stratigra-
phy are expected, only overburden groundwater monitoring wells 
will be included in the long-term monitoring program.  Groundwa-
ter samples would be analyzed for VOCs using method SW8260B.  
It is assumed routine O&M would be required on the monitoring 
wells. 
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5.2.2 Evaluation of Criteria 
 
Overall Protection of Human Health and the 
Environment 
Because this alternative includes placement of institutional controls 
(i.e., deed restrictions) that would restrict and prevent future uses 
and exposures, it is protective of human health and the environ-
ment.  Under existing conditions, the HHRA and ERA concluded 
that there are currently no on-site human and only limited envi-
ronmental receptors.  There are no additional environmental recep-
tors anticipated in the foreseeable future.  Although this alternative 
would be protective of human health and the environment on-site, 
the plume is expected to continue to discharge into Six Mile Creek 
where there would be a continued potential for exposure. 
 
Compliance with Applicable Standards, Criteria, and 
Guidelines 
Because no action will be taken, this alternative does not comply 
with ARARs for site COCs, and RAOs would not be achieved.  
Contaminated groundwater and/or vapors from volatile groundwa-
ter contaminants can diffuse to the surface, where they may be re-
leased to ambient air. 
 
Long-term Effectiveness and Performance 
Although groundwater contamination will remain on-site, institu-
tional controls, if properly maintained, are an effective mechanism 
to prevent future exposure to contaminated groundwater.  Because 
municipal water is available in this area and there are no plans for 
future development at the site, this alternative would be effective in 
the long-term.  
 
Reduction in Toxicity, Mobility, or Volume through 
Treatment 
This alternative does not involve removal or treatment of contami-
nated groundwater, and therefore the toxicity, mobility, and vol-
ume of contamination will not be reduced. 
 
Short-term Effectiveness 
No short-term impacts are anticipated during implementation of 
this alternative, since no groundwater treatment activities are in-
volved with the alternative.  In addition, no new monitoring wells 
will be installed to implement the long-term monitoring program. 
 



 
 

5.  Detailed Analysis of Alternatives 
 

 
02:001002_UK10_03_06-B1332 5-6 
GAFB AOC9 FS.doc-10/27/04 

Implementability 
This alternative is readily implemented using standard groundwater 
monitoring methods.  Furthermore, all wells proposed for the 
monitoring program exist on-site. 
 
Costs 
The total present worth cost of this alternative based on a 30-year 
period at a discount rate of 3.2% is $510,000.  Table 5-1 presents 
the quantities, unit costs, and subtotal for the various work items in 
this alternative.  Annual groundwater monitoring costs and renewal 
of institutional controls were assumed for this alternative. 
 
5.3 Alternative 3:  In situ Chemical Oxidation 
5.3.1 Description 
This alternative involves the delivery of a strong oxidizing agent 
into the subsurface through temporary injection points (i.e., direct 
push points) to oxidize contaminants of concern to non-toxic com-
pounds.  In addition, institutional controls, including long-term 
monitoring of groundwater, would be placed to minimize the po-
tential for future exposure to contaminated groundwater until it had 
reached cleanup goals.  During this action there would be contin-
ued monitoring of the extent and natural attenuation of the plume.   
 
Between February 2002 and December 2003, bench-scale and pilot 
studies were performed at the site to assess the effectiveness of this 
technology in remediating contaminants of concern.  Based on the 
results of the bench-scale study for contaminated soil/groundwater 
in June 2002, Fenton’s reagent was selected as the most effective 
oxidizing agent.  The Fenton’s process is based on the application 
of hydrogen peroxide and an iron catalyst to yield hydroxyl radi-
cals, which act as strong, non-specific oxidizing agents that are ca-
pable of degrading a wide variety of compounds.  Based on the re-
sults of the bench-scale study, a pilot study conducted at the site in 
two phases in October 2002 and November 2003 targeted an area 
in the vicinity of AOC9-MW8, where one of the highest VOC con-
centrations (primarily chlorobenzene [greater than 2,000 �g/L]) has 
been detected.  The results of the bench-scale and pilot studies 
were presented in the Final Groundwater Treatability Pilot Study 
Report (E & E June 2004) and are summarized below. 
 
Bench-scale tests on groundwater at AOC 9 using potassium per-
manganate and Fenton’s reagent were completed by ISOTECTM in 
June 2002 (E & E March 2003).  Results from the Fenton-based 
tests on the site’s groundwater indicated a 99.9% destruction of 
VOCs, while potassium permanganate showed no VOC reduction.   



Table 5-1  Alternative 2 - Institutional Controls / Long-term Monitoring, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Capital Costs
Work Plan LS 1 NA $8,000
Institutional Controls Each 1 $2,500.00 $2,500
Subtotal $10,500

Capital Cost Subtotal: $10,500
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $9,702

10% Legal, administrative, engineering fees, construction management: $970
15% Contingency: $1,601

Total Capital Cost: $13,000
Annual Costs (30 Years)
Monitoring
Monitoring Well Sampling (Labor) 2-persons @ $65/hr, 10hr/day; 8 total wells - 

assume 2 wells per day, twice per year
Day 8 $1,300.00 $10,400

Sampling Equipment (Rental) Groundwater level indicator, multi-parameter 
instrument, twice per year

Day 8 $150.00 $1,200

Parameter Analyses (VOC) Includes TCL VOCs (Method SW8260B); assume 1 
groundwater sample per well for 8 wells, twice per 
year

Each 16 $200.00 $3,200

Data Evaluation and Reporting HR 72 $90.00 $6,500
Monitoring Well Maintenance LS 1 NA $200
Institutional Controls Maintain/update documentation LS 1 NA $500
Subtotal $22,000

Annual Cost Subtotal: $22,000
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $20,328

10% Legal, administrative, engineering fees: $2,033
15% Contingency: $3,354

Annual Cost Total: $26,000
Present Worth of Annual Costs: $497,000

Total Present Worth Cost: $510,000

Assumptions
1.  Unit costs obtained from RS Means ECHOS Cost Reference Books were marked up by 30% to account for Contractor O&P (except for analytical analyses).

Abbreviations:
LS = lump sum
LF = linear foot
HR = hour

2.  30-year present worth of costs assumes 3.2% annual interest rate per "A Guide to Developing and Documenting Cost Estimates During the Feasibility 
Study" (EPA 540-R-00-002 July 2000) and the Office of Management and Budget Real Discount Rates last updated January 2003 
(http://www.whitehouse.gov/OMB/circulars/a094/a094.html).

 02:001009_UK10_03_06-B1332
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Groundwater and soil samples used in the bench-scale study were 
obtained from a borehole near AOC 9-MW8, where the highest 
chlorobenzene concentration was detected in groundwater.  The 
successful bench-scale results using Fenton’s reagent prompted the 
performance of a field pilot-scale study. 
 
The purpose of the pilot study was to identify and collect 
data/information needed to assess the potential full-scale applica-
tion of in situ chemical oxidation at the site.  In October 2002, a 
total of 44 temporary injection points were advanced at the site in 
six rows perpendicular to the groundwater flow direction in the 
area just north of Perimeter Road in the vicinity of AOC9-MW08.  
This area was selected because it exhibited one of the highest con-
centrations of chlorobenzene at the site.  The points were installed 
to target two saturated intervals:  10 to 15 feet BGS and 15 to 20 
feet BGS.  The injection points were installed in rows spaced 15 
feet apart, with shallow and deep injections points spaced 7.5 feet 
apart within each row.  Injection activities consisted of delivering 
17,280 gallons of 12.5% ISOTEC reagents (5,280 gallons of 
ISOTEC series catalyst 4,260 and 12,000 gallons of oxidizer [hy-
drogen peroxide]) under low-pressure conditions (15 to 40 psi).   
 
In November 2003, a second injection event occurred in which an 
additional 44 temporary injection points were advanced in the 
same general area as the injection event in October 2002.  The in-
jection points were installed in eight rows perpendicular to the 
groundwater flow.  These rows were also spaced 15 feet apart, with 
injection points spaced 7.5 feet apart within each row and injection 
intervals similar to those installed in October 2002.  During the 
second injection event, approximately 15,840 gallons of 12.5% 
ISOTEC reagents (5,280 gallons of catalyst and 10,560 gallons of 
peroxide) were pressure injected in the 44 temporary injector 
points. 
 
Three groundwater monitoring wells and three piezometers were 
selected to monitor VOCs, DOC, TAL metals, sulfate, and ferrous 
iron levels during baseline sampling and one or more of the seven 
subsequent sampling rounds.  Baseline groundwater sampling was 
conducted in July and October 2002 before injection activities, 
while the first, second, third, and fourth rounds of post-first injec-
tion sampling were conducted at two, four, eight, and twelve weeks 
respectively.  A second baseline sampling round (Round 5) was 
conducted in November 2003, prior to the second injection event.  
Two additional sampling rounds were conducted two and four 
weeks after injection activities occurred (Rounds 6 and 7, respec-
tively). 
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The results of the pilot study generally indicated a decrease in 
VOC concentrations from the study area.  Overall, 1,2-DCB de-
creased 10% to 53%, 1,3-DCB decreased 9% to 50%, 1,4-DCB 
decreased 14% to 49%, and chlorobenzene decreased 5% to 65% 
from baseline samples to monitoring samples collected eight weeks 
(i.e., Round 3 samples) after the first injection event.  After the 
second injection event, there was an overall total VOC reduction 
from baseline conditions (prior to the first injection event) of 99% 
in wells ACO9-MW12 and -MW13, 86% in AOC9-GP47I, 77% in 
AOC9-MW8, 38% in AOC0-GP48D1, and 35% in AOC9-GP44S.  
A comparison between pre- and post-treatment analytical results 
from the first injection indicated an estimated mass removal of 
about 5.9 to 10.5 pounds of VOCs (or about 27% to 50% reduction 
in mass), and the second injection resulted in an estimated mass 
removal of 17 pounds of VOCs (or about 81% reduction of mass) 
from baseline conditions (prior to the first injection) from site soil 
and groundwater (E & E June 2004).  In general, the pilot study 
results indicated that conditions at the site are conducive to treating 
chlorobenzene and other VOCs and to reducing the mass of con-
tamination at the site.   
 
This alternative assumes a 15-foot spacing in areas with VOC con-
centrations (using chlorobenzene contour intervals as an indicator) 
greater than 600 µg/L, and 30-foot spacing otherwise for the injec-
tion points based on data and observations made during the pilot 
study.  Injection points would be installed using direct push meth-
odology, which was effective during the pilot study and would be 
more cost-effective than installing permanent injection wells.  
Since the plume exhibits localized areas of high contamination, 
and because the cost of implementing in situ technologies is pro-
portional to the area, a more cost-effective approach involves tar-
geting the areas with high levels of VOC contamination.   
 
This FS assumes full-scale remediation using this technology for 
the area contained within the 100-�g/L VOC concentrations con-
tour line (estimated by chlorobenzene contour intervals [see Figure 
5-2]).  Completely remediating this area is expected to remove 
99% of the contaminant mass and approximately 28% (or 2.3 
acres) of the plume area (see Table 5-2).  Although biological ac-
tivity would be reduced in those areas directly affected by Fenton’s 
reagent, contaminant concentrations remaining on site above 
ARARs after injection event(s) have occurred are expected to at-
tenuate naturally (by biological and other processes).  Contami-
nated areas outside the treatment area are expected to attenuate 
naturally overtime. 
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Table 5-2 Comparison of Contaminant Mass per Depth to Areas Described by 

Different Intervals of Contaminant Concentration at AOC 9 

Contour 
Interval 
(µg/L) 

Lower Bound 
Concentration 

of Contour 
Interval 
(µg/L) 

Area of 
Contour 
Interval 

(ft2) 

Cumulative 
Percent Area of 
Contour Interval 

Compared to 
Entire Plume Area 

(%) 

Mass of Contaminants 
per Foot Within Interval 

(lb/ft) (lower bound 
concentration 
multiplied by 

incremental contour 
interval area) 

Cumulative 
Percentage of Total 

Mass of 
Contaminants Per 

Depth 
(%) 

>2000 2000 4,200 1.1 0.52 19.9 
1000-2000 1000 2,705 1.9 0.17 26.3 
800-1000 800 7,156 3.8 0.36 39.8 
600-800 600 17,143 8.5 0.64 64.2 
400-600 400 17,449 13.3 0.44 80.7 
200-400 200 24,522 20.0 0.31 92.3 
100-200 100 27,175 27.4 0.17 98.7 

5-100 5 106,814 56.5 0.03 100.0 
ND-5 ND 159,476 100.0 — — 

Total   366,639       
Note:  Contour interval areas determined by E & E and AutoCAD file associated with Figure 2-2 of this report. 

