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1.0 IHTRODUCTIOY 

The purpose of this document is to provide the information needed for the Georgia 
Department of Natural Resources to evaluate the request to discharge treated 
groundwater to the Naval Submarine Base (NSB) Kings Bay sewage treatment 
facility. The following sections provide current and historic groundwater 
quality data, modeling of groundwater extraction system capture tones, a 
description of the groundwater treatment system, anda treatment system operation 
and discharge monitoring plan. 

Additional information and backup data on groundwater quality is available in the 
Resource Consematio and Recovers Act (RCRA) Facilitv Inveetiaation (mu 
Interim ReDoa (Aggn-ES, 1993a). More detailed treatment system design 
information is available in the Interim Measure Work Plan for Site 11. Old Camden 

ountv -se I wtivities (ABB-BS, 1993b). C 

1.1 OBJKCTIVE OF INTBRI# MEAs= . The overall objective of the Interim Measure 
(IM) is to hydraulically control movement of the volatile organic compound (VOCI 
plume within the surficial aquifer. This will be achieved in a phased approach. 
The first phase will collect site-specific data to support long-term Corrective 
measures, while in the process focus on collection of WC-contaminated 
groundwater from known areas of highest contamination. This first phase will 
continue while design activities are conducted for a full-scale 134 system. The 
second phase, or full-scale IM, will be designed to meet the overall IM objective 
of stabilization of VGC-contaminated groundwater within the surficial aquifer. 

1.2 TRKA'IWKWT STSTKM DVKRVIKW. 

1.2.1 Plume Definition Groundwater sampling results from the Interim Corrective 
Measure Screening Investigation (ICMSI) at the Old Camden County Landfill, Site 
11, at NSB Kings Bay indicated that VGCs are present within the surficial 
aquifer. VOCs detected include vinyl chloride, cis-1,2-dichloroethene, and other 
fuel-related VOC contaminants. The VOC contamination is present beneath the site 
and extends into the Crooked River Plantation Subdivision. The spatial 
distribution of the VOCs appears to be limited to the upper 60 feet of the 
surficial aquifer in the subdivision and along the western boundary of the 
landfill. Beneath the leuldEil1, VOC contaminants were detected at depths of 85 
feet below ground surface (bgs). The overall hydraulic gradient in the vicinity 
of the landfill is approximately 0.003 foot per foot towards the west-northwest. 
The VOCs appear to have migrated within the groundwater laterally toward the 
subdivision through advective transport and dispersion. 

Section 2.0 of this document provides a more detailed discussion of groundwater 
contamination characteristics. Plume plan view contour maps are included in 
Subsection 2.2.1 of this document. 

1.2.2 Groundwater Extraction Controlling the contaminant plume will be 
accomplished by use of a groundwater extraction (GWE) system to withdraw 
groundwater contaminated with VGCs from the surficial aquifer. The pilot-scale 
GWE system will include five recovery wells at four locations. Four wells (RW-1, 
RW-2, RW-3, and RW-4) are screened between approximately 20 to 70 feet bgs. One 
laeation includes a recovsry wsll ecresnsd from 6 to 26 feet bgs and nested with 
well RW-2. The recovery wells, shown in Figure l-l, are positioned along the 
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western side of the landfill and on the western right-of-way of Spur 40 in areas 
where the highest concentrations of VOCs were detected. 

1.2.3 Groundwater Treatment The treatment system will collect, treat, and 
discharge water extracted from the surficial aquifer by the pilot-scale OWE 
system. The system will have the capacity to reduce contaminant concentrations 
in the groundwater to United States Environmental Protection Agency (USEPA)- 
established Maximum Contaminant Levels (MCLs). MCLS are concentrations that are 
generally accepted as drinking water standards. Further discussion of these 
performance standards is provided in Subsection 1.3. 

Two pilot-scale treatment systems will be evaluated for suitability as a 
treatment method for full-scale IM implementation. Most of the water will be 
treated using air stripping technology for removal of the VGCs. The second 
pilot-scale treatment system, a methanotrophic Rotating Biological Contactor 
bRBC), will accept a small stream (I gallon per minute) which will be 
biologically treated for removal of the WCs. Both systems will be evaluated for 
effectiveness and efficiency as a long-term 1x4 treatment approach. 

During an initial pumping test conducted in October 1993, groundwater samples 
were collected and analyzed for heavy metals, iron, and carbonate concentrations 
to determine requirements for metals and carbonate removal prior to air 
stripping. Analytical results are presented in Subsection 2.1.5. Based on the 
analytical results, removal of metals and carbonate will not be needed at this 
time. 

1.3 PERFORMANCE STANDARDS. The IM groundwater treatment system operations and 
effluent will be operated and monitored to: 

1) achieve MCLs for constituents of concern at the system discharge, 
2) achieve efficient and effective operation of the air sparger, and 
3) collect data to design a full-scale treatment system, if needed. 

The USEPA considers a discharge to a Publicly Gwned Treatment Works (PGTW) an 
"indirect discharge." The General Pretreatment Regulations (40 Code of Federal 
Regulations (CFR) 403) apply to the site discharge and will be adhered to during 
operation of the IM treatment system. The purpose of the pretreatment 
regulations and standarda ie tzo prevent the diofharge of pollutants that pass 

through, interfere with, or are otherwise incompatible with the sewage treatment 
facility. 

The prohibitions of the pretreatment regulations (40 CPR 403.5 .a) are applicable 
to nondomestic uses and control the introduction of contaminants into PGTWs to 
accomplish the following: 

1) prevent interference with the operation (including sludge 
management) of a PGTW, and 

2) prevent pass through of contaminants through the POTW. 

The term "interference" means a discharge that inhibits or disrupts a POTW, its 
treatment processes or operations, or its sludge processes, use, or disposal, 
causing a violation of its discharge permit or other requirements. "Pass 
through" is any discharge to a PGTW in quantities or concentrations that causes 
a violation of any requirement of the POTW's discharge permit. 

KB WSB [LAS 8503.0043 #030/93.mlv l-3 



The effluent from the IM treatment systems will meet federal, state, and local 
pretreatment requirements, as applicable, for discharge to the baBe's Land 
Application System (LAS). During the pilot-scale testing, the concentrations of 

constituents of concern to the LA!3 influent will meet federal drinking water 
criteria MCLs listed in Table l-l. Groundwater meeting this criteria will not 
cause any biological interference or be toxic to the sewage treatment system. 
Nor will the constituents pass through the facility at any concentrations of 
concern. 

During pilot-scale operation, untreated groundwater analytical data will be 
collected to evaluate treatment andperfonnance standards required for full-scale 
IM operation. Currently, available groundwater data does not sufficiently 
support a no-treatment alternative for the groundwater extracted during pilot- 
scale testing. Treatment and monitoring of the groundwater extracted during 
pilot-scale testing will be performedtoprevent the receiving treatment facility 
from being adversely affected by the IM discharge stream. If approved, the 
treatment system effluent will be discharged to the base's LAS which is an 
Aerobic Facultative Process. 

The proposed performance standards for the treatment Bystem, or MCLs, for the 
constituents of concern are listed in Table l-l. 

1.4 PROPOSED SCIiRDDLR. The IM Treatment System is tentatively scheduled to 
start-up in February 1994. The pilot-scale test operations will take 
approximately 6 Weeks to complete (Phase I). The testing operations will 
progress as follows: 

. Start-up of one recovery well (approximately 10 gpm) and operation 
for one week. 

. Recovery phase for one week - some well develwent water that has 
been Btored will be treated. 

. Start-up of two recovery wells (approximately 17 gpm) and operation 
for one week. 

. Start-up of remaining three recovery wells and operation of all 
wells far 4 we&~ (60 gpm maximum). 

Evaluation of the pilot-scale test resulte and design of a full-scale IM Byetem 
is expected to require a minimum of 9 months. During this time (Phase I 
Continuance), the pilot-scale system will continue to operate to maintain the 
control of migration of constituents that was achieved during the pilot-scale 
test operations. Discharge to the base's LAS is requested for the duration of 
the Phase I and Phase I Continuance activities (approximately 10 months). 
Treatment system discharge during full-scale IM (Phase II) activities will be 

evaluated and resolved during design of the full-scale system. 

KB NSB [LAS 8503.0041#030/93.m1v l-4 



Table l-l Proposed Treatment System Performance Criteria 

Estimated Influent Performance Criteria' 
Constituent of Concern Concentration' (Pm) 

Benzene 28 fig/l 5 

2-Butenone 580 pg/l No limit3 

Chlorobenzene 10 as/l 100 

1,4-Dichlorobenzene 12 fig/l 75 

l,l-Dichloroethane 100 /w/l No limit3 

1,2-Dichloroethane 9 as/l 5 

cis-1,2-Dichloroethene 3,600 m/l 70 

trans-1,2-Dichloroethene 23 id1 100 

1,2-Dichloropropane 6 as/l 5 

Ethylbenzene 200 w/l 700 

2-Hexanone 78 m/l No limit3 

Methylene Chloride 41 as/l 5 

4-Methyl-2-pentanone 1,488 as/l No limit3 

Tetrachloroethene 24 fig/l 5 

Toluene 840 w/l 1,000 

Trichloroethene 45 as/l 5 

Xylenes (total) 155 pgll 10,000 

Vinyl Chloride 1,400 ccg/l 2 

BOD 14.3 mg/l * 

TSS 9.8 mg/l * 

PH 4 - 6 8-u. * 

Notes: 

. * = to bs set by the Lend Applicetion System 
BOO = biochemical oxygen demand 
PO/ 1 = micrograms per liter 
w/l = milligrams per liter 
S.U. = standard units 
TSS = total suspended solids 

1 Maximun concentration detected fran previous studies. 

2 Performsnce criteria are the maxinun contaminant levels for constituents of concern as established by the 
State of Georgia (1993) and IJSEPA (1993). 

3 No MCL or health-based advisory established. 
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Previous investigation activities to 
characterize the nature and extent *of groundwater contamination aesaciated with 
Site 11 include a RF1 groundwater monitoring program and three phases of 
contamination characteriration. The first characterization effort was a Phase 
I Interim Investigation. The second and third phases of contamination 
characterization are included in the I-1. A Supplemental WI and IX has been 
planned for the site and the initial implementation began in October 1993. The. 
scope of the RF1 groundwater mitoringprogram, Supplemental RFI, IM, and phases 
of contamination characterization are briefly described in the following 
paragraphs. Section 2.2 discusses the results of the investigation activities 
conducted at Site 11. 