 
The number of temporary injection points required to effectively 
cover this area is approximately 352.  For the area north of Perime-
ter Road, where VOC concentrations are greater than 600 µg/L and 
vertically distributed over a 20-foot interval, temporary injection 
points will be installed to target two saturated intervals similar to 
the pilot study.  For areas south of Perimeter Road and areas with 
VOC concentrations between 100 µg/L and 600 µg/L north of Pe-
rimeter Road, injection points will target one interval containing 
the highest VOC concentration levels.  Field parameters such as 
oxidation-reduction potential (ORP), conductivity, and water levels 
will be collected during the injection activities to assess reagent 
distribution in the subsurface.  In addition, groundwater samples 
from selected monitoring points within the injection area will be 
analyzed using field test kits for iron and hydrogen peroxide to as-
sess the distribution of the oxidant in the subsurface.   
 
For purposes of costing this alternative, two primary injection 
events and one secondary event were assumed.  The secondary in-
jection event is intended as a polishing step to target areas where 
contaminant concentrations and mass were not reduced to accept-
able levels.  The primary and secondary injection events are as-
sumed to occur within approximately one year.  
 
Due to the observed upward gradient groundwater flow near Six 
Mile Creek and in order to eliminate the potential for oxidizing 
agents or contaminants to migrate off-site when injecting near the 
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downgradient edge of the plume, a section of Six Mile Creek will 
be diverted around the proposed injection area as shown in Figure 
5-2.  A series of three 1-inch-diameter piezometers will be installed 
downgradient of the diverted creek section to monitor for down-
gradient migration of oxidizing agents or contaminants.  If such 
migration is observed, injection activities would be modified (e.g., 
installing additional injection points with a smaller volume of re-
agents and reducing injection pressures).  In the unlikely event of 
downgradient migration of VOCs due to desorption of contami-
nants from the solid phase (associated with oxidizing organic car-
bon of the soil and shift in equilibrium partitioning), hydrogen per-
oxide would be injected into the downgradient monitoring wells, 
effectively creating an in situ treatment wall. 
 
Monitoring of plume treatment during full-scale implementation 
would be performed from four existing monitoring wells (G009-
MW03, AOC9-MW07, AOC9-MW08 and AOC9-MW12), two 
existing 1-inch piezometers (AOC9-GP44 and AOC9-GP48), two 
new 2-inch monitoring wells, and from 13 new 1-inch piezometers, 
as shown in Figure 5-2.  Baseline sampling and three rounds of 
monitoring sampling were assumed for this alternative for the first 
year.  Each sampling event would consist of VOC analysis from 
the 21 monitoring locations.  In addition, metals and dissolved or-
ganic carbon samples will be collected from six of the monitoring 
well/piezometers. 
 
For purposes of this FS, institutional controls and a long-term 
monitoring program will be implemented similar to that described 
in Alternative 2.  Because this alternative involves active treat-
ment, the majority of contaminant mass will be destroyed, and re-
sidual contamination will remain, maintenance of institutional con-
trols and the long-term monitoring program was assumed for 10 
years.  However, if contaminants of concern remain above pro-
posed concentrations cleanup goals after the assumed 10-year pe-
riod, additional monitoring should be considered. 
 
5.3.2 Evaluation of Criteria 
 
Overall Protection of Human Health and the 
Environment 
This alternative is protective of human health and the environment 
as in situ chemical oxidation would destroy contaminants of con-
cern in groundwater.  This alternative would also minimize poten-
tial exposure to groundwater from on-site drainageways and Six 
Mile Creek where site groundwater discharges to the surface/creek 
as the creek will be diverted. 
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Compliance with Applicable Standards, Criteria, and 
Guidelines  
Through destruction of site contaminants via chemical oxidation, 
concentrations in the saturated zone would be reduced; however, 
chemical-specific ARARs would not be met immediately.  How-
ever, by focusing on treatment of the most contaminated portion of 
the plume defined by the 100 �g/L chlorobenzene contaminant 
contour interval, this alternative is expected to remove approxi-
mately 99% of the contaminant mass.  Some areas with contami-
nant concentrations between 5 and 100 �g/L would remain; how-
ever, these would represent less than 1% of the original contami-
nant mass and are expected to naturally attenuate to ARARs over 
time. 
 
Long-term Effectiveness and Performance 
Because 99% of the contaminants would be permanently de-
stroyed, this alternative is effective in the long-term.  Furthermore, 
institutional controls are effective mechanisms in preventing poten-
tial exposure to residual (approximately 1%) contaminated 
groundwater.  Data collection and evaluation will be used to illus-
trate the performance of this alternative. 
 
Reduction in Toxicity, Mobility, or Volume through 
Treatment 
This alternative employs chemical oxidation to destroy the con-
taminants of concern, thus resulting in a reduction of toxicity, mo-
bility, and volume through treatment. 
 
Short-term Effectiveness 
Implementation of this alternative would require the installation of 
approximately 352 injection points in the plume.  In addition, fif-
teen new 1-inch piezometers will be installed for the long-term 
monitoring program.  Considering that AOC 9 is an open, vacant 
area, short-term impacts to install these wells and to inject the re-
agent (two primary and one secondary injection) would be minor.   
 
The duration of the piezometer construction and injection activities 
mentioned above would be completed within approximately six to 
eight months.  The long-term monitoring program would occur 
over an assumed ten-year period. 
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Implementability 
This alternative is readily implemented using standard construction 
means and methods.  Since a chemical oxidation pilot study has 
already been performed at the site, there is a better understanding 
of the physical (topography and stratigraphy) and chemical (type 
and amount of reagent) requirements necessary to treat the con-
taminants of concern at this site.   
 
Costs 
The total present-worth cost of this alternative based on a ten-year 
period at a discount rate of 2.5% is $2,149,000, including capital 
and O&M costs.  Table 5-3 presents the quantities, unit costs, and 
subtotal for the various work items in this alternative.  It was as-
sumed that the injection points during full-scale implementation 
would be temporary-type wells installed using direct push.  Institu-
tional controls and annual groundwater monitoring costs were as-
sumed for ten years. 
 
5.4 Alternative 4:  In situ Air Sparging/Soil 

Vapor Extraction (AS/SVE) 
5.4.1 Description 
This alternative would be designed to remove contaminants of 
concern by injecting air through injection wells into the saturated 
zone, volatilizing contaminants from the liquid phase to the vapor 
phase and thereby allowing removal of contaminants in the vadose 
zone.  In addition, institutional controls, including long-term moni-
toring of groundwater, would be placed to minimize the potential 
for future exposure to contaminated groundwater and to monitor 
the extent of migration or natural attenuation of the plume.  Be-
cause the success of this alternative depends greatly on the hetero-
geneity of the soil, site-specific characteristics, including the air 
flow rate and radius of influence of the injection wells, must be 
determined before full-scale treatment.  Therefore, an on-site pilot 
study is recommended.  
 
The pilot study would consist of one injection well, one soil vapor 
extraction well, several vapor probes, blowers for the air sparging 
and vapor extraction, and activated carbon to treat the off-gases.  
The wells would be located in an area where average contaminant 
concentrations have been detected because testing in areas of low 
concentrations may not provide sufficient data and testing in areas 
of high concentrations may induce migration of contaminants.  
Once the system has been set up, the system would run for several 
days, and groundwater and soil vapor samples would be collected.  
Potential fouling issues identified during the study would be taken 
into consideration for full-scale treatment recommendations.  It is  



Table 5-3  Alternative 3 - In Situ Chemical Oxidation, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Capital Costs
Work Plan / Final Report Includes submittals, reporting, meetings LS 1 NA $75,000
Institutional Controls Includes deed restrictions Each 1 $2,500.00 $2,500
Subtotal $77,500
Health and Safety
Construct Decontamination Pad & Containment For equipment & personnel Setups 2 $2,000.00 $4,000
Air Monitoring Organic Vapor Analyzer (4 units) months 6 $4,000.00 $24,000
Health and Safety Plan and Management Includes development of plan and medical 

surveillance of on-site personnel
LS 1 NA $10,000

Site Safety Officer 10 hrs/day, 5days/wk, $65/hr manweeks 24 $3,250.00 $78,000
Personal Protective Equipment Includes coveralls, hard hats, safety glasses, 

reusable boots, gloves
LS 1 NA $2,500

Subtotal $118,500
Site Preparation
Fencing Temporary fence for on-site storage; includes 

installation
LF 500 $3.71 $1,900

Subtotal $1,900
Diversion of Six Mile Creek
Excavate Diversion Trench Assume similar cross section of existing Six Mile 

Creek: 3 foot depth, 10 foot width for approx 375 
foot length; excavated soil to be used as fill for 
portion of creek to be cut-off; 1/2 CY tractor 
loader/backhoe

BCY 420 $4.85 $2,100

Backfill Existing Six Mile Creek 75 HP Front End Loader with 50 foot haul; 2-man 
Crew (B-10L)

Day 1 $1,000.00 $1,000

Compaction Vibrating Roller, 2 feet wide, 6-inch lifts, 2 passes BCY 420 $1.51 $700

Subtotal $3,800
Full-Scale Implementation
Geoprobe Installation

Mobilization/Demobilization (Geoprobes) LS 1 $3,500.00 $3,500
Additional Drilling Equipment Screen attachment for Geoprobe drill rod LS 1 $2,000.00 $2,000
Installation of Injection Points, Primary 
Injection #1

Assume Geoprobe injection points to max depth of 
22 ft BGS

Each 352 $150.00 $52,800

Installation of Injection Points, Primary 
Injection #2

Assume Geoprobe injection points to max depth of 
22 ft BGS

Each 352 $150.00 $52,800

Installation of Injection Points, Secondary 
Injection

Assume Geoprobe injection points to max depth of 
22 ft BGS, approx 65% of original injections point 
locations

Each 230 $150.00 $34,500

Chemical Oxidation Injection

In Situ Chemical Oxidation Treatment, 
Primary Injection #1

Includes ISOTEC prep fee, mob/demob of ISOTEC 
labor, equipment, and reagents to site for injection 
treatment, and monitoring of field parameters

Each 352 $764.00 $269,000

In Situ Chemical Oxidation Treatment, 
Primary Injection #2

Includes ISOTEC prep fee, mob/demob of ISOTEC 
labor, equipment, and reagents to site for injection 
treatment, and monitoring of field parameters

Each 352 $764.00 $269,000

In Situ Chemical Oxidation Treatment, 
Secondary Injection

Includes ISOTEC prep fee, mob/demob of ISOTEC 
labor, equipment, and reagents to site for injection 
treatment, and monitoring of field parameters

Each 230 $813.00 $187,000

Oversight Installation of injection points approx 15 per day, 
primary injection treatments approx 8 weeks each, 
secondary injection treatment approx 4 weeks; 
assume 2-persons @ $65/hr, 5days/week, 8hr/day

Day 320 $1,040.00 $332,800

Monitoring Equipment (Rental) 5 total multi-parameter instruments (pH, OR, 
conductivity, temperature, dissolved oxygen, 
turbidity) for wells and piezometers

Month 5 $6,415.00 $32,100

Generator Rental Diesel generator, 20 KW; includes operating costs Month 5 $1,665.00 $8,400

Water Truck Assume 2 trucks; 6,000 gallon capacity; includes 
operating costs

Month 5 $14,330.00 $71,700

Subtotal $1,315,600
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Table 5-3  Alternative 3 - In Situ Chemical Oxidation, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Full-Scale Monitoring
Well Installation

Mobilization/Demobilization (Piezometers) LS 1 $1,000.00 $1,000

Installation of Piezometers Assume 13 total 1-inch overburden wells (10 in 
plume and 3 downgradient of diverted Six Mile 
Creek), max depth of 22 feet; includes drilling and 
well construction

Each 13 $200.00 $2,600

Installation of Monitoring Wells Assume two 2-inch overburden monitoring wells in 
plume, max depth of 22 feet; includes drilling and 
well construction

Each 2 $700.00 $1,400

Treatment Monitoring

Groundwater Sampling (Labor) 2-person @ $65/hr, 10hr/day; 21 total wells - 
assume 2 wells per day, 4 sampling rounds

Day 42 $1,300.00 $54,600

Groundwater Sampling (Equipment) Groundwater level indicator, multi-parameter 
instrument, low-flow pump

Day 42 $200.00 $8,400

Parameter Analyses (VOC) Includes TCL VOCs (Method SW8260B); assume 1 
groundwater sample per well/piezometer for 21 
wells for 4 sampling rounds

Each 84 $200.00 $16,800

Parameter Analyses (Metals and DOC) Includes TAL Metals and DOC; assume 1 
groundwater sample per well/piezometer for 6 wells 
for 4 sampling rounds

Each 24 $340.00 $8,200

Data Evaluation and Reporting HR 120 $90.00 $10,800
Subtotal $103,800

Capital Cost Subtotal: $1,621,100
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $1,497,896

10% Legal, administrative, engineering fees, construction management: $149,790
15% Contingency: $247,153

Total Capital Cost: $1,895,000
Annual Costs (Years 1 through 10)
Monitoring
Groundwater Sampling (Labor) 2-person @ $65/hr, 10hr/day; 8 total wells - assume 

2 wells per day, twice per year
Day 8 $1,300.00 $10,400

Groundwater Sampling (Equipment) Groundwater level indicator, multi-parameter 
instrument, twice per year

Day 8 $150.00 $1,200

Parameter Analyses (VOC) Includes TCL VOCs (Method SW8260B); assume 1 
groundwater sample per well for 8 wells, twice per 
year

Each 16 $200.00 $3,200

Data Evaluation and Reporting HR 96 $90.00 $8,700
Monitoring Well Maintenance LS 1 NA $200
Institutional Controls Maintain/update documentation LS 1 NA $500
Subtotal $24,200

Annual Cost Subtotal: $24,200
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $22,361

10% Legal, administrative, engineering fees: $2,236
15% Contingency: $3,690

Annual Cost Total: $29,000
Present Worth of Annual Costs: $254,000

Total Present Worth Cost: $2,149,000

Assumptions
1.  Assume no site clearing necessary.
2.  Assume long-term  monitoring will be required for the first 10 years only.
3.  Unit costs obtained from RS Means ECHOS Cost Reference Books were marked up by 30% to account for Contractor O&P (except for analytical analyses).

Abbreviations:
BCY = bank cubic yards
HR = hour
LCY = loose cubic yards
LS = lump sum
LF = linear foot
SY = square yard

4.  10-year present worth of costs assumes 2.5% annual interest rate per "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study" 
(EPA 540-R-00-002 July 2000) and the Office of Management and Budget Real Discount Rates last updated January 2003 
(http://www.whitehouse.gov/OMB/circulars/a094/a094.html).
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anticipated the pilot study and associated tasks (including reports) 
would take less than three months to complete.  Because AOC 9 is 
a large, open area with minimal human presence, it may be possi-
ble to eliminate the vapor extraction component of this alternative 
and release the vapors to the ambient air.  However, this is subject 
to regulatory review and acceptance.  For costing purposes, the va-
por extraction component has been included.  
 
Upon successful results from the pilot study, a full-scale, on-site 
AS/SVE treatment system will be installed.  The system would 
consist of a series of strategically placed injection wells throughout 
the plume, air compressors or blowers to supply injection air and 
collect vapors, and monitoring sensors and equipment, as shown in 
Figure 5-3.  Similar to Alternative 3, full-scale remediation of this 
technology was assumed for the area contained within the 100 �g/L 
VOC concentrations contour line (estimated by chlorobenzene con-
tour intervals [see Figure 5-3]).  Remediating this area is expected 
to remove 99% of the contaminant mass and approximately 28% 
(or 2.3 acres) of the plume area (see Table 5-2).  Contaminant con-
centrations remaining on-site above ARARs after the remediation 
duration would likely attenuate naturally over time. 
 
Assuming an average radius of influence of 20 feet, approximately 
320 one-inch injection wells would be installed in a triangular pat-
tern, using direct push.  A 2-foot screen per well will be installed to 
begin at approximately 5 feet below the target treatment area (ap-
proximately located in the middle of the groundwater column, the 
depth of which varies across the site).  It is expected air will be in-
jected at a flow-rate ranging from 5 to 10 cfm (cubic feet per min-
ute) per injection well (to be further defined by the pilot study).  
Assuming a 30-foot radius of influence for the vapor extraction 
wells, approximately 145 two-inch wells would be installed.  These 
wells will be screened above the seasonably high water table (less 
than 4 feet below ground surface near Six Mile Creek and less than 
9.5 feet below ground surface, based on groundwater data obtained 
in May 2000 and July 2002 from the 2004 RI) to avoid flooding of 
the wells.  Soil vapors would be extracted and treated through acti-
vated carbon at approximately two to three times the air injection 
flow-rate per injection well.  A process diagram for the described 
AS/SVE system is shown in Figure 5-4.  Piping that connects the 
compressors and blowers to the injection and SVE wells is as-
sumed to be underground.  The compressors, blowers, carbon, and 
controls for the AS/SVE system will be housed in a pre-fabricated 
housing structure to protect them from the climate and reduce noise 
during operation.  The system will operate 24 hours per day, year-
round for an assumed treatment period of five years.  Electric  
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service would be provided to the system from the existing over-
head power source north of Perimeter Road.  E & E assumed that 
sufficient capacity is available from the existing service lines to 
feed the treatment building.  Temperature control would be pro-
vided inside the enclosure to prevent system components from 
freezing.  Any external piping would be heat-traced and insulated 
to prevent freezing. 
 
This preliminary design must be re-evaluated upon successful re-
sults of the pilot study to ensure accuracy of the design and to re-
fine remedial costs.  It is presented as a typical design for the type 
of groundwater contamination found at AOC 9 and serves as a ba-
sis for conceptual cost estimating.  
 

 
Figure 5-4 Conceptual Design of Air Sparging/Soil 

Vapor Extraction System (Source:  
Leeson, et al., August 2002) 

 
Monitoring of plume treatment during full-scale implementation 
would be performed from four existing monitoring wells (G009-
MW03, AOC9-MW07, AOC9-MW08 and AOC9-MW12), two 
existing 1-inch piezometers (AOC9-GP44 and AOC9-GP48), two 
new 2-inch monitoring wells, and from 13 new 1-inch piezometers 
(ten within the plume and three downgradient of Six Mile Creek), 
as shown in Figure 5-3.  Sampling would be conducted quarterly 
over the assumed five years of operation of the system and reduced 
to annual sampling events thereafter.  Groundwater samples would 
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be analyzed for VOCs from the 21 monitoring locations and soil 
vapor (VOCs) from the effluent of the SVE system. 
 
For purposes of this FS, institutional controls and a long-term 
monitoring program would be implemented similar to that de-
scribed in Alternative 2.  Because this alternative involves active 
treatment, the majority of contaminant mass will be removed, and 
residual contamination will remain, maintenance of institutional 
controls and the long-term monitoring program was assumed for 
10 years.  However, if concentrations of contaminants of concern 
remain above cleanup goals after the assumed 10-year period, addi-
tional monitoring should be considered. 
 
5.4.2 Evaluation of Criteria 
 
Overall Protection of Human Health and the 
Environment 
This alternative is protective of human health and the environment 
because air sparging would remove contaminants of concern in 
groundwater.  This alternative would also minimize potential ex-
posure because the placement of institutional controls (deed restric-
tions) would restrict and prevent future uses of and exposures to 
contaminated site groundwater and therefore would be protective 
of human health and the environment.   
 
Compliance with Applicable Standards, Criteria, and 
Guidelines 
Through removal of site contaminants via air sparging, concentra-
tions in the saturated zone would be reduced.  However, chemical-
specific ARARs would not be met immediately.  By focusing on 
treatment of the most contaminated portion of the plume defined 
by the 100 �g/L chlorobenzene contaminant contour interval, this 
alternative is expected to remove approximately 99% of the con-
taminant mass.  Some areas with contaminant concentrations be-
tween 5 and 100 �g/L would remain; however, these would repre-
sent less than 1% of the original contaminant mass and are ex-
pected to naturally attenuate to within ARARs over time. 
 
Long-term Effectiveness and Performance 
Because 99% of the contaminants would be permanently removed, 
this alternative is effective in the long-term.  Furthermore, institu-
tional controls are effective mechanisms for preventing potential 
exposure to residual (approximately 1%) contaminated groundwa-
ter.  Data collection and evaluation will be used to illustrate the 
performance of this alternative. 
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Reduction in Toxicity, Mobility, or Volume through 
Treatment 
Through implementation of this alternative, contaminants of con-
cern would be removed from the groundwater and captured on ac-
tivated carbon, which would then be sent for treatment and dis-
posal at a permitted facility, thereby reducing toxicity, mobility, 
and volume through treatment. 
 
Short-term Effectiveness 
Implementation of this alternative would require the installation of 
approximately 320 injection and 145 soil vapor extraction wells in 
the plume.  In addition, fifteen new 1-inch piezometers would be 
installed for the long-term monitoring program.  Because AOC 9 is 
an open, vacant area, short-term impacts from installing these wells 
would be minor.   
 
The duration of the well construction above would be completed 
within approximately 1 to 2 months.  Operation and maintenance 
of the AS/SVE system was assumed to be five years.  The long-
term monitoring program would occur over an assumed 10-year 
period. 
 
Implementability 
This alternative is readily implemented using standard construction 
means and methods because air sparging is an established technol-
ogy.  However, further refining of this analysis using results from a 
pilot study would be required before selection of this alternative.  
No delay is anticipated in obtaining appropriate air quality permits 
from state and/or local agencies, if necessary. 
 
Costs 
The total present-worth cost of this alternative based on a 15-year 
period (first 5 years of treatment followed by 10 years of monitor-
ing) at a discount rate of 2.675% is $2,099,000.  Table 5-4 presents 
the quantities, unit costs, and subtotal for the various work items in 
this alternative.  Considerable O&M activities associated with the 
AS/SVE and carbon treatment system are anticipated with this al-
ternative, resulting in significant annual costs.  O&M and treatment 
monitoring costs were assumed for five years, while institutional 
controls and annual groundwater monitoring costs were assumed 
for ten years.   
 
For comparison purposes, costs were developed assuming that 
regulatory review deemed that SVE would be unnecessary.  The 
design and process of the AS system would be the same; however, 
the SVE and associated components were eliminated.  The total 



Table 5-4 Alternative 4 - Air Soil/Soil Vapor Extraction, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Capital Costs
Work Plan / Final Report Includes submittals, reporting, meetings LS 1 NA $75,000
Pilot Study Includes labor, equipment, and materials for the 

conceptual design, installation of sparge, soil vapor 
extraction, and monitoring wells, sampling, 
analytical, observation, documentation, and reports

LS 1 NA $35,000

Permit Equivalency State/federal review process for treatment system; 
may require application and maintenance of an air 
quality permit equivalency

LS 1 NA $5,000

Institutional Controls Includes deed restrictions Each 1 $2,500.00 $2,500
Subtotal $117,500
Health and Safety
Construct Decontamination Pad & Containment For equipment & personnel Setups 2 $2,000.00 $4,000
Air Monitoring Organic Vapor Analyzer (4 units) months 3 $4,000.00 $12,000
Health and Safety Plan and Management Includes development of plan and medical 

surveillance of on-site personnel
LS 1 NA $10,000

Site Safety Officer 10 hrs/day, 5days/wk, $65/hr manweeks 12 $3,250.00 $39,000
Personal Protective Equipment Includes coveralls, hard hats, safety glasses, 

reusable boots, gloves
LS 1 NA $2,500

Subtotal $67,500
Full-Scale Implementation
Well Installation

Mobilization/Demobilization (Geoprobes) LS 1 $3,500.00 $3,500
Installation of Air Sparing Injection Wells Assume 1-inch injection wells to max depth of 22 ft 

BGS;  includes drilling, well construction
Each 320 $200.00 $64,000

Installation of Soil Vapor Extraction Wells Assume 2-inch wells to max depth of 22 ft BGS;  
includes drilling, well construction

Each 145 $700.00 $101,500

Air Sparging/Soil Vapor Extraction System

Air Sparging Blower 4,000 CFM, 8" pressure, 15 HP blower system Each 2 $4,800.00 $9,600
Soil Vapor Extraction Blower 5,000 CFM, 8" pressure, 20 HP blower system Each 3 $6,800.00 $20,400

Piping / Connections / Controls Includes materials for piping, connections, and 
controls from injection wells to AS/SVE system

LS 1 $196,000.00 $196,000

Trenching for Underground Piping 1/2 CY track loader/backhoe; 18,000’ L x 1’ W’ X 3’ 
D

BCY 2,000 $4.85 $9,700

Backfill Trench 1/2 CY track loader/backhoe BCY 2,000 $4.85 $9,700
Carbon Treatment System 5,000 CFM, 4,700 lb carbon adsorption system Each 2 $17,600.00 $35,200

Prefilter and Internal Piping Each 1 $1,500.00 $1,500
Postfilter and Internal Piping Each 1 $1,500.00 $1,500
Interconnection Piping Kit Each 1 $1,000.00 $1,000
Pre-Fabricated Enclosure Includes installation, insulation, piping LS 1 $30,000.00 $30,000
Installation of System Includes labor to install blowers, piping, 

connections, controls, carbon system and piping; 4-
man Crew (B-20A)

Day 5 $1,500.00 $7,500

Oversight Installation of injection (approx 15 per day), soil 
vapor extraction wells (approx 5 per day), system 
(assume 15 days), and piping (assume 20 days); 
assume 2-persons @ $65/hr, 5days/week, 8hr/day

Day 85 $1,040.00 $88,400

Subtotal $579,500
Electrical Distribution
Underground Electrical Distribution Excavate trench for underground service line, 500’ 