A groundwater monitoring program 
consisting of six bimonthly sampling events began in February 1992. Nine 
groundwater monitoring wells, m-11-1 through ICEW-11-9, were included in the 
monitoring program (Figure 2-l). Theee monitoring welis are approximately 13 
feet bgs and have lo-foot well screens that intercept the surface of the water 
table. 

Samples from the first two sampling events were analyzed for Appendix IX VOCs, 
semivolatile organic compounds (SVoce) , organochlorine pesticides and 
polychlorinated biphenyle (p=B) , dioxine and f urans , herbicides, 
organophosphorue pesticides, and inorganic8 (including cyanide and sulfide) 
(Table 2-l). No pesticides, PCBs, herbicidee, dioxine, or furans, were detected 
in the groundwater saqles, and the SVOCe detected were attributed to incidental 
contamination during sampling and/or analysis. The analytical program was 
reduced after the second sampling event to include Appendix IX VOCe, inorganics 
(including cyanide and sulfide), total dissolved solids WDS) , and total 
suspended solids (TSS) . 

2~1.2 Phase I Int@rfm Inwsa The PhaBe I Interim Investigation waB 
implemented in August 1992 (ABB-ES, 1992). The objective of this investigation 
was to determine whether VOCs detected in the PPI groundwater monitoring wells 
had migrated off NSB property. The investigation included collection of 36 
groundwater samples using a hydrocone groundwater sampler advancedby direct push 
technology. These groundwater samples were collected from 25 locations along the 
western margin of the landfill and on the western right-of-way of Spur 40. 
Sample depths ranged from 7 to 20 feet bgs, with the exception that one 
penetration was advanced to a depth of 78 ft bgs. The groundwater samples were 
analyzed in an on-site laboratory for five target VOCs listed below: 

. vinyl chloride, 

. chloroethane, 

. trans-1,2-dichloroethene, 

. trichloroethene, and 

. tetrachloroethene.. 

Five duplicate groundwater samples were sent to en off-site analytical laboratory 
for confirmatory analysis. These analyses were conducted using SW-846 Methods 
8010 and 8020. The analytes for these analyses include the VOCs listed for 
Appendix IX constituents in Table 2-l. 

KB NSB CLAS 8503.0041%030/93.mlv 2-1 
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Table 2-l Appendix IX, Groundwater Monitoring List 

volatile Organic C~oundm (56 total) 
SW-646 lhthod 8240 

Chloromethane 
Brananethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide. 
Trichlorofluoranethe 
1,1-Dichloroethene 
l,l-Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromofonn 
2-Hexanone 
4-Methyl-2-Pentanone 

Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobensene 
Ethylbenzene 
Styrene 
Xylene (total) 
1,3-Dichlorobenrene 
1,4-Dichlorobentene 
1,2-Dichlorobenztne 
Acrolein 
Iodanethane 
Acrylonitrile 
Dibrcrnanethane 
Ethyl Methacrylate 
1,2,3-Trichloropropane 
trans-1,4-Dichloro-2-Butene 
Acetonitrile 
3-Chloropropene 
Propionitrile 
Methacrylonitrile 
1,4-Dioxane 
Methyl Methacrylate 
1,2-Dibrcxnoethane 
1,1,1,2-Tetrachloroethane 
1,2-Dibrmo-3-Chloropropane 
Pentachloroethane 
Isobutyl alcohol 
Chloroprene 

Semivolatile Organic Compoundm (acid fraction) 
SW-646 Nethod 6270 (18 total) 

Phenol 
2,6-Dichlorophenol 
2Chlorophenol 
2-Methylphenol 
2,3,4,6-Tetrachlorophenol 
3-Methylphenol 
4-Methylphenol 
2-Nitrophenol 
Benzoic Acid 
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2,4-Dichlorophenol 
I-Chloro-3-Methylphenol 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2,4-Dinitrophenol 
4-Nitrophenol 
4,6-Dinitro-2-Methylphenol 
2,4-Dimethylphenol 
Pentachlorophenol 



Table 2-1 (Continued) Appendix IX, Groundwater Monitoring List 

Semivolatilo Organic ColPlpoundm (bame/noutral frmtioa) 
SW-646 Hathod 8170 (93 total) 

N-Nitrosodimethylemine 
Aniline 
his (24hloroethyl) Ether 
1,3-Dichlorobencene 
1,4-Dichlorobenzene 
Benzyl Alcohol 
1,2-Dichlorobenzene 
bis(2-Chloroisopropyl)Ether 
N-Nitroso-Di-n-Propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
bis(2-ChloroethoxyjMethane 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl-phenylether 
Fluorene 
4-Nitroaniline 
N-Nitrosodiphenylamine 
1,2-Diphenylhydrazine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Aramite 
Phenanthrene 
Anthracene 
Di-n-Butylphthalate 
Fluoranthene 
Pyrene 

Di-n-Octyl Phthalate 
Benzo(b)Pluoranthene 
Bento(k)Fluorenthene 
Bento(a)Pyrene 
Indeno(l,2,3-cd)Pyrene 
Dibenz(a, h)Anthracene 
Bento(g,h,i)Perylene 
2-Picoline 
Methyl methaneeulfonate 
Ethyl methaneeulfonate 
Acetophenone 
I-Nitromopiperidine 
Phenyl-tert-butylamine 
N-Nitroeo-di-n-butylamine 
N-Nitrosodiethylamine 
N-Nitrosopyrrolidine 
Benzidine 
1,2,4,5-Tetrachlorobenzene 
Pentachlorobenzene 
1-Naphthylamine 
2-Naphthylamine 
Diphenylamine 
Phenacetine 
4-Aminobiphenyl 
Pentachloronitrobenzene 
Pronamide 
p-Dimethylaminoazobenzene 
3-Methylcholanthrene 
7,12-Dimethylbenz (a)Anthracene 
Pyridine 
N-Nitrosanethylethylamine 
N-Nitroscznorpholine 
o-Toluidine 
Hexachloropropene 
p-Phenylenediemine 
Safrole 
Isoeafrole 
1,4-Napthoquinone 
1,3-Dinitrobenzene 
5-Nitro-o-toluidine 
1,3,5-Trinitrobenzene 
4-Nitroquinoline-l-oxide 
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Table 2-1 (Continued) Appendix IX, Groundwater Monitoring Liet 

Semivolatile Organic Conpoundm (bama/nautral fraction) (Continued) 
SW-946 Hathod 8270 (93 total) 

Butylbenzylphthalate 
3,3*-Dichlorobenzidine 
Benzo(a)Anthracene 
Chryeenc 
bie(2-Ethylhexyl)Phthalate 

Methapyrileno 
3,3'Dimethylbenzidine 
2-Acetamidofluorene 
Hexachlorophene 

Chlorinated Dibonrofurura and Dibanro-p-dioxinr 
SW-846 Xethod 6280 (7 total) 

Tetrachlorodibenzo-p-dioxin6 (TCDDe) (total) 
2,3,7,8- TCDD (total) 

Pentachlorodibenzo-p-dioxin6 (PeCDDe) (total) 
Hexachlorodibenzo-p-dioxin8 (HeCDDs) (total) 

Tetrachlorodibenzofurans (TCDPe) (total) 
Pentachlorodibenzofurans (PeCDFs) (total) 
Hexachlorodebenzofurans (HeCDFs) (total) 

Organochlorfne Pomticido and PCB Compoundm (30 total) 
SW-946 Method 8080 

alpha-BHC 4,4'-DDT 
beta-BHC Methoxychlor 
delta-BHC Chlordane 
gamma-BHC (Lindane) Toxaphene 
Heptachlor Aroclor-1016 
Aldrin Aroclor-1221 
Heptachlor epoxide Aroclor-1232 
Endosulfan I Aroclor-1242 
Dieldrin Aroclor-1248 
4,4’-DBP Aroclor-1254 
Eridrin Aroclor-1260 
Endoeulfan II Kepone 
4,4'-DDD Chlorobenzilate 
Endrin aldehyde Diallate 
Endosulfan Sulfate Isodrin 

Organophomphoroum Pemticido Compoundm (9 total) 
SW-046 Method 8140 

Triethylphosphorothioate 
Thionazin 
Sulfotepp 
Phorate 
Dimethoate 

Disulfoton 
Methyl Parathion 
Ethyl Parathion 
Famphur 
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Table 2-1 (Continued) Appendix IX, Groundwater Monitoring List 

2,4-D 

Chlorinated Herbicide Compoundm (4 total) 
SW-846 Xethod 8150 

Silvex 2,4,5-T Dinoeeb 

Inorgaaio Aa8lytom (19 tot811 
SW-B46 llathodr 

Antimony 
Areenic 
Barium 
Beryllium 
Cadmium 
Chromium 

Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Cobalt 

Thallium 
Vanadium 
Zinc 
Tin 
Cyanide 
Sulfide 
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The ICMSI was 
conducted in October and Nov6mber 1992, with follow-on work conducted in March 
1993 (ABB-ES, 1993c). The initial ICE451 conducted in 1992 included collection 
of 144',#&hmdwater mmpleo fran 46 locatione in and around the landfill, on the 
right-of-way of Spur 40, and in Crooked River Plantatiga Subdivi8ion. Sample 
depth6 ranged f ran 5 to 72 feet bge . All of the groundwater sample6 were 
analyzed in an on-site laboratory for 10 target VOCo li8ted below: 

vinyl chloride trane-1,2-dichloroethene 
trichloroethene tie-1,2-dichloroethene 
tetrachloroethene benzene 
toluene ethylbeneene 
m/p-xylene o-xylene 

Seventeen duplicate groundwater 66mplee were submitted to an off-site laboratory 
for confirmatory analysis. These analyses were performed according to Contract 
Laboratory Program (CLP) method6 and included Target Compound List (TCL) VOCs 
(Table 2-2). Two groundwater eaxplee were collected and submitted to the off- 
site laboratory for analyeirr of TCL SVOCe. 

During the KM91 field effort, two problems were encountered that necessitated 
follow-on work. First, the direct push instruments had difficulty with the 
stratigraphy and frequently met refusal at depth6 a6 shallow a8 10 feet bge in 
the area of the landfill. Second, in the landfill the objective was to penetrate 
the undisturbed soil between burial trenches, but waste was consistently 
encountered during penetrations. 

The follow-on work for the ICMSI was conducted in March 1993 and included 
collection of groundwater eamplee from'16 locations within and to the north of 
the landfill. Sample depths ranged from 12 to SO feet bgs. Fifty-four 
groundwater samples were collected and analyzed in an on-site laboratory for the 
10 target VOCs listed for the ICM!31. Five groundwater samples were submitted to 
an off-site laboratory for analysis of TCL VOCs using CLP methods. 