L x 1’ W’ X 3’ D; 1/2 CY Tractor Loader/Backhoe
Day 2 $1,000.00 $2,000

Conduit and Tubing 2" dia rigid galvanized steel LF 500 $8.60 $4,300
Electrical Wiring LF 500 $5.00 $2,500
Panel Board Ea 1 $2,500.00 $2,500
Transformer Ea 1 $7,500.00 $7,500
Electrical Connection Fee Power source is north of Perimeter Road (overhead 

lines)
LS 1 NA $1,500

Install Electrical Connections/Testing Assume 3- man crew; 8-hr day (1 Electrician @ 
$55/ hr and 2 helpers @ $25/hr)

Day 5 $840.00 $4,200

Subtotal $24,500
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Table 5-4 Alternative 4 - Air Soil/Soil Vapor Extraction, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Full-Scale Monitoring Well Installation
Mobilization/Demobilization LS 1 $1,000.00 $1,000
Installation of Piezometers Assume 13 total 1-inch overburden wells (10 in 

plume and 3 downgradient of Six Mile Creek), max 
depth of 22 feet; includes drilling and well 
construction

Each 13 $200.00 $2,600

Installation of Monitoring Wells Assume two 2-inch overburden monitoring wells in 
plume, max depth of 22 feet; includes drilling and 
well construction

Each 2 $700.00 $1,400

Subtotal $5,000
Capital Cost Subtotal: $794,000

Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $733,656
Legal, administrative, engineering fees, construction management: $150,000

15% Contingency: $132,548
Total Capital Cost: $1,017,000

Annual Costs (Years 1 through 5)
Operation & Maintenance
Air Sparing/Soil Vapor Extraction System 
Operation & Maintenance

1-person @ $65/hr, 10hr/day, 1 day/week; add 10 
days/year for extended and emergency 
maintenance

Day 62 $650.00 $40,300

Electricity LS 1 $5,000.00 $5,000
Carbon - Replacement Assume replacement of carbon once per 12 

months; includes reactivation of spent carbon, 
assume labor included in operation and 
maintenance

LB 4,700 $1.15 $5,500

Carbon - Transportation and Fees Includes round trip transportation from Darlington, 
PA to Rome, NY; documentation fee

LS 1 $1,400.00 $1,400

Carbon - Characterization Analysis Includes TCLP, Metals, RCRA ignitability, 
corrosivity, reactivity; sampling labor to be included 
in operation and maintenance

LS 1 $1,000.00 $1,000

Treatment Monitoring
Groundwater & Soil Vapor Sampling (Labor) 2-persons @ $65/hr, 10hr/day; 21 total wells - 

assume 2 wells per day, add 2 days per event for 
soil vapor sample and groundwater elevation data 
collection, 4 times per year

Day 50 $1,300.00 $65,000

Groundwater & Soil Vapor Sampling (Equipment) Groundwater level indicator, multi-parameter 
instrument, low-flow pump, soil vapor sampling 
supplies 

Day 50 $250.00 $12,500

Groundwater Parameter Analyses (VOC) Includes TCL VOCs (Method SW8260B); assume 1 
groundwater sample per well/piezometers for 21 
wells for 4 times per year

Each 84 $200.00 $16,800

Soil Vapor Parameter Analysis (VOCs) Includes VOCs; assume 1 soil vapor sample per 
event for 4 times per year

Each 4 $150.00 $600

Data Evaluation and Reporting HR 96 $90.00 $8,700
Monitoring Well Maintenance LS 1 NA $200
Institutional Controls Maintain/update documentation LS 1 NA $500
Subtotal $157,500

Annual Cost Subtotal: $157,500
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $145,530

10% Legal, administrative, engineering fees: $14,553
15% Contingency: $24,012

Annual Cost Total: $185,000
Present Worth of Annual Costs: $856,000
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Table 5-4 Alternative 4 - Air Soil/Soil Vapor Extraction, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Annual Costs (Years 6 through 15)
Monitoring
Groundwater Sampling (Labor) 2-persons @ $65/hr, 10hr/day; 8 total wells - 

assume 2 wells per day, twice per year
Day 8 $1,300.00 $10,400

Groundwater Sampling (Equipment) Groundwater level indicator, multi-parameter 
instrument, twice per year

Day 8 $150.00 $1,200

Parameter Analyses (VOC) Includes TCL VOCs (Method SW8260B); assume 1 
groundwater sample per well for 8 wells, twice per 
year

Each 16 $200.00 $3,200

Data Evaluation and Reporting HR 72 $90.00 $6,500
Monitoring Well Maintenance LS 1 NA $200
Institutional Controls Maintain/update documentation LS 1 NA $500
Subtotal $22,000

Annual Cost Subtotal: $22,000
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $20,328

10% Legal, administrative, engineering fees: $2,033
15% Contingency: $3,354

Annual Cost Total: $26,000
Present Worth of Annual Costs: $226,000

Total Present Worth Cost: $2,099,000

Assumptions
1.  Assume no site clearing necessary.
2.  Assume Air Soil/Soil Vapor Extraction System to operate for 5 years.
3.  Assume long-term  monitoring will be required for the 10 years only.
4.  Unit costs obtained from RS Means ECHOS Cost Reference Books were marked up by 30% to account for Contractor O&P (except for analytical analyses).
5.  Engineering estimate of legal, administrative, engineering fees, construction management assumed at $150,000.

Abbreviations:
BCY = bank cubic yards
HR = hour
LB = pound
LCY = loose cubic yards
LS = lump sum
LF = linear foot
SY = square yard

6.  15-year present worth of costs assumes 2.675% annual interest rate per "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study" 
(EPA 540-R-00-002 July 2000) and the Office of Management and Budget Real Discount Rates last updated January 2003 
(http://www.whitehouse.gov/OMB/circulars/a094/a094.html).
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present-worth cost of this modified alternative based on a 15-year 
period at a discount rate of 2.675% is $1,664,000.  (Appendix C 
includes cost estimates that support this total.)  O&M and treat-
ment monitoring costs were assumed for five years, while institu-
tional controls and annual groundwater monitoring costs were as-
sumed for ten years.   
 
5.5 Alternative 5:  Extraction, Treatment, and 

Disposal 
5.5.1 Description 
This alternative involves collecting and extracting contaminated 
groundwater using an intercepting trench, followed by treatment 
with a carbon-adsorption system.  Treated groundwater would then 
be discharged to Six Mile Creek.  In addition, this alternative also 
includes placement of institutional controls and groundwater moni-
toring similar to Alternative 2, to prevent use of and exposure to 
on-site contaminated groundwater.   
 
Based on the topography of the site and the groundwater flow di-
rection, the intercepting trench would be located northeast of Six 
Mile Creek, as shown in Figure 5-5.  The trench would extend 
250 feet along the width of the plume and perpendicular to 
groundwater flow and will have a maximum depth of 15 feet.  A 6-
inch perforated PVC pipe would be installed near the trench bot-
tom to increase the available pore space and water flow.  A geo-
membrane would be used on the downgradient side of the trench to 
minimize the impact on Six Mile Creek water levels.  The collec-
tion trench would be backfilled with 14 feet of a highly permeable 
granular material such as gravel.  The upper foot of the trench 
would be backfilled with topsoil for establishing vegetation.  Geo-
textile filter fabric would be placed around the perforated PVC 
pipe to minimize fine particles clogging the trench drain system.  
The trench would have a collection point, where a submersible-
type pump would be used to pump the contaminated water through 
the carbon treatment system housed on a prefabricated structure 
above grade.  Using a trench length of 250 feet and width of 5 feet, 
and given a hydraulic conductivity and gradient of 0.002 ft/min 
(10-3 cm/s) and 0.042 ft/ft respectively (E & E May 2004), the re-
quired pumping rate from the trench was estimated at approxi-
mately 10 gpm.  Further refining of this analysis using numerical 
modeling tools and/or aquifer and pilot tests would be required to 
optimize field parameters and pumping rates if this alternative is 
selected.  
 
The extracted groundwater would be pumped through a carbon ad-
sorption system comprising two 1,000-lb carbon vessels in series.  



 
 

5.  Detailed Analysis of Alternatives 
 

 
02:001002_UK10_03_06-B1332 5-28 
GAFB AOC9 FS.doc-10/27/04 

The second in-series carbon drum would provide redundancy in the 
system if breakthrough occurs in the first unit.  Pre- and post-filters 
would be installed to minimize fouling of the carbon vessels by 
fine sediments.  The treatment system would be housed in a prefab-
ricated protective and insulated enclosure.  Electric service would 
be provided to the treatment system and the interceptor trench 
pump from the existing overhead power source north of Perimeter 
Road.  E & E assumed that sufficient capacity is available from the 
existing service lines to feed the treatment building.  Temperature 
control would be provided inside the enclosure to prevent system 
components from freezing.  Any external piping would be heat-
traced and insulated to prevent freezing. 
 
The maximum VOC concentration expected in the extracted 
groundwater was assumed to be half the maximum VOC concen-
tration detected in the plume for the three of the highest VOC con-
centrations detected (chlorobenzene, TCE, and DCE).  Given these 
concentrations and a pumping rate of 10 gpm, the carbon usage per 
day was estimated at 6 pounds of carbon.  This amounts to a car-
bon lifetime of approximately 165 days.  Spent carbon would be 
removed, properly disposed, and replaced with new carbon.  Long-
term maintenance of the system would require replacing the filters 
weekly and sampling the influent and effluent for VOC concentra-
tions monthly. 
 
Treated groundwater would be discharged to Six Mile Creek, at an 
outfall location, via a new underground 3-inch PVC pipe.  Institu-
tional controls and monitoring the plume would consist of a pro-
gram similar to that described in Alternative 2.  Eight monitoring 
wells would be sampled quarterly for the first three years (for 
VOCs and metals), and annually thereafter (VOCs only).  In addi-
tion, monthly sampling of the outfall influent and effluent would 
be performed. 
 
5.5.2 Evaluation of Criteria 
 
Overall Protection of Human Health and the 
Environment 
This alternative would remove contaminants from the subsurface 
through direct extraction, eliminating future potential exposure 
threats.  Additionally, placement of institutional controls with this 
alternative would restrict use of contaminated groundwater during 
cleanup and is therefore protective of human health and the envi-
ronment. 
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Compliance with Applicable Standards, Criteria, and 
Guidelines 
Through removal of contaminants via extraction, contaminant con-
centrations in the aquifer would be reduced over time to levels be-
low groundwater standards, thus meeting chemical-specific 
ARARs.  It is anticipated that there will be no issues associated 
with obtaining necessary approvals/permit equivalency from the 
state and local agencies to discharge treated water into Six Mile 
Creek, therefore complying with action-specific ARARs. 
 
Long-term Effectiveness and Performance 
Because this alternative includes active treatment of contaminated 
groundwater and placement of institutional controls that would re-
strict use of the groundwater, it is protective of human health.  Ex-
traction and treatment of the contaminated groundwater will also 
minimize off-site migration and potential off-site exposure risks. 
 
Reduction in Toxicity, Mobility, or Volume through 
Treatment 
This alternative removes contaminants from the aquifer by adsorp-
tion to activated carbon, therefore practically reducing the volume 
of contamination at the site.  Consequently, the toxicity and mobil-
ity of contamination will be reduced. 
 
Short-term Effectiveness 
Minimal short-term impacts are anticipated during implementation 
of this alternative.  The construction of an intercepting trench and 
installation of a carbon treatment system would not have substan-
tial impact on the surrounding environment, provided that worker 
health and safety protection is followed.  In addition, no new moni-
toring wells will be installed to implement the long-term monitor-
ing program.  
 
The duration of construction activities described above would be 
within approximately 2 to 3 months.  Operation and maintenance 
of the extraction, treatment, and disposal system was assumed to be 
30 years.  
 
Implementability 
Based on a preliminary groundwater analysis, this alternative is 
readily implemented using standard construction means and meth-
ods.  However, further refining of this analysis using numerical 
modeling tools and/or aquifer tests would be required before se-
lecting this alternative. 
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Costs 
The total present-worth cost of this alternative based on a 30-year 
period at a discount rate of 3.2% is $2,503,000.  Table 5-5 presents 
the quantities, unit costs, and subtotal costs for the various work 
items in this alternative.  Considerable O&M activities associated 
with the extraction and carbon treatment system are anticipated 
with this alternative, resulting in significant annual costs.  Annual 
groundwater monitoring costs and renewal of institutional controls 
were also assumed for 30 years. 
 
5.6 Alternative 6:  Constructed Treatment 

Wetland  
5.6.1 Description 
As previously stated in Section 3.2.7, there is evidence that con-
structed treatment wetlands are successful in treating many VOCs.  
AOC 9 groundwater primarily contains chlorinated benzenes as 
well as chlorinated ethenes.  The effectiveness of treatment wet-
lands for chlorinated ethenes has previously been demonstrated.  
However, removal mechanisms for chlorinated benzenes are less 
understood.  Therefore before constructing a full-scale treatment 
wetland it is necessary to conduct a pilot study to investigate the 
feasibility of using CTW technology for groundwater remediation 
at AOC 9.  Furthermore, if this alternative is selected for further 
analysis, applicable state, federal, local, and Air Force aviation 
regulations would need to be considered for applicability of a CTW 
at AOC 9 due to its proximity to a runway (i.e., bird air strike haz-
ard [BASH] concerns).  However, it is likely that air hazards could 
be addressed by constructing a CTW that does not encourage wa-
terfowl habitation. 
 
A small-scale pilot study performed in a laboratory will assist in 
confirming evidence of biodegradation processes, examining trans-
formation patterns using anaerobic and aerobic microcosms, and 
estimating degradation rates.  Assuming that it would take about 
one month to establish a microbial population, data would likely be 
collected for at least six months.  Information provided by the pilot 
study would be used to establish the feasibility of a full-scale 
CTW.  Upon successful study results, a full-scale CTW would be 
constructed at AOC 9.  In addition, it is recommended that an eco-
logical risk screening be performed to verify that the CTW will not 
result in any adverse impact to wildlife.  The following describes 
components and operations of the CTW. 
 



Table 5-5  Alternative 5 - Extraction, Treatment, and Disposal, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Capital Costs
Work Plan / Final Report Includes submittals, reporting, meetings LS 1 NA $75,000
Pre-Design Investigation Numerical modeling or aquifer test LS 1 NA $50,000
Permits Assume state/federal water quality permit required; 

includes permit application and maintenance
LS 1 NA $5,000

Institutional Controls Includes deed restrictions Each 1 $2,500.00 $2,500
Subtotal $132,500
Health and Safety
Construct Decontamination Pad & Containment For equipment & personnel Setups 2 $2,000.00 $4,000
Air Monitoring Organic Vapor Analyzer (4 units) months 2 $4,000.00 $8,000
Health and Safety Plan and Management Includes development of plan and medical 

surveillance of on-site personnel
LS 1 NA $20,000

Site Safety Officer 10 hrs/day, 5days/wk, $65/hr manweeks 8 $3,250.00 $26,000
Personal Protective Equipment Includes coveralls, hard hats, safety glasses, 

reusable boots, gloves
LS 1 NA $5,000

Subtotal $63,000
Site Preparation
Fencing Temporary fence for on-site storage; includes 

installation
LF 500 $3.71 $1,900

Subtotal $1,900
Diversion of Six Mile Creek
Excavate Diversion Trench Assume similar cross section of existing Six Mile 

Creek: 3 foot depth, 10 foot width for approx 375 
foot length; excavated soil to be used as fill for 
portion of creek to be cut-off; 1/2 CY tractor 
loader/backhoe

BCY 420 $4.85 $2,100

Backfill Existing Six Mile Creek 75 HP Front End Loader with 50 foot haul BCY 420 $0.94 $400
Compaction Vibrating Roller, 2 feet wide, 6-inch lifts, 2 passes BCY 420 $1.51 $700

Subtotal $3,200
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Table 5-5  Alternative 5 - Extraction, Treatment, and Disposal, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Collection Trench Construction
Trench Box 7’ deep, 6’ x 20’, assume rental of  2 trench boxes - 

monthly rate 
months 2 $1,550.00 $3,100

Excavate Trench 250’ L x 5’ W x 15’ D; 1/2 CY track loader/backhoe; 
(Crew B-11M)

Day 10 $1,000.00 $10,000

6" dia. Perforated Pipe - incl. Installation 250’ L LF 250 $11.22 $2,900
Haul Excavated Material to Stockpile 1.5 CY front end loader; assume 23% swell factor LCY 900 $1.88 $1,700

Characterization Sampling Includes TCLP, Metals, RCRA ignitability, 
corrosivity, reactivity

LS 4 $1,000.00 $4,000

Load Soil onto Dump Trucks 75 HP front end loader; swell factor of 23% LCY 900 $1.88 $1,700
Haul Soil to Landfill Includes round trip haul; 1.30 tons/BCY Ton 950 $25.00 $23,800
Landfill Disposal Fee Assume non-hazardous Ton 950 $35.00 $33,300
Filter Fabric Includes polypropylene fabric material and 

installation around perforated pipe + 10% for 
overlap

SY 50 $1.64 $100

Geomembrane 60 mil thick includes installation, 250’L x 15’D SF 3,750 $1.35 $5,100
Gravel (Material) 1"-rounded, includes delivery; assume 14’ gravel fill; 

1.43 ton/LCY
Ton 1,000 $10.50 $10,500

Topsoil (Material) Assume 1’ topsoil fill, includes delivery; 1.43 
tons/LCY

Ton 100 $12.90 $1,300

Placement of Gravel / Topsoil 1.5 CY front end loader LCY 770 $1.88 $1,500
Compaction of Gravel / Backfill Vibrating Roller, 2 feet wide, 6-inch lifts, 2 passes BCY 730 $1.51 $1,200

Seeding Bluegrass 4#, spread with push spreader MSF 2 $54.50 $100
Installation of Riser Pipe 10" PVC Pipe , includes installation LS 1 NA $3,500
Installation of Hot Box Includes piping, valves, flow meter, heat tracing LS 1 NA $7,500

Pump and Controls 4" submersible pump; 1/2 HP; 8-14 gpm w/ 
controls; up to 140’ head

Each 1 $2,200.00 $2,200

Dewatering Two-4" diaphragm pumps used for 8 hrs/day; 
includes labor

Day 20 $258.00 $5,200

Water Tank 10,000 gal, aboveground months 2 $2,050.00 $4,100
Carbon Drum (for Dewatering) 55-gal drum (200 lb carbon); assume no carbon 

replacement
Each 2 $500.00 $1,000

Prefilter and Internal Piping Bag Filter Type +10% for Delivery Each 1 $1,100.00 $1,100

Postfilter and Internal Piping Bag Filter Type +10% for Delivery Each 1 $1,100.00 $1,100
Interconnection Piping Kit Each 1 $650.00 $700
Carbon - Disposal Includes transportation LB 400 $1.00 $400
Carbon - Characterization Analysis Includes TCLP, Metals, RCRA ignitability, 

corrosivity, reactivity; sampling labor to be included 
in operation and maintenance

LS 1 $1,000.00 $1,000

Pre-Fabricated Enclosure Includes installation, insulation, piping LS 1 $15,000.00 $15,000
Oversight During construction of collection trench, Six Mile 

Creek diversion, and other activities (approx 60 
days); assume 2-persons @ $65/hr, 5days/week, 
8hr/day

Day 60 $1,040.00 $62,400

Subtotal $205,500
Carbon Treatment System
Carbon Adsorption System CARBTROL, HP-1000 Water Purification Adsorber 

Unit, 1,000 lbs of Carbon, +10% for Delivery
Each 2 $4,730.00 $9,500

Prefilter and Internal Piping Bag Filter Type +10% for Delivery Each 2 $1,100.00 $2,200

Postfilter and Internal Piping Bag Filter Type +10% for Delivery Each 2 $1,100.00 $2,200
Interconnection Piping Kit Each 2 $650.00 $1,300
Pre-Fabricated Enclosure Includes Installation, insulation, piping LS 1 $40,000.00 $40,000
Installation of Carbon System and Piping 4-man Crew (B-20A) Day 8 $1,500.00 $12,000
Subtotal $67,200
Discharge Pipe
Discharge Pipe Trenching (from treatment system 
to Six Mile Creek)

1/2 CY Tractor Loader/Backhoe, 100’ L x 1’ W x 3’ 
D (Crew B-11 M)

Day 3 $1,000.00 $3,000

4" dia HDPE Pipe - Installed LF 100 $10.45 $1,100
Gravel (Material Only) Assume 1.43 Ton/BCY Ton 20 $10.50 $300
Placement of Gravel FEL, 1.5 CY Bucket.  (Crew B-10S) Day 1 $900.00 $900
Subtotal $5,300
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Table 5-5  Alternative 5 - Extraction, Treatment, and Disposal, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Electrical Distribution
Underground Electrical Distribution Excavate trench for underground service line, 500’ 

L x 1’ W’ X 3’ D; 1/2 CY Tractor Loader/Backhoe
Day 2 $1,000.00 $2,000

Conduit and Tubing 2" dia rigid galvanized steel LF 500 $8.60 $4,300
Electrical Wiring LF 500 $5.00 $2,500
Panel Board Ea 1 $2,500.00 $2,500
Transformer Ea 1 $7,500.00 $7,500
Electrical Connection Fee Power source is north of Perimeter Road (overhead 

lines)
LS 1 NA $1,500

Install Electrical Connections/Testing Assume 3- man crew; 8-hr day (1 Electrician @ 
$55/ hr and 2 helpers @ $25/hr)

Day 5 $840.00 $4,200

Subtotal $24,500
Capital Cost Subtotal: $503,100

Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $464,864
Legal, administrative, engineering fees, construction management: $125,000

15% Contingency: $88,480
Total Capital Cost: $679,000

Annual Costs (Years 1 through 3)
Carbon Treatment System Maintenance
Weekly replacement of filters Assume 1 person @ $65/hr, 4 hrs/wk wk 52 $260.00 $13,600
Carbon - Replacement (Material) Assume twice a year LB 2,000 $1.15 $2,300
Carbon - Replacement (Labor) Assume 2 people, 10-hr days @ $65/hr + vacuum 

truck; 2 times per year
Day 2 $3,500.00 $7,000

Carbon - Transportation and Fees Includes round trip transportation from Darlington, 
PA to Rome, NY; documentation fee; 2 times per 
year

LS 2 $1,400.00 $2,800

Carbon - Characterization Analysis Includes TCLP, Metals, RCRA ignitability, 
corrosivity, reactivity; sampling labor to be included 
in operation and maintenance; two times per year

LS 2 $1,000.00 $2,000

Electricity LS 1 $5,000.00 $5,000
Monthly system sampling Analyze effluent for VOCs; labor included in weekly 

system maintenance
Each 12 $200.00 $2,400

Monitoring
Groundwater Sampling (Labor) 2-person @ $65/hr, 8hr/day 8 monitoring wells 4 

times per year - assume 8 days per year; 8hr/day 2 
samples per outfall (influent/effluent) once per 
month - assume 12 days per year

Day 20 $1,040.00 $20,800

Groundwater Sampling (Equipment) Groundwater level indicator, multi-parameter 
instrument, low-flow pump

Day 20 $200.00 $4,000

Parameter Analyses (VOC) Includes TCL VOCs (Method SW8260B); assume 1 
groundwater sample from 8 monitoring wells 4 
times per year and 2 groundwater samples from the 
outfall 12 times per year

Each 56 $200.00 $11,200

Parameter Analyses (Metals) Includes TAL Metals; assume 1 groundwater 
sample from 8 monitoring wells 4 times per year 
and 2 groundwater samples from the outfall 12 
times per year

Each 32 $320.00 $10,300

Data Evaluation and Reporting HR 96 $90.00 $8,700
Monitoring Well Maintenance LS 1 NA $200
Institutional Controls Maintain/update documentation LS 1 NA $500
Permits Water permit; maintain/update documentation LS 1 NA $500
Subtotal $91,300

Annual Cost Subtotal: $91,300
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $84,361

10% Legal, administrative, engineering fees: $8,436
15% Contingencies: $13,920
Annual Cost Total: $107,000

Present Worth of Annual Costs: $302,000
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Table 5-5  Alternative 5 - Extraction, Treatment, and Disposal, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Annual Costs (Years 4 through 30)
Carbon Treatment System Maintenance
Weekly replacement of filters Assume 1 person @ $65/hr, 4 hrs/wk wk 52 $260.00 $13,600
Carbon - Replacement (Material) Assume twice a year LB 2,000 $1.15 $2,300
Carbon - Replacement (Labor) Assume 2 people, 10-hr days @ $65/hr + vacuum 

truck; 2 times per year
Day 2 $3,500.00 $7,000

Carbon - Transportation and Fees Includes round trip transportation from Darlington, 
PA to Rome, NY; documentation fee; 2 times per 
year

LS 2 $1,400.00 $2,800

Carbon - Characterization Analysis Includes TCLP, Metals, RCRA ignitability, 
corrosivity, reactivity; sampling labor to be included 
in operation and maintenance; two times per year

LS 2 $1,000.00 $2,000

Electricity LS 1 $5,000.00 $5,000
Monthly system sampling Analyze effluent for VOCs; labor included in weekly 

system maintenance
Each 12 $200.00 $2,400

Monitoring
Groundwater Sampling (Labor) 2-person @ $65/hr, 8hr/day 8 monitoring wells once 

per year - assume 2 days per year; 8hr/day 2 
samples per outfall (influent/effluent) once per 
month - assume 12 days per year

Day 14 $1,300.00 $18,200

Groundwater Sampling (Equipment) Groundwater level indicator, multi-parameter 
instrument, low-flow pump

Day 14 $200.00 $2,800

Parameter Analyses (VOC) Includes TCL VOCs (Method SW8260B); 1 
groundwater sample from 8 monitoring wells per 
year and 2 groundwater samples from the outfall 12 
times per year 

Each 32 $200.00 $6,400

Data Evaluation and Reporting HR 96 $90.00 $8,700
Monitoring Well Maintenance LS 1 NA $200
Institutional Controls Maintain/update documentation LS 1 NA $500
Permits Water permit; maintain/update documentation LS 1 NA $500
Subtotal $72,400

Annual Cost Subtotal: $72,400
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $66,898

10% Legal, administrative, engineering fees: $6,690
15% Contingencies: $11,038
Annual Cost Total: $85,000

Present Worth of Annual Costs: $1,522,000

Total Present Worth Cost: $2,503,000

Assumptions
1.  Assume no site clearing necessary.