A monitoring well, KBA-11-10, was also installed during the March 1993 field 
effort. This monitoring well was installed at one of the hydropunch locations 
in the landfill and is 20 feet deep with a lo-foot well screen. 

2.1.4 Suonlemeatal RFK In October and November 1993, groundwater monitoring 
wells were installed in and around the landfill and in Crooked River Plantation 
Subdivision. Twenty-five monitoring wells were installed at15 location6 (Figure 
2-2). The monitoring wells range in depth from 20 to 95 feet bge. Result6 of 
previous investigation6 were used to eelect ecreenedintervals for the monitoring 
wells. The monitoring well6 will be sampled during two groundwater sampling 
events in January and March 1994. Sample analysis will include all TCL and 
Target Analyte List (TAL) 6nalyte6, plus sulfide, which ie not a TAL parameter. 
A subset of groundwater samples collected during the first groundwater esmpling 
event will be analyzed for Appendix IX conetituenta. 

2.1.5 Interim Measure Groundwater contamination characterization activities 
associated with the IM include collection of groundwater eamples from four 
recovery wells installed in October and November 1993. These eamples were 
submitted to en off-site laboratory for analysis of TCL and TAL parameters (plus 
sulfide) using CLP methods. 
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Table 2-2 Target Compound List and Target Analyte List 

Paraprster : VOlStih &g6nic Coqmundr 

Mathod: Contract Laboratory Rrogr8m Statuont of Work for Organic &slySiS~ 
Multi-media, Multf-concentration. 

Chloromethane 
Brcmunethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide. 
l,l-Dichloroethene 
1,1-Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethae 
1,2-Dichloropropane 

cio-1,3-Dichloropropene 
Trichloroethene 
Dibranochloranethane 
1,1,2-Trichloroethane 
trans-1,3-Dichloropropene 
Bromofonn 
2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Benzene 
Chlorobeneene 
Ethylbeneene 
Styrene 
Xylene (total) 

Parameter: semivolatile Organic Compounds 
Method: Contract Laboratory Program Statement of Work for Organic Analysis, 

Multi-media, Multi-concentration. 

Phenol Acenaphthene 
bis(2-Chloroethyl) ether 2,4-Dinitrophenol 
2-Chlorophenol 4-Nitrophenol 
1,3-Dichlorobenzene Dibenzofuran 
1,4-Dichlorobenzene 2,4-Dinitrotoluene 
1,2-Dichlorobenzene Diethylphthalate 
2-Methylphenol 4-Chlorophenyl-phenylether 
2,2'-oxybie(l-Chloropropane) Fluorene 
I-Methylphenol 4-Nitroaniline 
N-Nitroeo-di-n-propylamine 4,6-Dinitro-2-methylphenol 
Hexachloroethane N-Nitroaodiphenylamine 
Nitrobenzene 4-Braaophenyl-phenylether 
Isophorone Hexachlorobencene 
2-Nitrophenol Pentachlorophenol 
2,4-Dimethylphenol Phenanthrene 
bis(2-Chloroethoxyjmethane Anthracene 
2,4-Dichlorophenol Carbazole 
1,2,4-Trichlorobenzene Di-n-butylphthalate 
Naphthalene Fluoranthene 

p 

1.** 
I 

See note at end of tabtc. 
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Table 2-2 (continued) Target Compound List 6nd Target Analyte List 

p 
,\ . . 

Parameter : Semivolatile Organic Cmpounds (Coptimed) 

4-Chloroaniline pyre- 
Hexachlorobutadiene Butylbenzylphthalate 
4-Chloro-3-methylphenol 3,3*-Dichlorobenridine 
2-Wthylnaphthalene Benzo(a)anthracene 
HexachkwxyclopentadSane Chrysene 

Parameter: SedVOlatile Organic Compound6 - continued 
Method: CoPtraCt LabOratOry Program St8tamUXt Of Work for OrgWXiC AnslySiS, 

Multi-media, Multi-concantration. 

2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
2,5-Dinitrotoluene 
3-Nitroaniline 

bi6 (2-Ethylhexyl)phthalate 
Di-n-octyl phthalate 
Ben60 lb) fluoranthene 
Benzo (k) fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cdjpyrene 
Dibenz(a, hlanthracene 
Benzo(g,h,i)perylene 

Parameter: Organochlorino Pe6ticide and PCB COapoUndS 

Mathod: Contract Laboratory Progrsm Statemant of Work for Organic Analysis, 
Multi-media, Multi-concentration. 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 
4.4'-0136 
Endrin 
Endosulfan II 
4,4'-DDD 
En&in aldehyde 

Endosulfan sulfate 
4,4'-DDT 
Methoxychlor 
gamma-Chlordane 
alpha-Chlordane 
Toxaphene 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclur-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

P8ranr6t6r: Inorganic Analytes 
Xethod: Contract Laboratory Program Stat6ment of Work for Inorganic Analysis 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 

Cobalt 
Copper 
Iron 
Lead 
Magnesium 

POta66iUlll 
Selenium 
Silver 
Sodium 
Thallium 

See note at ehd of table. 
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Table 2-2 (continued) Target Canpound List and Target Analyte List 

Parumtorr Inorganic Au6lyter (Continued) 

Cadmium 
Chromium 
Calcium 

Manganese VaIMdiW 
Mercury Zinc 
Nickel Cyanide 

sate: 

PCBs = polychlorinated biphenylg 
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Additionally, groundwater samples were collected from monitoring well KRA-11-10 
(July 1993) and KBA-RW-01 (October 1993). The purpose of analyzing samples from 
KBA-11-10 and KBA-RW-Olwas to evaluate the treatability of the groundwater with 
respect to the need for pretreatment. The data are included herein for use in 
evaluating the waetsrtream to be treated under this request. The groundwater 
samples from KBA-11-10 were analysed by an off-site laboratory for the 
constituents lieted below: 

TAL inorganic6 
Hardneee, Total (a8 CaCQ) 
Volatile Suspended Solids 
Total Volatile Solids 
Chloride 
Sulfide 
Nitrate and Nitrite (as N) 
Biological Oxygen Demand (5 and 20 
Grease and Oil 

Alkalinity (ae Caq) 
TDS 
TSS 
Total Solid8 
Sulfate 
Aumonia (as 19) 
Kjeldahl Nitrogen (as N) 

&Y) Chemical Oxygen Demand 
Total Organic Carbon 

The samples from KBA-RW-01, collected in October 1993, were analyzed by an off- 
site laboratory for select metals (cadmium, chromium, lead, iron, andmanganese), 
total hardness (as CaCQ), TDS, TSS, chloride, and total organic carbon 0'OC). 

1.3 GROUNDWATNR co- I The following subsections summarize available 
information on contaminants in the groundwater to be treated under the IM. The 
discussion is organized according to groups of compounds. 

-C Cm Table 2-3 sunrnarizes VOC data for the RPI 
groundwater samples. Eleven chlorinated and nonchlorinated solvents and fuel- 
related VOCs were detected in groundwater samples from monitoring well KBA-11-2 
during the RPI bimonthly sampling events. Vinyl chloride was the only VOC 
detected above its MCL of 2 pg/l. In the remaining four wells containing 
detectable VOCs, one to four VOCs were detected, but none of the VOC 
concentrations exceeded MCLs. Detection of vinyl chloride in samples from 
monitoring well KBA-11-2 prompted the Navy to initiate an aggressive 
investigation of potential VOC contamination of groundwater. 

The re!sults of the Phase I Interim Invaatiqatian and ICMSf confirmed that VOCs 
had migrated, via the groundwater, beyond the boundary of the landfill and 
underneath Crooked River Plantation Subdivision. These chemicals included 
solvent-related VOCs such as the.dichloroethene and vinyl chloride, as well as 
fuel-related VOCs such as benzene, ethylbenzene, toluene, and xylenes. 

Tables 2-4 and 2-5 sumnarize on-site and off-site analytical data, respectively, 
for the groundwater eamplee collected during the Phase I Interim Investigation 
and the ICMSI. A total of 25 VGCs have been detected in 27 groundwater samples 
from the plume. Based on off -site laboratory analysie, seven VOCe were detected 
at concentrations greater than corresponding WCLs promulgated under state and 
federal drinking water reguldtione (Table 2-5). The seven VCCs include benzene, 
1,2-dichloroethane, cis-1,2-dichloroethene, 1,2-dichloropropane, 
chloride, 

me thylene 
trichloroethene, and vinyl chloride. The on-site analytical data 

(Table 2-4) indicate that tetrachloroethene is also present in groundwater at 
concentrations that exceed its MCL of 5 )cg/l. 
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Table 2-3 Summary of Volatile Organic Canpound and Semivolatile Organic 
Canpound Analytical Data for the RF1 Groundwater Monitoring Program 
at Site 11 

Svacs 

Detected vocs oatacted 

Concentrrtlon 

surge <roJI) 

Associatad 

saqA* Evante 

KBA-11-l NW Nom 

KBA-11-2 NW vinyl chloride 18 - 160 1,2,3,4,5,6 

1,2-dichloroethene 4.8 - 22 1,2,3,4,5,6 

ethylbenzene 1J 5 

t01uane lJ-3J 2A5.6 

xylws (total) 25-45 2,X5,6 

1,4-dichlorobenzene 1J 5 

chloroethane 35-55 3,s 

methytm chloride 3.3 4 

trichloroethcne 1J 2 

tctrrchloroethene 1J 2 

chloroform 4J 1 

KBA-11-3 

1,4-dichlorobenzcne 

chlorobentene 35-6 1,2,3,4,5,6 

1,4-dichlorobenzene 4 - 28 1,2,4,5,6 

1,3-dichlorcbenzene 15 2,3 

bis(2-ethylhexyl) 
phthelate 31 2 

KBA-11-C 

KBA-11-S 

None 

xylms (totel) 

1,4-dichtorobentene 

2 

?J -2J 

1 

1.2J.4 
bis(2-tthylhexyl) 
phthalate 4J 2 

KBA-11-6 xylenes (total) 

1,4-dlchlorobenzene 

2 

1J -2J 

1 

1,2,3,4,6 
bis(2-cthylhexyl) 
phthrlate 5J 2 

KfiA-11-7 bis<2-ethythtxyt) NtXl4 
94 1 phthaiata 

See notes at end of table. 
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Table 2-3 (Continued) Sumnary of Volatile Organic Compound and Semi-volatile 
Organic Coapound Analytical Data for the RF1 Groundwater 
Monitoring Program at Site 11 

(lonftorinp SVOCI Conc*tration hwoctat4d 
UeIi 1s. Ottaetad VOCI Drtcct4d Ban04 ($@I(1 Swpia Events 

KBA-11-8 vinyl chlotido 25 1 

ethylbenzene 1J 1 

xylm48 (total) 5 1 

chloroethane 2J 2 

diethylphthalate 9J 1 

Notes: 

pg/L = microgruss per Ifter 
J = estimated concentration 
VCC = volatile organic canpoud 
svoc = semivo(atile organic compoud 

Source: 

ABB-ES, 1993a. 

f 

L 
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Table 2-4 Suuunaxy of On-mite Analytical Data for Groundwater Samples Collected 
during the Phase I Interim Investigation and the Interim Corrective 
Measure Screening Investigation 

chalulikt#tcd 

Volatile Organic Campouwls 

B4nrw 

cis-1,2-Dichloroethm 

trans-1,2-Dichloroethene 

Ethyl benzene 

Tetrachloroethcne 

TOlWW 

Trichloroethene 

Xylenes (total) 

Vinyl chloride 

mx 
bl6VlB 

5 

70 

100 

100 

5 

1,000 

5 

10,ODo 

2 

of sss!&&u* 

24f 102 

56f 125 

9/125 

24/102 

af 125 

42f102 

4/125 

31/102 

113f125 

cmwntrstim 
Num bsftt 

1.0 - 28 

1.3 - 1,100 

5.0 - 21 

2.7 - 200 

3.2 - 24 

4.0 - 430 

5.9 - 45 

2.1 - 155 

1.1 - 1,400 

l?f24 

10f56 

o/9 

O/24 

71s 

O/42 

4/4 

o/31 

112/113 

Total Volatile Organic Cmpomds MA WA 1.0 - 1537 WA 

Notes: 

ro/ 1 = micrograms per liter 
ClCL = Maxim Contaminant level 
MA = Not Applicable 

’ The total n&r of samples includes those samples that contained at least one or more volatile organic 
conpounds. 

Sources: 

ABE-ES, 1992. 
ABE-ES, 1993~. 
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Table 2-5 Surmnary of Off-site Analytical Data for l3roundwater Samples 
Collected during the Phase I Interim Investigation and the Interim 
Corrective Meaeure Screening Investigation 

Vobtilr Orgenic Coupomde 

Acetone 

BeflZeM 

Brcmcrthm 

2-Butanom (methyl ethyl ketone) 

ChLorobentene 

Chlorofom 

Carbon Disulfide 

1,2-Dichlorobenzene 

1,4-Dichlorobentene 

Dichlorodiftuoromethane 

l,l-Dichloroethme 

l,l-Dichloroethene 

1,2-Dichloroethane 

cis-1,2-Dichloroethene 

trans-1,2-Dichloroethene 

1,2-Dichloropropane 

Ethylbenzene 

2-Hexanone Uaathyl butyl ketone) 

Hethylene chloride 

L-Methyl-2-pentanone 

Tetrachloroethene 

TOIUWQ 

Trichloroethcnc 

Xylenes (total) 

Vinyl chloride 

Semivolatile organic carpoudr 

2,4-Dimethylphenol 

2-Methylphenol 

4-Rthy@7hanol 

See notes at end of table. 

NA ll/49 

5 ?/49 

NA l/49 

NA 6/49 

100 Z/49 

WA l/49 

IA 6/49 

600 l/49 

75 4/49 

WA l/49 

WA 8/49 

7 l/49 

5 l/49 

70 13/49 

100 2/49 

5 2/49 

700 10/49 

WA 4/49 

5 3/49 

WA 7/49 

5 l/49 

1,000 9/49 

5 6/49 

10,000 9/49 

2 7/49 

NA 

NA 

l/2 

112 

6-800 

1.7 - 5 

1.5 

24 - 580 

2.3 - 10 

3 

1 - 250 

6.4 

1.8 - 12 

5.3 

2 - 100 

3.9 

9 

1 - 3,600 

1 - 23 

1 -6 

2 - 41 

16 - 70 

3 - 41 

12 * 110 

3 

2 - 860 

3 - 4s 

1 - 120 

1.4 - 310 

280 

7 

NA 

2/7 

NA 

NA 

o/2 

NA 

WA 

O/l 

D/4 

WA 

NA 

O/l 

l/l 

3/13 

O/2 

10 

o/10 

WA 

2/3 

WA 

O/l 

O/9 

2/6 

O/9 

6/7 

NA 

WA 

UA f/2 120 WA 

KB WSE [LAS 8503.004l#D30/93.mlv 2-16 



Table 2-5 (Continued) Sumnary of Off-site Analytical Data for Groundwater 
Sample6 Collected during the Phaee I Interim 
Investigation and the Interim Corrective Measure 
Screening Investigation 

tzhcalcrl Detwtcd 

Diethylphthelrte 

NtAphthfii Cl)a 

Notes: pg/l = dcrogrm per liter 
MC1 = Hrxinun ContamiMnt level 
WA = Not Applicable 

' The total mmkr of samples includes those smplcs that contained at least one or rare volatile organic 
carpouds. 

Sources: 

ABB-ES, 1992. 
ABB-ES, 1993~. 
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The on-site analytical data aeeociated with the Phase I Interim Investigation, 
ICMSI, and the March 1993 follow-on investigation to the ICMSI were used to 
create the VGC contour maps presented in Figures 2-3, 2-4, and 2-5. The contour 
maps were generated using GIS Key- software. Comparisonof Figures 2-3, 2-4, and 
2-5 indicates that the majority of VW contamination is approximately 30 feet 
bge , extending from the western margin of the landfill to the right-of-way of 
Spur 40. The locations and depths of the recovery wells installed during October 
and November 1993 were selected baoed on these obeervatione. 

Table 2-6 eummarites VOC analytical data for groundwater eamplee collected from 
four recovery wells. Samples collected fran the recovery wells catain lower 
concentrations of VGCe than the samples collected during the Phase I Interim 
Investigation and ICMSI. The relative difference in VW concentratione is 
attributed to differences in sample intervals. The recovery wells have screened 
intervals of 40 and 50 feet, whereas the esmpling devices used during the Phase 
I Interim Investigation and the ICMSI collect groundwater eemples from discrete 
intervals of 1 foot (hydrocone) and 11 inches (hydrapunch). Four VOCa, including 
1,2-dichloroethene, methylene chloride, trichlorothene , andvinyl chloride, were 
detected at concentrations greater than corresponding MCLe pranulgated under 
state end federal drinking water regulations. 

2.2.2 Sem$volatiLe Oraanic C~~@QW& SVOCe detected in groundwater samples 
during the first two bimonthly sampling events included 1,4-dichlorobeneene and 
phthalate compounds (see Table 2-3). 1,4-Dichlorobensene ie included as a VOC 
and an SVOC in Appendix IX analyses. This compound was detected ae an SVOC in 
groundwater samples from monitoring well KEA-11-3 at concentrations ranging from 
4 J (estimated concentration) to 13 yg/l. These concentrations do not exceed the 
MCL of 75 w/l for 1,4-dichlorobenzene. TWO phthalate compounds, 
diethylphthalate and bis(2-ethylhexyl)phthalate, were detected in groundwater 
samples. Diethylphthalate was detected at 9 J pg/l in one sample frommonitoring 
well KBA-11-8 during the first sample event. Bie(2-ethylhexyl)phthalate was 
detected in groundwater samples from four monitoring wells at concentrations 
ranging from 4 J to 94 c(g/l. There are no MCLe for these canpounds. Phthalates 
are common artifacts of sampling and analysis. They can be introduced into 
sample media through contact with plastic tubing, sample gloves, and sample 
containers. 

The two groundwater samples collected during the ICMSI and submitted for SVOC 
analysis contained detectable concentrations of five SVOCe (see Table 2-5). The 
SVOCa detected include three phenolic compounds, a phthalate, and a polycyclic 
aromatic. Concentrations ranged from 2 to 280 cg/l. Phenolic canpounds and a 
phthalate canpound were also detected at similar concentratione in groundwater 
samples collected from four recovery wells, as shown in Table 2-6. The SVOCs 
detected do not have MCLe under state or federal drinking water etandards. 

2.2.3 Other Oraanic Cm VOCe and SVOCe are the only organic canpounds 
detected in groundwater eamplee from the site. Other organic campounds analyzed 
in groundwater samples include pesticides, PCBs, herbicides, dioxins, andfurans. 

2.2.4 Inoraanic Constituent@ Table 2-7 sunrmarizee inorganic analytical &ta for 
the RF1 groundwater monitoring program. The first sampling event for the RF1 
program was conducted approximately 1 week after well installation was completed. 
The inorganic data associated with the firet sampling event are suspected of 
being influenced by non-equilibrium conditions following well drilling and 
installation. This non-equilibrium condition is attributed to disturbance of the 
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Table 2-6 Summary of Organic Analysis of Groundwater Samples Collected frcnn 
fnterim Measure Recovery Wells - I?ovember 1993 

Vofrtilr Organic capavdr 

Acetone 

Nuuule 

t-gutmone methyl ethyl kotono) 

Chloratmzene 

l,l-Dfchloroethsne 

?,l-Dfchloroetherm 

1.2~Dichloroethene (total) 

Ethylbenzene 

2-Hcmnone (methyl butyl ketone) 

Mcthylm chloride 

4-Methyl-2-pentanone 

Trtrachlororthene 

Toluene 

Trich(orocthent 

Xylcnes (total) 

Vinyl chloride 

Smivo~etitc organic conpounds 

Phenol 

2,4-Dimethylphed 

2-Methylphenol 

4-Methylphenol 

Dicthylphthdate 

Naphthalene 

NA 4/G 
5 4/4 

NA l/b 

loo 2/4 

IA 3/4 

7 l/4 

70 4/4 

700 414 

WA l/4 

5 414 

NA 2/4 

5 l/4 

1,000 4/4 

5 214 

IO, 000 4/4 

2 3/4 

NA 

WA 

NA 

WA 

WA 

3/4 

l/4 

l/4 

3/4 

4/4 

10 - 190 

1-4 

190 

2 

2 - 31 

2 

9 - 1,200 

3 - 65 

40 

2 - 18 

250 - 1,400 

4 

6 - 95 

2-44 

2 - 61 

2 - 44 

2 - 28 

26 

16 

15 - 340 

4 - 11 

NA 

Of4 

NA 

o/2 

w 

O/l 

214 

o/4 

WA 

t/4 

NA 

O/l 

Q/4 

l/2 

O/4 

3/3 

WA 

WA 

NA 

WA 

WA 

NA 2/4 2 - 15 WA 

pg/l = microgrmns pr 1 tter 
MC1 - Maxfnun Contaminant Level 
NA = Not Applicable 