4.  For topsoil, assume 1.43 Tons/LCY per quote from Alliance Paving Materials Inc. Rome, NY.
5.  For dry, loose, gravel, assume 1.43 Tons/LCY per quote from Alliance Paving Materials Inc. Rome, NY.
6. Unit costs obtained from RS Means ECHOS Cost Reference Books were marked up by 30% to account for Contractor O&P
7.  Assume long-term  monitoring will be required for the first 10 years only.
8.  Engineering estimate of legal, administrative, engineering fees, construction management assumed at $125,000.

Abbreviations:
BCY = bank cubic yards
HR = hour
LB = pound
LCY = loose cubic yards
LS = lump sum
LF = linear foot
SY = square yard

2.  For moist to wet soil, assume swell factor of 23% (Means Estimating Handbook. United States of America : Means Southern Construction Information Network, 
1990, page 46).
3.  For site soils, assume 96 lb/CF (or 1.30 Tons/BCY) (Means Estimating Handbook. United States of America : Means Southern Construction Information Network, 
1990, page 833).

9.  30-year present worth of costs assumes 3.2% annual interest rate per "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study" (EPA 
540-R-00-002 July 2000) and the Office of Management and Budget Real Discount Rates last updated January 2003 
(http://www.whitehouse.gov/OMB/circulars/a094/a094.html).
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This alternative involves the construction of a treatment wetland 
designed to capture on-site contaminated groundwater and reduce 
contaminants of concern, primarily total VOCs, to acceptable lev-
els for discharge to surface water.  A preliminary conceptual design 
for the surface flow wetland system at AOC 9 includes a ground-
water collection trench, a primary treatment cell, auxiliary cells, 
and a monitoring outfall.  Based on the topography of the site and 
the groundwater flow direction, the collection trench would be lo-
cated northeast of Six Mile Creek, as shown in Figure 5-6.  The 
trench would extend 250 feet along the width of the plume and 
would have a maximum depth of 15 feet.  A geomembrane would 
be used on the downgradient side of the trench to minimize the im-
pact on Six Mile Creek water levels.  The collection trench would 
be backfilled with 14 feet of highly permeable granular material 
such as stone and cobble.  The upper foot of the trench would be 
backfilled with topsoil for establishing vegetation.  This trench will 
be constructed to intercept the groundwater plume and collect con-
taminated groundwater for distribution to the surface of the con-
structed treatment wetland cells.    
 
Water will then flow from the trench into the treatment cell.  The 
cell was preliminarily sized based on assumed VOC degradation 
rates, hydraulic loadings, maximum total VOC concentrations ex-
pected in the groundwater near Six Mile Creek (assumed to be half 
the maximum VOC concentration detected in the plume), and sur-
face water cleanup criteria.  An internal full-scale pilot study per-
formed by E & E estimated the degradation rate for DCE to be 0.06 
ft/day (E & E April 2002).  DCE was selected as the design degra-
dation rate for AOC 9 VOCs of concern as degradation rates and 
removal mechanisms for VOCs of concern, particularly chloroben-
zene, are not well understood and have not been published.  Based 
on a literature review and some field measurements this rate may 
be conservative and will likely change seasonally (Jackson et al. 
2000).  The selected degradation rate would be verified during the 
pilot study.   
 
The hydraulic loading is defined as the volume of water flowing 
into the wetland from the collection trench per unit time and is 
controlled by the hydrology of the system and time of year.  Based 
on a field pump test, the average hydraulic conductivity at AOC 9 
is 1.8 x 10-3 cm/s (E & E May 2004).  The average site groundwa-
ter hydraulic gradient estimated in the 2003 RI was 0.042 ft/ft.  
Therefore with the cross sectional area of the plume estimated as 
3,750 ft2 (250 feet wide by 15 feet deep) the hydraulic loading to 
the wetland is approximately 8,400 gallons per day (or 1,100 
ft3/day).  Target effluent concentrations are based on proposed sur-
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face water cleanup goals of 5 �g/L for chlorobenzene and 1,4-
dichlorobenzene and 1 �g/L for tetrachloroethene, which will result 
in a contaminant mass reduction of approximately 0.06 lb/day for 
chlorobenzene and less than 0.01 lb/day each for 1,4-
dichlorobenzene and tetrachloroethene.  It is possible that these 
proposed cleanup goals may be increased, potentially up to 100 
�g/L for chlorobenzene, because once groundwater concentrations 
have reached this level, the majority of contaminant mass would be 
remediated.  For purposes of this FS, CTW sizing and costs will be 
conservatively presented with proposed cleanup goals of 5 �g/L for 
chlorobenzene and associated COCs indicated above.  
 
Based on the design criteria and assumptions discussed above, the 
CTW would be approximately 2 acres in size and have a hydraulic 
retention time of 45 days (assuming 6 inches of standing water) to 
reduce VOC mass loadings by approximately 99%.  One 1-acre 
treatment cell will be constructed to treat the groundwater plume, 
with two 0.5-acre auxiliary cells on either side to maintain a 
consistent hydraulic gradient across the cells.  Prefabricated flow 
control boxes with weirs would be installed at the outlet to each of 
these cells.  Each flow control box contains a series of weir plates 
to control the surface water level in the wetland cell.  Excavated 
soils will be disposed off-site at a nearby landfill.  Treated water 
flowing out of the wetland cells through the flow control boxes 
will be hard-piped to a single monitored discharge point  (regulated 
outfall) that would discharge to the diverted section of Six Mile 
Creek.  The regulated outfall would also comprise a prefabricated 
flow control box with a weir.  Preliminary sizing calculations are 
included in Appendix B and the proposed layout of the collection 
trench and surface flow treatment wetland system is depicted in 
Figure 5-6.  
 
In order to take advantage of existing topography to construct the 
treatment wetland, the existing portion of Six Mile Creek that in-
tersects the groundwater plume at AOC 9 would be diverted to the 
southeast to the unnamed tributary of Six Mile Creek (see Figure 
5-6).   
 
Water quality samples to be collected monthly during the first year 
of operation would be from the regulated outfall and six new 1-
inch piezometers.  Three piezometers will be installed in the col-
lection trench and three downstream of the regulated outfall near 
the diverted section of Six Mile Creek.  Monthly water quality 
sampling for the first year was assumed for this alternative.  Each 
sampling event would consist of VOC and metals analysis from the 
regulated outfall and six new piezometers.  
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Institutional controls and a long-term monitoring program would 
be implemented similar to that described in Alternative 2.  Eight 
monitoring wells and six new piezometers would be sampled quar-
terly for the first three years (for VOCs and metals), and annually 
thereafter (VOCs only).  In addition, monthly sampling of the out-
fall influent and effluent would be performed.  For purposes of this 
FS, it is assumed that long-term monitoring and associated O&M 
will be performed for 30 years because of the passive nature of this 
technology.  
 
5.6.2 Evaluation of Criteria 
 
Overall Protection of Human Health and the 
Environment 
This alternative is protective of human health and the environment 
because the passive treatment of contaminated groundwater in the 
CTW is expected to reduce contaminant levels below proposed 
cleanup goals.  This alternative would also minimize potential ex-
posure to groundwater from on-site drainageways and Six Mile 
Creek where site groundwater discharges to the surface/creek as 
the creek will be diverted.  Furthermore, the placement of institu-
tional controls (deed restrictions) would restrict and help minimize 
future uses/exposures and therefore this alternative is protective of 
human health and the environment.   
 
Any adverse impact to Six Mile Creek from AOC 9 would be 
minimized by remediating groundwater before discharge into Six 
Mile Creek.  While it has been E & E’s experience that this type of 
a CTW will provide minimal impacts to wildlife, it is recom-
mended that ecological risk screening be performed to verify that 
the CTW will not result in any adverse impact to wildlife. 
 
Compliance with Applicable Standards, Criteria, and 
Guidelines 
Through removal of contaminants via natural processes enhanced 
by the construction of a wetland, contaminant concentrations in the 
aquifer are expected to be reduced over time to levels below 
groundwater standards, thus meeting chemical-specific ARARs.  It 
is anticipated that there will be no issues associated with obtaining 
necessary approvals/permits from the state and local agencies to 
discharge treated water into Six Mile Creek, therefore complying 
with action-specific ARARs. 
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Long-term Effectiveness and Performance 
Because this alternative includes passive treatment of contaminated 
groundwater and placement of institutional controls that would re-
strict use of the groundwater, this alternative would be effective in 
the long-term.  The treatment of contaminated groundwater would 
also minimize off-site migration and potential off-site exposure 
risks. 
 
Reduction in Toxicity, Mobility, or Volume through 
Treatment 
By removing contamination in the aquifer, this alternative reduces 
the volume of contaminated groundwater on site.  By constructing 
a treatment wetland, the discharge of groundwater would be con-
trolled and mobility of contaminated groundwater reduced.  This 
alternative would also reduce toxicity levels of contaminated 
groundwater through natural processes such as biodegradation, 
volatilization, and photochemical oxidation. 
 
Short-term Effectiveness 
Due to the locale of AOC 9 and activities required to implement 
this alternative, short-term impacts to the surrounding community 
and workers would be minimal.  However, there would be short-
term impacts to the environment during construction of the collec-
tion trench, wetland, and diversion of Six Mile Creek, which 
would disrupt more than 2 acres of land.  Sediment and erosion 
controls would be placed to minimize impacts to the environment 
associated with these construction activities.  
 
Before construction associated with the CTW can start, a pilot 
study and ecological risk screening for a CTW at AOC 9 must be 
performed, which would take approximately 6 months.  Construc-
tion of the CTW described above would be completed within ap-
proximately 6 to 8 months, which includes about a month of start-
up once the CTW has been constructed. 
 
Implementability 
Based on a preliminary groundwater analysis, this alternative is 
readily implemented using standard construction means and meth-
ods.  However, BASH issues would need to be addressed and fur-
ther refining of this analysis using results from a pilot study and 
ecological risk screening would be required before this alternative 
is selected. 
 
Costs 
The total present-worth cost of this alternative based on a 30-year 
period at a discount rate of 3.2% is $2,789,000.  Table 5-6 presents 
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the quantities, unit costs, and subtotal costs for the various work 
items in this alternative.  Annual O&M, water quality monitoring 
costs, and renewal of institutional controls and permits were also 
assumed for 30 years with this alternative. 
 