1 The total nmber of sonples fncludes those scnples that contained at least me or more volatile organic 
CUlQOWldS. 
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Table 2-7 Sumnary of Inorganic Analytical Data for the RF1 Groundwater Monitoring Program at Site 11 

Non-filtered Gromduatcr Filtered Grounbrter 

Ant bony 

Analyte Ml. (rs/l1 

Arsenic 

Bariun 

Beryllim 

Ca&aiun 

Chromiun 

Cobalt 

Coppcr 

Lead 

Mercury 

Nickel 

Seleniun 

Silver 

Thallium 

Vanadiua 

Zinc 

Cymi& 

Sutfide 

TN 

TSS 

Concentrations (pg/l) Frequency 
Above MC12~3 

No. Locat ms 
High 

Frcqucncy 
AboveBCL i 

Concentrationa (&l) 
low Lou Nigh Above ltCL3 

6 (11.1) (11.4) f2/2) o/o (2) 0 ND No o/o 

50 

2,000 

4 

5 

100 

NA 

1,300 

15 

2 

100 

50 

NA 

2 

IA 

NA 

200 

NA 

MA 

NA 

1.1 

11.1 

0.26 

1.3 

a.1 

1.6 

3.1 

2.9 

0.11 

5.7 

0.55 

1.5 

1.6 

5.4 

17.3 

0.90 

100 

16 

92 

(89) 10.3 (l/34) O/27 

(617) 158 (O/54) o/45 

(10.2) 4.0 (6/51) l/42 

7.1 (l/8) l/7 

(6201 157 (12/45) 4/M 

(16.8) 6.1 NA 

(384) 239 (O/48) O/42 

87.2 (16/53) 0/44 

4.1 (2/26) l/f8 

(107) 89.1 (l/29) O/20 

(26.0) 6.4 (O/33) O/25 

10.1 NA 

1.6 (O/11 O/l 

(314) 82.5 IA 

555 NA 

26.2 (O/15) O/l2 

(3,400) 2,900 NA 

2,110 WA 

(6) 1 

(1) 1 

(8) 3 

NOn 

NOIM? 

(8) 6 

(2) 1 

(1) 0 

NOIE 

NOn 

0.68 

4.4 

0.24 

2.8 

2.6 

1.8 

2.6 

0.98 

10 

6.5 

MO 

2.0 

m 

1.4 

8.4 

1.1 

100 

2.5 o/12 

37.9 O/U 

0.25 o/2 

3.9 o/5 

9.0 O/4 

2.9 NA 

52.4 b/13 

10.1 O/M 

m o/o 

11.0 O/4 

No o/o 

2.5 NA 

m o/o 

6.2 MA 

77.0 MA 

3.7 o/10 

300 “WA 

not AMlyzed 

1.090 NA None Mot AMly%ad 

IkIteS: fig/l = mfcro9rm per lfter TDS = total dissolvad solids 
BCL =BaxiuContrinMt Level TSS = total suspended solids 

' If the high concentration for the six srrpling events occurred in sample event 1, 
not occur &ring srrple event 1. 

it is shown in parentheaea, otherufse the high concentr8tian did 

f Nubers in parenthem indfcete -t-y of saaple events 1 through 6. 
Wudxr of detectiana above WCL/total n&m of detections. 

Nwbers without parentheses indicate surry of rrplc evmts 2 throwh 6. 

Starr: ABB-ES, 1993a. 



aquifer resulting fran drilling. The high concentrations shown for unfiltered 
groundwater samples include the data for the first sampling event in parentheses, 
if the high concentration was associated with the first sampling event. On Table 
2-7, the frequency of detections above an MCL and the number of locations where 
MCLs were exceeded are sumarited by presenting sampling events 1 through 6 in 
parentheses and sampling events 2 through 6 without parentheses. 

The data rununarited in Table 2-7 can be evaluated for bias associated with non- 
equilibrium conditions during the firm rample event. Chranium, for instance, 
was detected at a high concentration of 620 cg/l during the firm+ sampling event, 
but the high concentration detected during the following five saapling events wae 
157 jig/l. Additionally, chranium was detected at concentrations above its MCL 
of 100 cg/l in eight groundwater samples collected during the first sampling 
event, but only in four groundwater samples collected during the following five 
sampling events. 

Inorganic8 detected above MCLe during the second through sixth groundwater 
sampling events include beryllium, cadmium, chranium, lead, and mercury. 
Beryllium, cadmium, and mercury were each detected above MCLe in one groundwater 
sample. Lead and chromium were detected above MCLs in eight and four groundwater 
samples, respectively. 

Table 2-8 eunwmrizes inorganic analytical data for groundwater samples collected 
from monitoring well KBA-ll-1OA and recovery well KBA-RW-01. Similarly, Table 
2-9 summarizes inorganic analytical data for esmplee collected fran four recovery 
wells, KBA-RW-01 through KBA-RW-04. None of the inorganic concentrations exceed 
MCLs. 
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Table 2-8 Smry of Analytical Data for Sample8 Collected for Pretreatment 
Evaluation 

Analyts 

KBA-11-10 m-11-10 KBA-RW-01 
Unfiltered Filtered KBA-RW-01 Duplicate 

7-l-93 7-l-93 10-26-93 10-26-93 
be-l) k?r/l) bw/l) bsfll) 

Aluminum 

Ant bony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 
See notes at en0 ot tame. 

- -~-.- 

32,800 

20.2 u 

9.2 J 

87.1 J 

0.61 J 

2.6 U 

71,800 

24.2 

4.8 u 

8.7 J 

55,600 

3.9 

17,400 

434 

0.41 

11.7 J 

16,200 

3.4 J 

2.4 U 

10,600 

1.6 J 

19.0 J 

I.33 

272 

20.2 u 

2.9 J 

53.3 J 

0.41 J 

2.6 U 

68,200 

2.5 U 

4.8 u 

2.6 J 

47,500 

1.4 J 

17,500 

405 

0.08 J 

9.2 u 

12,700 

1.6 U 

2.9 J 

10,800 

1.3 u 

2.0 u 

20.9 
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Table 2-8 (Continued) Suumazy of Analytical Data for Samples Collected for 
Pretreatment Itvaluation 

ImA-11-10 KBA-11-10 KBA-RW-01 
unfiltered Filtered KBA-RW-01 Duplicate 

7-l-93 7-l-93 10-26-93 10-26-93 

Alkalinity (ae Cad) 296 

Hardneee, Total (ae CaQ) 251 38 39 

Total Dissolved Solids 319 178 172 

Total Suspended Solids 510 2.7 9.8 

Volatile Suspended Soiide 174 

Total Volatile Solids 619 

Total Solids 830 

Chloride 1.9 

Sulfate 26 

65 65 

Sulfide 1.1 

Ammonia (ae N) 18.0 

Nitrate and Nitrite (ae NJ co.02 

Kjeldahl Nitrogen (as N) 18.9 

BOD (5 day) 14.3 

BOD (20 day) 33 

COD 200 

Grease and Oil Li-Li 18.0 

TOC - Liquid 54.6 22.5 19.6 

Yotea: 

Boo 
CaCQ 
COO 
J 
rm/ i 
m/k 
N 
Tot 
U 

= biochamical oxygen damand 
= calcium carbonate 
= chaical oxygen danand 
= cstimatod concentration 
= micrograms per liter 
= milIigruBa per Liter 
= nitrogen 
= total organic carbon 
= not dstccted 

The list uses a different measurement increment starting with aIkaLinity. 
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Table 2-9 Summary of Inorganic Analyeie of Groundwater Sampler Collected fran 
Interim Measure Recovery Well6 - mvember 1993 

Amtyte Ottrcctmd 

Alminun 

Arsenic 

Bariun 

Beryl I fun 

Calciun 

Chromiun 

copper 

1 ron 

Lead 

Hagnesiwn 

Manganese 

Nickel 

Potassium 

Sodiun 

Vanadi un 

Zinc 

Cyani de 

Sulfide 

WA 

50 

2,f=l 

4 

NA 

100 

1,300 

NA 

15 

WA 

WA 

100 

NA 

WA 

WA 

NA 

200 

WA 

4/4 

4/4 

4/4 

l/C 

4/4 

4/4 

l/4 

414 

2/b 

4/4 

w 

314 

4/4 

414 

w 

4/4 

314 

w 

Ccmcmtrrti5n 
Rmse +@/I) 

478 - lQ,600 

1.2 - 5.5 

32.4 - 94.9 

0.80 

5,6ao - 13,500 

3.4 - 17.4 

4.5 

1,110 - 6,780 

0.46 - 5.4 

2,740 - 6,260 

35.4 - 92.1 

9.5 - 10.7 

3,700 - 24,400 

36,900 -47,000 

2.7 - 14.4 

13.5 - 823 

1.9 - 2.1 

1.8 - 22.7 

NA 

Q/4 

o/4 

O/l 

NA 

O/4 

O/l 

WA 

O/2 

NA 

IA 

Q/3 

NA 

WA 

WA 

WA 

O/3 

NA 

. . 

I% :: ,I 

Motes: 

r9/ 1 = micrograms prr Liter 
MCL = Uaxinm Contaminant Level 
HA = Not Applicable 

1 The totaL mm&r of samples includes those smples that contained at least one or more inorganic anatytes. w 

.- *.. 
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3.1 TRRATMERT SYSTEM. The treatment system will collect, treat, and discharge 
water extracted fran the surficial aquifer by the pilot-scale GWR ByBtem, aa well 
as other fluids generated during the Phase I installation and operation 
activities. The streams that will be treated by this system include: 

. groundwater from the recovery wells, 
a vehicle and equipment decontamination water, 
. treatment area spills, leaks, and washdown water, 

l process area storm water (if contaminated), and 
. water from preliminary aquifer pumping test(s) and well development. 

Flow through the treatment system is expected to b8 approximately 40 gpm. The 
actual flow rate will depend on optimum flow rates from each of the recovery 
wells and actual flows from the decontamination pad and treatment pad sumps. The 
maximum design flow for the pilot-scale treatment system will be 60 gpm, 
providing additional capacity for additional recovery wells or storm water a8 
needed. 

An air Bparger will be used to treat the groundwater prior to discharge. The air 
sparger, an air stripping technology, is a diffused aeration system where a 
blower directs air into a tank of contaminated water through diffusers that 
produce coarse bubbles. Water enters the tank through a spray pipe at one side 
of the unit. As the water is aerated, the contaminants are transferred to the 
air bubbles. Exhaust air is released through a vent at the top of the tank. For 
this system, the water will travel through eight consecutive stages of aeration. 
The exhaust air is collected in a header and is transferred to a carbon 
adsorption Bystem for treatment before discharge to the atmosphere. 