Table 5-6  Alternative 6 - Constructed Treatment Wetland, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Capital Costs
Work Plan / Final Report Includes submittals, reporting, meetings LS 1 NA $75,000
Small-Scale Pilot Study Includes conceptual design, laboratory tests, 

documentation, and reports
LS 1 NA $50,000

Ecological Risk Screening Includes development of report LS 1 NA $15,000
Permits Assume state/federal water quality permit required; 

includes permit application and maintenance
LS 1 NA $5,000

Institutional Controls Includes deed restrictions Each 1 $2,500.00 $2,500
Subtotal $147,500
Health and Safety
Construct Decontamination Pad & Containment For equipment & personnel Setups 2 $2,000.00 $4,000
Air Monitoring Organic Vapor Analyzer (4 units) months 2 $4,000.00 $8,000
Health and Safety Plan and Management Includes development of plan and medical 

surveillance of on-site personnel
LS 1 NA $20,000

Site Safety Officer 10 hrs/day, 5days/wk, $65/hr manweeks 8 $3,250.00 $26,000
Personal Protective Equipment Includes coveralls, hard hats, safety glasses, 

reusable boots, gloves
LS 1 NA $5,000

Subtotal $63,000
Site Preparation
Survey (Labor) Pre-construction survey, 3 person crew Day 5 $1,275.00 $6,400
Survey (Equipment) Includes total station, tripod and rod Day 5 $225.00 $1,200
Topsoil Stripping Strip 6" over 2 acres BCY 1,700 $1.32 $2,244
Erosion and sedimentation controls Silt fencing, straw mat, and straw bales LS 1 NA $2,000
Subtotal $11,900
Diversion of Six Mile Creek
Excavate Diversion Trench Assume similar cross section of existing Six Mile 

Creek: 3 foot depth, 10 foot width for approx 1,500 
foot length; excavated soil to be used as fill for 
portion of creek to be cut-off; 1/2 CY track 
loader/backhoe

BCY 1,700 $4.85 $8,300

Backfill Existing Six Mile Creek 75 HP Front End Loader with 300 foot haul BCY 1,700 $2.78 $4,800
Compaction Vibrating Roller, 2 feet wide, 6-inch lifts, 2 passes BCY 1,700 $1.51 $2,600

Subtotal $15,700
Collection Trench Construction
Trench Box 7’ deep, 6’ x 20’, assume rental of  2 trench boxes - 

monthly rate 
months 2 $1,550.00 $3,100

Excavate Trench 250’ L x 5’ W x 15’ D; 1/2 CY track loader/backhoe; 
(Crew B-11M)

Day 10 $1,000.00 $10,000

Haul Excavated Material to Stockpile 1.5 CY front end loader; assume 23% swell factor LCY 900 $1.88 $1,700

Characterization Sampling Includes TCLP, Metals, RCRA ignitability, 
corrosivity, reactivity

LS 4 $1,000.00 $4,000

Load Soil onto Dump Trucks 75 HP front end loader; swell factor of 23% LCY 900 $1.88 $1,700
Haul Soil to Landfill Includes round trip haul; 1.30 tons/BCY Ton 950 $25.00 $23,800
Landfill Disposal Fee Assume non-hazardous Ton 950 $35.00 $33,300
Geomembrane 60 mil thick includes installation, 250’L x 15’D SF 3,750 $1.35 $5,100
Gravel (Material) 1"-rounded, includes delivery; assume 14’ gravel fill; 

1.43 ton/LCY
Ton 1,000 $10.50 $10,500

Topsoil (Material) Assume 1’ topsoil fill, includes delivery; 1.43 
tons/LCY

Ton 100 $12.90 $1,300

Placement of Gravel / Topsoil 1.5 CY front end loader LCY 770 $1.88 $1,500
Compaction of Gravel / Backfill Vibrating Roller, 2 feet wide, 6-inch lifts, 2 passes BCY 730 $1.51 $1,200

Seeding Bluegrass 4#, spread with push spreader MSF 2 $54.50 $100
Dewatering Two-4" diaphragm pumps used for 8 hrs/day; 

includes labor
Day 20 $258.00 $5,200

Water Tank 10,000 gal, aboveground months 2 $2,050.00 $4,100
Carbon Drum (for Dewatering) 55-gal drum (200 lb carbon); assume no carbon 

replacement
Each 2 $500.00 $1,000

Prefilter and Internal Piping Bag Filter Type +10% for Delivery Each 1 $1,100.00 $1,100

Postfilter and Internal Piping Bag Filter Type +10% for Delivery Each 1 $1,100.00 $1,100
Interconnection Piping Kit Each 1 $650.00 $700
Carbon - Disposal Includes transportation LB 400 $1.00 $400
Carbon - Characterization Analysis Includes TCLP, Metals, RCRA ignitability, 

corrosivity, reactivity
LS 1 $1,000.00 $1,000

Subtotal $111,900
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Table 5-6  Alternative 6 - Constructed Treatment Wetland, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Wetland Construction
Excavation and Stockpile Soil Excavate 2 acres; 3’ bgs; 3 CY excavator; 3:1 side 

slopes
BCY 10,100 $2.32 $23,500

Haul Excavated Soil to Stockpile 1.5 CY front end loader; assume 23% swell factor LCY 12,500 $1.88 $23,500

Characterization Sampling Includes TCLP, Metals, RCRA ignitability, 
corrosivity, reactivity

LS 8 $1,000.00 $8,000

Load Soil onto Dump Trucks 75 HP front end loader; 23% swell factor LCY 12,500 $1.88 $23,500
Haul Soil to Landfill Includes round trip haul; 1.30 tons/BCY Ton 13,130 $25.00 $328,300
Landfill Disposal Fee 1.30 tons/BCY; assume non-hazardous Ton 13,130 $35.00 $459,600
Grading subbase of wetland Fine grading SY 9,700 $0.60 $5,900
Compact wetland subbase Vibrating Roller, 2 feet wide, 6-inch lifts, 2 passes BCY 1,700 $1.51 $2,600
Haul topsoil from stockpile Assume 16.5 CY truck, less than 1 mile round trip BCY 3,300 $2.84 $9,400
Spread topsoil and medium grading 1.5 CY front end loader; assume 23% swell factor LCY 4,100 $1.88 $7,800

Flow Control Structures (Material) V-Notch weirs and boxes; 3 weirs (one for each 
cell) and 1 for outfall

Each 4 $1,000.00 $4,000

Flow Control Structures (Labor) 2-prerson crew; assume skilled labor @ $50.50/hr 
for 8 hr/day

Day 5 $808.00 $4,100

8" Perforated PVC Pipe Includes installation LF 300 $11.83 $3,600
Wetland Planting Assorted wetland mixture to include cattails Acre 2 $10,000.00 $20,000
Documentation Survey (Labor) Assume 3 survey documentations; each 3 days; 3 

person crew
Day 9 $1,275.00 $11,500

Documentation Survey (Equipment) Includes total station, tripod and rod Day 9 $225.00 $2,100
Dewatering Two-4" diaphragm pumps used for 8 hrs/day; 

includes labor
Day 30 $258.00 $7,800

Water Tank 10,000 gal, aboveground (included under Collection 
Trench Construction)

months 0 $2,050.00 $0

Carbon Drum (for Dewatering) 55-gal drum (200 lb carbon); assume no carbon 
replacement

Each 2 $500.00 $1,000

Prefilter and Internal Piping Bag Filter Type +10% for Delivery Each 1 $1,100.00 $1,100

Postfilter and Internal Piping Bag Filter Type +10% for Delivery Each 1 $1,100.00 $1,100
Interconnection Piping Kit Each 1 $650.00 $700
Carbon - Disposal Includes transportation LB 400 $1.00 $400
Carbon - Characterization Analysis Includes TCLP, Metals, RCRA ignitability, 

corrosivity, reactivity; sampling labor to be included 
in operation and maintenance

LS 1 $1,000.00 $1,000

Fencing Perimeter fence around wetland and outfall; 
includes installation

LF 1,200 $3.71 $4,500

Mobilization/Demobilization (Piezometers) LS 1 $1,000.00 $1,000
Installation of Piezometers Assume 6 total 1-inch piezometers (3 in collection 

trench and 3 downgradient of diverted Six Mile 
Creek), max depth of 22 feet; includes drilling, well 
construction

Each 6 $200.00 $1,200

Oversight During construction of CTW, collection trench, Six 
Mile Creek diversion, and other activities (approx 2 
months); assume 2-persons @ $65/hr, 5days/week, 
8hr/day

Day 44 $1,040.00 $45,760

Subtotal $1,002,960
Capital Cost Subtotal: $1,352,960

Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $1,250,135
15% Legal, administrative, engineering fees, construction management: $187,520

15% Contingencies: $215,648
Total Capital Cost: $1,654,000
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Table 5-6  Alternative 6 - Constructed Treatment Wetland, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Annual Costs (Years 1 through 3)
Operation and Maintenance
Quarterly Wetland Inspections 1-person @ $65/hr, 8hr/day Day 4 $520.00 $2,100
Replacement of Damaged Vegetation Acre 0.1 $10,000.00 $1,000
Fence Maintenance LS 1 NA $100
Maintenance of Flow Control Structures LS 1 NA $500
Monitoring
Groundwater Sampling (Labor) 2-person @ $65/hr, 8hr/day 8 monitoring wells + 6 

piezometers 4 times per year - assume 8 days per 
year; 8hr/day 2 samples per outfall (influent/effluent) 
once per month - assume 12 days per year

Day 20 $1,040.00 $20,800

Groundwater Sampling (Equipment) Groundwater level indicator, multi-parameter 
instrument, low-flow pump

Day 20 $200.00 $4,000

Parameter Analyses (VOC) Includes TCL VOCs (Method SW8260B); assume 1 
groundwater sample from 8 monitoring wells + 6 
piezometers 4 times per year and 2 groundwater 
samples from the outfall 12 times per year

Each 80 $200.00 $16,000

Parameter Analyses (Metals) Includes TAL Metals; assume 1 groundwater 
sample from 8 monitoring wells 4 times per year 
and 2 groundwater samples from the outfall 12 
times per year

Each 56 $320.00 $18,000

Data Evaluation and Reporting HR 96 $90.00 $8,700
Monitoring Well Maintenance LS 1 NA $200
Institutional Controls Maintain/update documentation LS 1 NA $500
Permits Water permit; maintain/update documentation LS 1 NA $500
Subtotal $72,400

Annual Cost Subtotal: $72,400
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $66,898

10% Legal, administrative, engineering fees: $6,690
15% Contingencies: $11,038
Annual Cost Total: $85,000

Present Worth of Annual Costs: $240,000

Annual Costs (Years 4 through 30)
Operation and Maintenance
Quarterly Wetland Inspections 1-person @ $65/hr, 8hr/day Day 4 $520.00 $2,100
Replacement of Damaged Vegetation Acre 0.1 $10,000.00 $1,000
Fence Maintenance LS 1 NA $100
Maintenance of Flow Control Structures LS 1 NA $500
Monitoring
Groundwater Sampling (Labor) 2-person @ $65/hr, 8hr/day 8 monitoring wells + 6 

piezometers once per year - assume 2 days per 
year; 8hr/day 2 samples per outfall (influent/effluent) 
once per month - assume 12 days per year

Day 14 $1,300.00 $18,200

Groundwater Sampling (Equipment) Groundwater level indicator, multi-parameter 
instrument, low-flow pump

Day 14 $200.00 $2,800

Parameter Analyses (VOC) Includes TCL VOCs (Method SW8260B); 1 
groundwater sample from 8 monitoring wells + 6 
piezometers per year and 2 groundwater samples 
from the outfall 12 times per year 

Each 38 $200.00 $7,600

Data Evaluation and Reporting HR 96 $90.00 $8,700
Monitoring Well Maintenance LS 1 NA $200
Institutional Controls Maintain/update documentation LS 1 NA $500
Permits Water permit; maintain/update documentation LS 1 NA $500
Subtotal $42,200

Annual Cost Subtotal: $42,200
Adjusted Capital Cost Subtotal for Utica, New York Location Factor (0.924): $38,993

10% Legal, administrative, engineering fees: $3,899
15% Contingencies: $6,434
Annual Cost Total: $50,000

Present Worth of Annual Costs: $895,000

Total Present Worth Cost: $2,789,000
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Table 5-6  Alternative 6 - Constructed Treatment Wetland, AOC9 Former Griffiss AFB, Rome, NY
Item Description Comment Unit Quantity Unit Cost Cost

Assumptions

3.  For topsoil, assume 1.43 Tons/LCY per quote from Alliance Paving Materials Inc. Rome, NY.
4.  For dry, loose, gravel, assume 1.43 Tons/LCY per quote from Alliance Paving Materials Inc. Rome, NY.
5.  Unit costs obtained from RS Means ECHOS Cost Reference Books were marked up by 30% to account for Contractor O&P (except for analytical analyses).

Abbreviations:
BCY = bank cubic yards
HR = hour
LCY = loose cubic yards
LS = lump sum
LF = linear foot
MSF = thousand square feet
SY = square yard

1.  For moist to wet soil, assume swell factor of 23% (Means Estimating Handbook. United States of America : Means Southern Construction Information Network, 
1990, page 46).
2.  For site soils, assume 96 lb/CF (or 1.30 Tons/BCY) (Means Estimating Handbook. United States of America : Means Southern Construction Information 
Network, 1990, page 833).

6.  Legal, administrative, engineering, and construction management fees for capital costs estimated at 15% due to the detailed engineering involved with the CTW 
design and additional  regulatory interaction.
7.  30-year present worth of costs assumes 3.2% annual interest rate per "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study" 
(EPA 540-R-00-002 July 2000) and the Office of Management and Budget Real Discount Rates last updated January 2003 
(http://www.whitehouse.gov/OMB/circulars/a094/a094.html).
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Comparison of Alternatives�
 
 
 
 
6.1 Overall Protection of Human Health and the 

Environment 
Under existing site conditions, there are currently no on-site human 
or environmental receptors in direct contact with overburden 
groundwater contamination.  However, site groundwater dis-
charges to the surface in certain areas and to Six Mile Creek, al-
lowing the potential for exposure to site contaminants by site visi-
tors.  Alternative 1 will not prevent possible future exposures to 
on-site contaminated groundwater.  Alternative 2 includes institu-
tional controls and a monitoring program to minimize potential 
future exposures to contaminants.  Although no efforts would be 
made to eliminate the existing groundwater contamination, current 
and potential future uses of the site would permit this alternative to 
be protective of human health and the environment.  Alternatives 
3, 4, and 5 employ active treatment, while Alternative 6 employs 
passive treatment to eliminate contaminated groundwater and insti-
tutional controls, providing the highest level of protection.  
 