Groundwater extracted by the GWE system will contain VGCs. All the constituents 
found in the groundwater that are present at concentrations of concern, listed 
in Table l-l, are readily volatilized by air sparging and can be reduced to 
concentrations belowMCLs, includingl,l-dichloroethane, cis-1,2-dichloroethene, 
1,2-dichloropropane, trichloroethene, methylene chloride, benzene, and vinyl 
chloride. 

&j A Process Flow Diagram is provided as Figure 3-1. 

3.1.1 Pretreatment Tank Groundwater from the recovery wells, syetem wastewater 
and storm water will be discharged to the pretreatment tank. The pretreatment 
tank will provide equalization of the influent stream8 to minimize possible 
variations in flow rates or water quality and, therefore, maximize the efficiency 
of the treatment system. Assuming a process flow rate of 60 gpm, the 1,500- 
gallon, carbon steel tank provides a 25-minute retention. Retention time will 
increase with decreases in flow rate. Water from the pretreatment tank will 
gravity flow to the air sparger. A Piping and Instrumentation Diagram is 
provided as Figure 3-2. 

Liquid level indicators and switches in the pretreatment tank will control the 
operation of the recovery well pumps. A high liquid level in the pretreatment 
tank will activate an alarm and shut off the recovery well pumpe. The level 
switch will have a time delay to restart the pumps to avoid excessive cycling of 

KB NSB [LAS 8503.0041#030/93.mlv 3-l 



c / 

r --a- ---------------- 

? 
em 
--“DC \ 

r -- 
I 4 

1 I 
I 

c- ---- a?n,rl 

\ 
” 

9. 

Q 
I -m I--FG--1 I 

j j-e&- 

ICI -.-I zz izw- 



; :’ -c se-* i ---w.w----M-- 

“i 

---------w--------*T 

J 

1 

I 

;l I 
. 

I ii I 

-+--- 
,I I 
I I I 

1 KB IBB LAB Bso3.oB41~/93.m1v 3-3 
FIGURE 3-2 



the pumps. A high-high level in the air sparger will also shut off the recovery 
well pumps and activate the alarm. 

3.1.2 Air SDaruer In the air sparger, air is released in to the water through 
diffusers that produce coarse air bubbles. The diffusers are made of polyvinyl 
chloride (PVC) pipe with holes located on the underside of the pipe placed in the 
water of each of eight (8) aerated canpartments. An air to water ratio of 
between 50 and 100 to 1 can be used by regulating air flow from the blower to the 
sparger with an inlet damper. The air flow rate must be optimized to provide 
enough aeration to volatilize the contaminants in the water and minimize vapor 
phase carbon requirements. 

A low level switch in the air sparger sump will shut off the effluent pump. The 
level switch will have a time delay to restart the pump to avoid excessive 
cycling of the pump. A high level in the eump will shut off the recovery well 
pumps and actuate an alarm. 

The effluent pump will discharge treated water to the base's sewer system, 
pending approval. Connection to the system will be made at a manhole located 
near the IM treatment system. Effluent will be monitored for compliance with the 
performance standards as outlined in the Monitoring Plan, Section 6.0. Effluent 
from the air sparger can be diverted to a storage tank for retreatment and 
recycled through the pilot-scale treatment system if the system is not meeting 
performance criteria. Recovery well pumps can be turned off until the system is 
functioning properly. 

Air sparger vapors will be collected from each stage in a header system that will 
divert all vapors to the vapor carbon system. 

3.1.3 Vanor Treatment Based on maximum concentrations of VOCs found within the 
groundwater during previous studies and assuming 100 percent volatilization, the 
total organic maximum emission rate from the air sparger will be less than 0.19 
pounds per hour. A carbon adsorption unit will be installed for treatment of 
VOCs in the vapor effluent before emission to the atmosphere. Air monitoring of 
the air sparger and stack emissions will be performed and recorded throughout the 
operation of the pilot-scale test as outlined in Section 6.0. 

3.1.4 Ex Situ Bioloaical Treatment The pilot-scale mRBC reactor and ancillary 
equipment will consist of an equalization tank, the mRBC unit, a methane/oxygen 
monitoring and control unit, a nutrient delivery system, and a pH control system. 
A piping and instrumentation diagram for the pilot-scale mRBC is provided as 
Figure 3-3. 

The pretreatment tank will be used as a feed tank (T-l) to supply groundwater to 
the mBRC. A metering pump (P-1) will transfer the contaminated groundwater at 
a set flow rate (24 hours per day, seven days per week). Atotalizing flow meter 

will be used to monitor flow rate. 

The pilot-scale mRBC unit will consist of a 80-inch by 30-inchby 25-inch (length 
by weight by height) aluminum tank with internal baffles separating the reactor 
into four compartments. Contaminated groundwater will enter the first 
compartment and pass through each compartment via external orifices or internal 
openings in the compartment walls. 
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A central shaft supporting corrugated plastic media on which microorganisms 
attach and form a biological film will be rotated. The rotating shaft and 
plastic media will be partially submerged in the liquid phase of the reactor, 
which allows contact between the microorganisms, methane, oxygen, contaminants, 
and nutrients. 

To protect the reactor from excessive pressure, each reactor canpartment is 
equipped with a pressure relief valve venting to the atmosphere. 

The metering pump (P-2) will transfer nutrients from a 250-gallon nutrient tank 
equippedwith amixer (Y-l). The nutrient solution will be prepared periodically 
by mixing weighed amounts of dry nutrients and water. 

The pH of the reactor contents will be adjusted when necessary to maintain a pH 
in the range of 6 to 8. A metering pump (P-3) will receive a signal fran the pH 
controller and pump sodium hydroxide fran a 55-gallon drum to the first 
compartment of the reactor as required. 

The effluent from the ml?BC! will gravity flow to an open top drum and then 
transfer to the air sparger by a submersible pump equipped with a float switch. 

3.2 DISCHARQE. Liquid effluent fran the air sparger will be collected in the 
air sparger sump. A totalizing flow meter will be placed at the air eparger 
effluent. Instantaneous and daily flow rates will be recorded throughout the 
operation of the system. The effluent pump will discharge the pilot-scale system 
effluent to a manhole for the base's LAS, pending approval from the city. 
Conveyance of the fluids will be through 3-inch PVC pipe. One hand-operated gate 
valve will be installed in the effluent line to isolate the system when 
necessary. 
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PILOT SCAL8 OP8RAT Oq 4.0 B I 

4 .l oRomIDwATm UTRACTIW . The pilot-scale test operations include three 
stages of aquifer pumping from first one recovery well, then two wells, and 
finally all five wells. Diecharge from the recovery welis will be maintained at 
a constant flow rate during each of the three phases. Flow rates will be 
measured for each well using the respective totalizing flow meters to record 
successive cumulative flow readings over a set interval. 

The first stage of the pilot-scale test operations will be conducted by pumping 
from a single recovery well for 8even days. Preliminary estimates of flow are 
expected to be approximately 10 gpm. This pumping test will provide hydraulic 
data for the evaluation of aquifer parameters, boundary conditions and 
anisotropic effects, and the effective capture zone. 

At completion of the first pumping stage, a recovery phase test will be conducted 
to allow the surficial aquifer to reach equilibrium. No groundwater will be 
extracted during this phase. Water from previous pump tests that has been stored 
may be treated during this time. 

The second stage of the pilot-scale test operations will be conducted by pumping 
from two recovery wells for a period of seven days following the single well test 
recovery phase. Preliminary estimates of flow are approximately 17 gpm. The 
third stage of the pilot-scale test operations will be conducted by pumping from 
all five recovery wells. Starting of the pumps will be staggered at timed 
intervals and synchronized with the hydrologic data logger unit(s) and set at 
constant flow rates. Preliminary estimates of flow are expected to be 
approximately 7 to 12 gpm from each well. 

This pumping test will provide hydraulic data for evaluation of the effectiveness 
of multiple recovery wells for the extraction of WC-contaminated groundwater and 
the actual capture zone caused by five discharging wells. 

4.2 AIR SPARGRR TRA?Av SYSTNM . 

hi 

F! 

Following installation of the equipment, the recovery wells will 
discharge to the pretreatment tank. Initially, only one or two recovery well 
pumps will be started. Also, a hose will be connected to the recycle taps, and 
the effluent valve will be closed to allow recycle of the process stream until 
verification is received that discharge criteria can be met. 

The pretreatment tank will fill to the height of the discharge nozzle, which will 
allow the feed stream to fill the air sparger via gravity flow. 

As water enters the air sparger, the blower will force air through the air 
sparger and the carbon induced draft (ID) fan will pull the air sparger effluent 
vapors through the carbon adsorbers. 

once steady state has been reached in the recycle mode, samples will be collected 
to determine the quality of the effluent. If the effluent meets the discharge 
criteria, the discharge valve will be opened to allow the water to discharge to 
the treatment works. The treated effluent will be analyzed hourly for 
performance criteria (Subsection 1.3) until steady state is reached. 

S‘ 
:- 
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Feed fran the recovery well pumps will be slowly increased until steady state is 
reached. If the process pumps are cycling too often at steady state, the ball 
valves at the discharge of the process pumps can be closed slightly to induce a 
pressure drop and to reduce flow where needed. 

During Phase I, a minimum of one operator 
per shift will be on-site to operate and monitor the treatment system 24 hours 
per day. The operator will also bs responsible for operating the GEE system and 
various other on-site duties. The system may be retrofitted to minimize operator 
requirements during the continued operation of the system (Phase I Continuance). 

PuswE During normal operation, the recovery well pumps snd process pumps will 
be on automatic operation. Bach pump will shut down at low level and restart 
either with deactivation of the low level switch or with a high level switch. 
Bach pump is operated with a Hand/Off/Auto switch that enables the operator to 
operate the pump in each mode. 

sir The process water enters the air sparger through a spray Pipe at one 
side of the unit that disperses the water evenly across the first stage of the 
unit. The water travels through eight separate stages of aeration before 
discharge from the unit. Air is released from the blower into the bottan of each 
stage through detachable perforated PVC piping. Exhaust air exits the stages and 
is pulled by an induced &aft to the carbon unit. The water is discharged to a 
sump that is an integral part of the sparger and the effluent puxrp transfers the 
water to the discharge point. 

The air sparger sump is equipped with a high and low level switch. Low level in 
the sump will shut off the effluent pump. The pump will restart either with 
deactivation of the low level switch or with a high level switch. High-high 
level will shut off the recovery well pumps and activate the alarm horn. 

The blower is equipped with a low flow switch to shut off the blower and to 
activate the horn on low flow conditions. 