6.2 Compliance with Applicable Standards, 

Criteria, and Guidelines 
Groundwater standards comprise the chemical-specific ARARs for 
contamination at this site.  Alternatives 1 and 2 do not comply with 
ARARs since contaminated groundwater will not be treated.  Al-
ternatives 3 through 5 employ active treatment and Alternative 6 
employs passive treatment and will reduce concentrations below 
ARARs.  Alternatives 3 and 4 would reduce COC concentrations 
below ARARs within an assumed shorter period of time than Al-
ternatives 5 and 6.  These in situ treatments are expected to remove 
99% of the contaminant mass, leaving approximately 1% of the 
original contaminant mass to naturally attenuate over an assumed 
ten-year period.  Alternatives 5 and 6 would also reduce COC con-
centrations below ARARs over an assumed 30-year treatment pe-
riod.  
 

6 
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6.3 Long-term Effectiveness 
Because Alternatives 1 and 2 do not involve the removal or treat-
ment of contaminated groundwater, contamination will remain es-
sentially the same.  However, institutional controls combined with 
long-term monitoring in Alternative 2 provide an effective long-
term mechanism to protect human health and the environment. 
 
Alternatives 3 and 4 use active technologies while Alternative 6 
employs passive in situ treatment technologies.  As with any in situ 
technology, effectiveness cannot be well predicted until after pilot 
studies and/or initial implementations of the technology.  The in 
situ chemical oxidation pilot study at AOC 9, as briefly described 
in Alternative 3, has proven thus far to be effective in reducing 
COC concentrations.  Air sparging described in Alternative 4 is a 
proven technology that has been used at many sites with similar 
COCs and is expected to be reasonably effective.  Full-scale CTWs 
have been used at a limited number of sites and the technology’s 
effectiveness is more difficult to predict.  Because an on-site 
chemical oxidation pilot study has already been performed and re-
sults indicate this technology is effective, Alternative 3 is one step 
ahead of the other technologies in proving its long-term effective-
ness.  Pending successful implementation of Alternatives 4 and 6 
technologies, both would represent effective, long-term effective 
solutions. 
 
Alternative 5 employs a more established technology and thus its 
effectiveness is easier to predict.  Extraction and treatment is a 
well-established technology that is known to control plume migra-
tion and thus increase protectiveness.  Over the long term it would 
provide effective protection.  However, its ability to completely 
reduce concentrations to levels below groundwater standards 
throughout the aquifer is somewhat limited by the long time frames 
required to reduce concentrations.   
 
6.4 Reduction of Toxicity, Mobility, or Volume 

through Treatment 
Alternatives 1 and 2 do not involve removal and treatment of con-
taminated groundwater and, therefore, the toxicity, mobility, and 
volume of contamination will not be reduced.  Alternatives 3 
through 6 employ treatment mechanisms to reduce toxicity of con-
taminants in the plume.  Alternatives 3 and 4 treat the contami-
nants directly in situ, thus providing the most effective and rapid 
toxicity reduction.  Alternatives 5 and 6 rely on migration of con-
taminants to an extraction well or collection trench followed by 
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treatment aboveground.  This provides effective treatment, but at a 
slower rate.   
 
6.5 Short-term Effectiveness 
No short-term impacts are anticipated during implementation of 
Alternatives 1 and 2 as Alternative 1 involves no action and Alter-
native 2 utilizes existing site wells for a long-term monitoring pro-
gram.  Because AOC 9 is an open area, the remaining alternatives 
(3, 4, 5, and 6) will result in minor impacts associated with the in-
stallation of wells, construction of a collection trench, or develop-
ment of a CTW.  Alternative 6 will disturb the largest surface area 
at the site. 
 
Alternatives 3 and 4 would also provide the shortest duration of 
implementation.  In situ chemical oxidation treatment (Alternative 
3) at the site is assumed to be complete within one year, with no 
structures to remain on-site, although monitoring would continue 
for ten years.  AS/SVE treatment is assumed for five years, with a 
treatment enclosure to remain on-site and a long-term monitoring 
program to continue for 10 years.  Although construction activities 
for Alternatives 5 and 6 are assumed to be complete within a year, 
the duration of treatment has not been estimated but is assumed to 
require decades before standards are met due to mass transfer limi-
tations. 
 
6.6 Implementability 
There are no actions to implement for Alternative 1.  Alternatives 2 
and 3 are readily implemented.  Alternatives 4, 5, and 6 employ in 
situ and ex situ treatment technologies, which would require pilot-
scale testing (and/or numerical modeling for Alternative 5) to 
demonstrate effectiveness prior to implementation.  The technol-
ogy used to remediate site COCs as described in Alternative 6 is 
developmental.  There is a possibility that this testing would reveal 
technical problems that may limit the ability to implement these 
technologies or require significant changes from the assumptions 
that have been made regarding, for example, degradation rates, that 
may increase costs or time of implementation. 
 
6.7 Cost 
Alternative 1 calls for no action and thus incurs no costs.  Alterna-
tive 2, which includes long-term monitoring, is the least expensive 
of the remaining alternatives at a present-worth cost of $510,000, 
including a 30-year monitoring program that uses existing wells.   
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Alternatives 3, 4, and 6 call for active or passive in situ treatment.  
Estimates of the costs for these alternatives depend greatly on input 
from vendors of the respective technologies.  One ven-
dor/professional was contacted for each technology and historical 
project costing information (if available) was recorded.  The cost 
estimate obtained from the chemical oxidation vendor is relatively 
realistic as pilot studies performed (by this vendor) were taken into 
consideration before costing the full-scale implementation of this 
technology.  On the other hand, the cost estimate for full-scale im-
plementation obtained from the AS/SVE vendor is an order of 
magnitude cost estimate, not fully representing site-specific condi-
tions and subsequently not used in the estimate developed as part 
of this FS.  This is because a cost estimate for in situ treatment 
cannot be very reliable before bench- and/or pilot-scale testing.  
Standard construction costs were assumed for full-scale implemen-
tation of the CTW.  Therefore, a direct comparison of separate in 
situ treatment technology costs should be performed with the 
awareness of the uncertainties involved in their estimate assump-
tions.    
 
Considering these issues, the AS/SVE technology employed by 
Alternative 4 is estimated to be the least expensive (present worth 
of $2,099,000) of the three in situ technologies, followed by 
chemical oxidation  (present worth of $2,149,000), which are in 
turn estimated to be less than the CTW (present worth of 
$2,789,000).  The cost savings between the similar Alternatives 3 
and 4 lie primarily in the costs of reagent and number of injection 
wells for chemical oxidation.  Even though AS/SVE is estimated to 
take longer to complete, its fewer points of treatment make for a 
lower total cost.   
 
Alternative 5 employs extraction and treatment to remediate on-site 
groundwater contamination.  Its present-worth cost is estimated to 
be greater  than any of the in situ treatment technologies.  Most of 
its $2,503,000 estimated present worth is due to the present worth 
of 30 years of operation and maintenance. 
 
Cost estimates for AOC 9 groundwater remediation alternatives are 
summarized in Table 6-1. 
 



6-5 
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Table 6-1 Summary of Total Present Values at AOC 9, Former Griffiss AFB, Rome, New York 

Description 
Alternative 1 

No Action 

Alternative 2 
Institutional 
Controls and 

Long-term 
Monitoring 

Alternative 3 
In Situ 

Chemical 
Oxidation 

Alternative 4 
Air Sparging/ 

Soil Vapor 
Extraction 

Alternative 5 
Extraction, 
Treatment, 

and Disposal 

Alternative 6 
Constructed 
Treatment 
Wetland 

Total Project Duration (Years) 0 30 10 15 30 30 
Capital Cost $0 $13,000 $1,895,000 $1,017,000 $679,000 $1,654,000 
Annual Costs $0 $26,000 $29,000 Years 1-5 

$185,000 
Years 1-3 
$107,000 

Years 1-3 
$85,000 

    Years 6-15 
$26,000 

Years 4-30 
$85,000 

Years 4-30 
$50,000 

Total Present Value of 
Alternative 

$0 $510,000 $2,149,000 $2,099,000 $2,503,000 $2,789,000 
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Recommendation�
 
 
 
 
Considering the RAOs for AOC 9 and the remedial alternative 
evaluation completed in Sections 5 and 6, the recommended rem-
edy for AOC 9 is in situ chemical oxidation (Alternative 3).  
 
In situ chemical oxidation of contaminated groundwater represents 
an active remedial approach to permanently reduce the toxicity, 
mobility, and volume of site contaminants of concern, which per 
NYSDEC TAGM 4030 is a preferred technology when practical.  
This alternative also provides for protection of human health and 
the environment, has the ability to have the shortest treatment dura-
tion of the alternatives, and does not place restrictions on future 
use of the site (site expected to remain vacant; see Section 1.2).  
Although in situ chemical oxidation was not the least expensive 
alternative, it was in the same order of magnitude as the other ac-
tive treatment alternatives (Alternatives 4, 5, and 6).  The chemical 
oxidation pilot study performed at the site proved successful, with 
up to 99% contaminant removal.  
   
The no action and institutional controls/long-term monitoring al-
ternatives do not comply with ARARs; therefore, RAOs will not be 
achieved.  AS/SVE provides the same level of protection to human 
health and the environment as the in situ chemical oxidation alter-
native, but would require the performance of a pilot study to de-
termine site-specific effectiveness and the remedial duration is ex-
pected to be 5 years longer than in situ chemical oxidation due to 
O&M of the AS/SVE system.  Extraction, treatment, and disposal 
also provides the same level of protection to human health and the 
environment as the in situ chemical oxidation alternative, but is a 
more costly alternative that will require treatment/O&M activities 
over 30 years as opposed to the expected 10 years for the proven in 
situ chemical oxidation technology.  Additionally, both AS/SVE 
and extraction, treatment, and disposal alternatives are less desir-
able in the hierarchy of remedial technologies as per NYSDEC 
TAGM 4030 since these technologies would generate wastes that 
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would need to be properly disposed.  Implementing a CTW would 
also require the performance of a pilot study on a technology that 
has not been successfully demonstrated on a full-scale basis for the 
contaminants of concern at AOC 9.  Other issues, such as BASH 
concerns and greater costs than all of the other alternatives, sug-
gests a CTW to be less desirable than other alternatives. 
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Appendix B

Surface Water Flow Constructed Treatment Wetland
Sizing Calculations

Parameter Symbol Data Source Units
Hydraulic conductivity of AOC 9 soils k AOC 9 field data1 cm/s 0.0018

   ft/day 5.10
Cross sectional area of plume (250' x 15') A AOC 9 field data1 ft2 3750
Hydraulic gradient of groundwater I AOC 9 field data1 ft/ft 0.042
Design flow Q Q = k*I*A m3/day 23

ft3/day 804
gpd 6,011

CB PCE 1,4 DCE
Influent concentration Ci maximum concentration2  mg/L 1176 87 114
Target effluent concentration Ce surface water standards3  mg/L 5 1 5

Wetland background limit C* zero background for VOCs  mg/L 0 0 0
Reduction fraction to target Fe Fe = 1-Ce/Ci % 99.6% 98.8% 95.6%
Area rate constant k previous pilot study results4 m/yr 6.7 6.7 6.7
Required wetland area Areq A = Q/k * ln (Ci-C*/Ce-C*) ha 0.7 0.6 0.4

acres 1.7 1.4 1.0
Necessary area A largest required area, > Areq ha 0.7

acres 1.7
Hydraulic loading rate HLR HLR = Q/A cm/day 0.34
Mass of Contaminant Treated grams/day 26.8 2.0 2.6

pounds/day 0.06 0.004 0.01
Hydraulic retention time ( 6" water) HRT HRT = water depth*A/Q days 45.5
Effluent concentrations Co Co = C*+(Ci-C*) xp (-kA/Q) mg/L 5.0 0 0

Key: Notes:
CB = Chlorobenzene 1. Hydraulic gradient obtained from July 2003 pump test (E&E 2003).
PCE = Tetrachloroethene 2. Maximum groundwater concentrations detected within 75 feet northeast of Six Mile Creek 
1,4 DCE = 1,4 - Dichlorobenzene     (within plume) from Geoprobe/Hydropunch data obtained from 2000 and 2002 SI (E & E).

3. NYSDEC, June 1998, Ambient Water Quality Standard and Guidance Values, most stringent of the 
cm = centimeters       Class C or D Aquatic or Human Health Standards
ft = feet 4. Decay rate constants for the listed VOCs were taken from a 4-year pilot study of a treatment wetland treating 
ft2 = square feet      those VOCs (E & E April 2002).  Decay rates are field-derived for all seasons in a northern climate and for all 
ft3 = cubic feet      degradation mechanisms.
gpd = gallons per day 5.  Conversion Rates
ha = hectare 1 gal = 3.785 L
L = liter 1 lb = 453.6 grams
m = meter
m3 = cubic meter
s = seconds
mg = micrograms

Values
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