Carbon Unit Before reaching the carbon adsorber, the vapor stream will be heated 
by the preheater to reduce the humidity of the stream. The vapors fran the air 
sparger will be pulled through the preheater and carbon adeorber by the cadwn 
ID fan. VOCs transferred fran the groundwater to the vapor stream in the air 
sparger will be adsorbed by the carbon before discharge to the atmosphere. To 
ensure that particulate is not entrained in the vapor effluent, the adsorber will 
be operated in the downflow configuration. 

The carbon adsorberts) will be connected with flexible hoses to simplify 
changeout procedures. The carbon treatment unit will include eight canisters of 
carbon, each canister being 55 gallons in volume. The eight canisters will be 
arranged such that four canister8 are in parallel and are primary treatment 
units. The other four unit8 are connected in series and act as backup to the 
primary units. The life expectancy of the primary units will be calculated based 
on 100 percent volatisation of VOCs detected in groundwater samples fran the 
pretreatment tank. Air samples will be collected from the discharge of the 
primary carbon units once per week and will be analyzed for VOCs in the on-site 
laboratory. The data for each sample event will be evaluated to determine if the 
primary carbon unit is saturated. The primary carbon canisters will be removed 
when saturation is indicated by air sample analytical data or no later than the 
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end of the calculated life expectancy. The backup carbon canisters will be moved 
to the primary position and new canisters placed in the backup position. 

After the Phase I treatment operations and prior to the Phase I continuance, a 
schedule will be established for replacement of the primary carbon canisters. 
The schedule for replacement will be based on the results of the air samples 
discussed in the paragraph above or will be the calculated life expectancy. 

4.2.3 Disc- If approval is granted by the base, the effluent pump will 
transfer treaud water to the LAS via a manhole located near the IM treatment 
system. 

Effluent from the system will be sampled daily for the duration of the Phase I 
operations and analyzed on-site as detailed in the Monitoring Plan (Table 6-l). 
If at any time effluent does not meet discharge criteria, effluent can be 
diverted temporarily to the 20,000-gallon storage tanks. If the storage tanks 
are full, then the recovery well pumps can be shut off, and the system can be 
placed in recycle mode until the treatment system adequately treats the 
groundwater for discharge. After the initial pilot-scale testing stage (Phase 
I) and development of a strong database of groundwater and system effluent 
quality, sampling will be reduced to weekly off-site analysis of WCs, metals, 
and selected engineering treatability parameters. 

4.2.4 Alarm Conditions Each pump will shut down at low level and restarted 
either with deactivation of the low level switch or with a high level switch. 
High-high level switches will activate the horn to alarm the operator to check 
the system. Tankage is not totally enclosed and the operator must correct the 
downstream problem that is causing a system backup, or must adjust pumping rates 
to prevent overflow conditions. Containment is provided around the entire 
process system. 

If the air sparger blower is shut off on low flow, the horn will be activated. 
A scale buildup around the air sparger diffuser piping can cause a low flow 
condition. 

4.3 ROTATIWG ElIOL~CAL COWTACTOR . An mRBC reactor designed to promote 
biological degradstion of organic compounds in groundwater will be used to 
evaluate full-scale treatment potential. The mRBC will be monitored continuously 
and chemical addition functions will be manually adjusted as needed. 

Groundwater will be continuously pumped from the pretreatment tank through the 
mRBC reactor. Mineral nutrients will bs added to the passing groundwater from 
the nutrient delivery system. Methane, the carbon source for the methanotrophic 
bacteria, will be continuously monitored and supplied to the mFJBC system using 
the methane/oxygen analyzer and control system. Oxygen required for biological 
degradation of VOCs will also be monitored and regulated in the mREC reactor 
using the methane/oxygen analyrer and control system. Groundwater pH will be 
monitored and controlled using a pH control system. The biologically treated 
water will be discharged to the air sparger before discharge to the sewer system. 

4.4 STORM WATER UANAGEMENT. Process area and decontamination pad storm water 
will be collected in the respective sump and processed through the treatment 
ByBtMll_ If there are no activities being conducted that require use of the 
decontaminationpad (i.e., well drilling, excavation) and the decontamination pad 
has been cleaned since its last use, storm water will be discharged to the ground 
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surface. Containment for the tanks and process equipment has been designed in 
accordance with 40 CPR 264 Subpart J and I. The containment has sufficient 
excess capacity to contain run-on or infiltration fras a 25-year, 24-hour 
rainfall event. The floor of the containment area will be sloped to the 
treatment pad sump. 

All rainfall events will be recorded. Excessive rainfalls will be transferred 
from the sump8 to a storage tank. The storage tank will be sampled and snalyxed 
on-site to determine if treatment is needed or if direct discharge is possible. 

. An evaluation of the hydraulic and chemical 
data collected during the IM installation and start-up activities will be 
performed following the initial 45-&y pilot-scale testing period. The 
evaluation will be of the canponents of the GWB and treatment system including: 
the groundwater extraction system, the conveyance system, the air sparger 
treatment system, the mRBC system, and the discharge permit and options. These 
systems will be evaluated for their ease of implementation, effectiveness in 
meeting remediation objectives, cost effectiveness, and schedule constraints. 
Additionally, other technologies and discharge options will be evaluated, as 
appropriate, for meeting remediation objectives. These evaluations will be 
compiled into sn Evaluation and Recommendations Report. Purther definition of 
the Engineering Evaluation Plan is provided in the Interim Measure Work Plan for 
IIf.1 Phase Ac$ I ivitu (ABB-ES,1993b). 

4.5.1 Graundwster Bxtrac?fon &stsm Evslusticq Evaluation of the GWB system 
includes the interpretation and assessment of hydraulic and chemical data 
collected during the initial aquifer pumping test, pilot-scale start-up 
activities, and pilot-scale test operations, These data will be used to evaluate 
aquifer parameters, well performance characteristics, and optimum extraction 
methodologies for the full-scale GWE/Treatment system IM. Evaluation of the 
pilot-scale test start-up activities includes analysis of the well performance 
tests from each of the recovery wells and interpretation of background monitoring 
data from within the surficial aquifer. Evaluation of hydraulic data from the 
three pumping stages and recovery phase of the pilot-scale test operations 
includes: (1) analysis and interpretation of the hydraulic head data that 
support delineation of the actual capture zone, and (2) analysis of the 
variations in the waste-stream flow fortreatmentprocessperformance monitoring. 

A computer-based analytical flow model will be used to assess additional GWE 
wells linked to the pilot-scale GWB system for the purpose of full-scale system 
reccssnendations. This will allow evaluation of the impact and effectiveness of 
additional wells in the system, by adding recovery wells at other locations 
within the plume or adding horizontal collector wells to control VOC plume 
movement. During the modeling and the continued operation of the GWE system, 
additional operational data will be collected to confirm Phase I results. 

4.5.2 Conveyance Svstem Rvaluation The conveyance system, including piping 
layout, materials of construction, fittings, valves, flow meters, well headers, 
and well vaults will be evaluated for long-term effectiveness and cost. 

4.5.3 Treatment System Evaluation Treatment system influent and effluent 
concentrations, removal efficiencies for the constituents of concern, flow rates, 
and vapor emissions will be monitored throughout the pilot-scale test (Phase I 
activities) . These parameters will be evaluated against performance criteria for 
the treatment system. The ability of the treatment system to meet performance 
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criteria at higher full-scale operation flow rates andmodification requirements 
will be evaluated. The evaluation will include an evaluation of applicable 
technologies and cost estimate8 for long-term full-scale (Phase II) qperation. 
The influent VOC concentrations will be evaluated and the poseibility of 
discharging without treatment during the full-scale IMwill be considered. Full- 
scale metals and carbonate removal, vapor treatment, and overall operating and 
maintenance requirements will be evaluated. 

The parameters to be monitored for the IM treatment system evaluation include: 

1) Air Sparger - 
l Efficiency (influent and effluent VW concentrations) 
. Corrosion and/or scaling problems, especially at diffusers 
. Blower operation 
. Capacity for additional flow 

2) Vapor Treatment - 
. Efficiency (influent and effluent VOC concentrations) 
l Blower operation 
. Capacity for additional flow 
. Carbon usage rates 
. Carbon costs and disposal costs 
. Change-out frequency and method 

3) Pumps- 
. Discharge pressure 
. Cycling due to level switch placement 
. Capacity for additional flow or head loss 

The Rotating Biological Reactor will be evaluated for applicability as a full- 
scale (Phase II) remediation technology. Parameters to be monitored (with 
respect to controlled hydraulic loading rates) for this evaluation include: 

. VOC degradation rates, 
0 methane utilization rates, and 
. sludge production rates. 

4.5.4 Inutruslgatgtfon Q89 Contro&I In addition to the instrumentation and 
controls evaluated ae part of the system performance evaluation, extraction well 
instrumentation and controls will be evaluated for accessibility and value of 
information received. Requirements for additional control, indication, or 
recording abilities will be evaluated for full-scale implementation requirements. 

4.5.5 Dl8charao Pemit/Obtm Bstimated full-scale system flow rates and 
constituent concentrations will be evaluated for long-term discharge to the LAS. 
The USBPA Fate and Treatability Batimator for Discharge to POTWs (USBPA, 1990) 
(USEPA Fate Model) will be used to evaluate whether discharge to the LAS will 
adversely affect the facility's operation or effluent quality. Alternatives such 
as discharging through a National Pollutant Discharge Elimination System (NPDBS) 
permit will be evaluated. 
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The Evaluation and Recamendatione 
Report will incorporate results of the evaluatione diecueeed above and will 
recamnend a full-scale syetem (Phase II) for implementation a8 an IM. The final 
report will be suhnitted to Georgia Environmental Protection Division for 
approval. 
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A two-dimensional semi-analytical model, the Qeneral Particle Tracking Module 
(GPTRAC) of the USEPA’s Well Head Protection Area (WHPA) delineation code, has 
been used to illustrate the movement of a "slug" of contamination within or 
around the capture xone of the groundwater extraction tills. WHPAs are defined 
as the surface and subsurface area surrounding a water well or wellfield through 
which contaminants are reasonably likely to move toward and reach such water well 
or wellfield. 

The WBPA model delineates capture zones of pumping wells using the particle 

tracking technique. The term aparticlem is used only for conceptual purpooes. 
A particle may be viewed as an individual water molecule or an individual 
molecule of a conservative tracer that moves through the aquifer coincident with 
the bulk movement of groundwater flow; dispersion and diffusion do not affect the 
particle location. 

Time-related capture zones are obtained by tracing the pathlines formed by a 
series of particles placed around the well bore of the pumping well. The 
particle tracking method requires knowledge of the groundwater flow velocity at 
any point within the aquifer. Once velocities have been determined, pathlines 
may be delineated using particle tracking. Forward tracking is performed to 

determine if particles that are released upgradient of a well will be captured 
by the well. 

The assumptions and limitations associated with the model are: 

. the groundwater flow field is at equilibrium (steady state), and 

. the flow in the aquifer must be two-dimensional in the horitontal 
plane; vertical flow canponente are neglected. 

Slugs of contamination or chemical variations of the groundwater can be 
represented as particles transported by advective movement through the aquifer. 
GPTEAC models the movement of particle(s) of constituents through the recovery 
wells' capture zones using analytical velocity computation techniques. Distance 
traveled, therefore, is time-dependent. 

Several plots of the five-well recovery system and its effective capture sane are 

provided as Figures 5 -1 through 5-5. These show the movement of Wolugsn of 
constituents fran seven arbitrarily eelected locations within the plume. 
Particle #l in each figure represents a particle within the zone unaffected by 
the groundwater extraction system or the baseline particle movement. The 
projected particle pathway for each model duration (7 daye, 30 days, 90 days, 1 
year, and 5 years) is shown to begin at the indicated circles. The pathways 
which appear ae dots in the shorter durations are actually lines indicating 
travel distances. 

The modeling shows that due to the relatively low seepage velocity within the 
aquifer, current inveetigatione of the groundwater qualitywillbe repreeentative 
of groundwater quality for the duration of the initial operations of the IM. 
Plume characteristica are expected to chmge slowly; however, the changes during 
the initial operations of the IM will be gradual enough for weekly monitoring to 
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be sufficient to detect and reepond to the changes. Due to the low groundwater 
velocity as depicted by the rhort dietance traveled by a particle in the 'I-day 
and the 30-day modele, sufficient time will be available to respond to any 
indication of change in plume characterieticr. Vinyl chloride will be the 
greatest indicator of change in plume characterieticr since it is a degradation 
product for many organice. 

Drastic changes in groundwater cheadmtry or contaminant concentrationa due to 
pumping that would require rapid operational monitoring or retention are not 
expected. 
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6.0 HGhITORI#G S'W 

ii 

pt? 

. The intended uses for the data obtained during 
luate the use of groundwater extraction as a means 

to hydraulically control VGC plume movement; (2) to meaeure the efficiency of air 
sparging as a viable option to remediate VGCe from the groundwater while ensuring 
that treatment performance standards and discharge criteria are being met; and, 
(3) to measure the efficiency of u rrf tu biological treatment technology aa an 
alternative option to remediate VGCe from the oundwater. Further definition 
of the Monitoring Plan ia provided in the * I Old Camden Countv rgndfill~ WB-ES, 1993bI. 

~-2.1 mrdr~&torinq During the operation of the treatment facility, 
specific hydraulic data will be collected and monitored. Periodic meaeurements 
of flow rates and total flow, in gpm, will be taken frun each recovery well. 
Precipitation events will be monitored using rain gauges indicating when the 
event occurred, duration of event, and the quantity of rainfall that fell. 
Barometric pressures during the tests will be recorded by a gauge linked to one 
of the data loggers. 

6.2.2 Ooeratione Honitorhxt During the pilot-scale operation, specified 
locations will be sampled to observe the concentrations of constituents caning 
into and out of the treatment facility. In addition, samples of process water 
from specific pieces of equipment will be sampled periodically to monitor the 
efficiency of the system components. Locations to be sampled are listed below. 

. Pretreatment tank (system influent) 

. Air sparger effluent (water) 

. Air sparger effluent (vapor) 

. Primary carbon unit effluent (vapor) 

. Stage I (single well OWE test) - sample tap at manifold of recovery 
well 

. Stage II (two well GWB teat) - sample tap at manifold of each 
recovery well 

. Stage III (five well OWE teet) - sample fran pretreatment tank 

. Phase I Continuance (Stage III continued) - sample franpretreatment 
tank 

; 

i 
t 
L.- 

Refer to Tables 6-l and 6-2 for operations monitoring schedule. 
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Table 6-l Phase I and Phaee I Continuance Operatione Monitoring Schedule 

al *it 
mling beetim f- &lsLysis off site J Y 

Pretreatment lank 

PrctrcDtmnt Tank 

Air Stripper Effluent (water) 

Air Stripper Effluent Water) 

Air Stripper Effluent (vapor) 

Stack Effluent (vapor) 

Primery Carbon Unit Effluent (vapor) 

Initial Ptnping Test 

Stage I P-OIA, drawdown 

Stage I P-OIA, draudoun 

Stage I P-OIA, single well pwping 
test 

Stage I P-OIA, single well puping 
test 

Stage 1 P-OIA, single well pmping 
test 

Stage II P-OIA 8 8, tuo uell puping 
test 

Stage II P-OIA 8 B, two well purping 
test 

Stage III, five well pumping test 

Stage 111, five well punping test 

Phase 1 Continmnca 

Air Stripper Effluent (water) 

Pretreatment Tank 

l/day 

1 every other mk 

l/day 

l/Week 

l/week 

l/day 

l/neck 

l/event 

l/day 

llevent (Qy 5) 

r/day 

l/event 

Z/event 

l/day 

l/wnk/weI I 

1 every other day 

l/week 

l/week 

1 every other week 

Volatile8 

Metals, ETPs 

Volatiles, ptl 

TSS, BOO 

Voletiles 

Volatiles 

Volatilea 

Volatiles, Metals, EfPs 

Volatiles 

TCL, TAL, ETPs 

Volatilea 

Metals, ETPs 

TCL, TAL 

Vol8tiles 

TCL, TAL 

Volati les 

TCL, TAL 

Volatiles 

Metals, Selected ETPs 

On site 

Off site 

On site 

Off site 

On site 

On site 

On site 

off site 

On site 

Off site 

On site 

Off site 

Off site 

On site 

Off site 

On site 

Off site 

Off site 

Off site 

Notea: 

acn = biochemical oxygen demand 
ETP = engineering treatability parmeters, as indicated in Table 6-3. 
svoc = semivolatile organic cospomd 
TAL = target analyte list 
TCL = target ccupowd list - WCs, SVOCs, pesticides, and polychlorinated biphenyl capxnds 
TSS = total suspcndcd solids 
VOC = volatile organic conpmd 

1 Methods of analysis by off-site analytical laboratory and on-site laboratory is listed on Table 6-3. 
2 Five percent of sanples analyzed in the on-site laboratory will be s&mitted for off-site VOC analysis. 
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Table 6-2 Sample Collection Frequency For Methanotrophic Rotating Biological 
Contactor 

mote: 

VDC = volatile orgenic conpound 

i&i 

t -’ 
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The following associated data will be recorded when collecting samples: 

l ambient temperature, 
. daily amount of precipitation, 
. time sample was collected, and 
. unusual events (i.e., samples were collected during rain event). 

Vapor sample collection will be performed using Tedlar bags, following Method18, 
Section 7 of 40 CPR Part 60, Appendix A. 

6.3 MULYTICAL PRDGRAM . 

6.3.1 Analytical Par- Laboratory analyses for monitoring the pilot- scale 
operations include physical and chemical parameters. As indicated in Subsection 
6.2.2, analyses will be conducted on air and water samples. Parameters for 
analysis during operations monitoring are sumnarieed in Table 6-3. All vapor 
samples collected from the air sparger and carbon absorption units will be 
analyzed in the on-site laboratory for the 10 VOCs listed in Table 6-3. 

The analytical program for aqueous samples (groundwater influent and effluent) 
includes on-site and off-site analysis of chemical and physical parameters. VW 
analysis of aqueous samples will be done on site and off site as indicated on 
Table 6-1. Parameters for on-site analysis are listed on Table 6-3. Off-site 
analysis of aqueous samples will include the TCL and TAL analytes listed in Table 
2-2. Other parameters for analysis in aqueous samples include a select list of 
metals and engineering and treatability paremeters (Table 6-31. 

Several parameters will be monitored in association with operation of the mRBC 
unit. The parameters include nitrate and nitrite, phosphate, total volatile 
suspended solids, oxygen, and methane (see Table 6-3). 

6.3.2 On-Site Analytical Procem On-site analytical procedures include 
physical and chemical measurements of vapor and aqueous samples. Table 6-3 
includes information regardingthemethods of analysis associatedwith monitoring 
the IM operations. These methods include the use of calorimetric test kits, 
field GC, and real time measurements. 

Calorimetric test kits will be used for measurements of nitrate, nitrite, and 
phosphate. Each test kit employs the use of an indicator solution which reacts 
with the analyte to produce a color change. The intensity of the resulting color 
is directly related to the concentration of the analyte in the sample. 

Samples collected for on-site VGC analysis will be analyzed using a Hewlett 
Packard 5890 GC or equivalent. The GC will be equipped with a purge-and-trap 
unit for use in analysis of aqueous samples. Air samples will be injected 
directly into the GC. The GC will also be equipped with two detectors, a 
photometric ionieation detector (PID) and electrolytic conductivity (Hall) 
detector. The Hall detector will be calibrated to measure concentrations of 
benzene, toluene, xylenes, and ethylbenzene. The PID will be calibrated to 
measure concentrations of 1,2-dichloroethane, cis-1,2-dichloroethene, trans-1,2- 
dichloroethene, tetrachloroethene, trichloroethene, and vinyl chloride. 
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Table 6-3 Analytical Requirements for Phase I IM Activitiee 

Parameter Analytical Met&d 

VOCs (on cite) USEPA Method 5030/8010 Benzene (1) (2) 
6 5030/8020 Nodified) 1,2-Dichloroethane 

cis-1,2-Dichloroethene 
tram-1,2-Dichloroethene 
Bthylbenrene 
Tetrachloroethene 
Toluene 
Trichloroetheme 
Xylenee (total) 
Vinvl Chloride 

‘:,: ,,, .:’ :y, 
Yocs foff’.eit+ :. ::., :... : rgso cfB.:‘sow 

svoce 1990 CLP sow 

Paaticideb.'.and PC%'- ., ,., :.',:( +$a $kp 'sow 

Metals USEPA Bhthod 

USEPA Method 
1991 CLP sow 

TCL (Table 2-2) (3) 

6010 

7421 

Cadmium 
chromium _ 
Iron 
Manganese 
Lead 
TAL (Table 2-2) 



Table 6-3 (Continued) Analytical Requirements for Phase I IM Activities 

Parameter Analytical Method Const~,t~ent: 
: 

Refasxaice. 

Engineering Treatability (ETPE) 

* PH 
* Chloride 

* Tot 
* TSS 
* TDS 
l Hardness, total (as CaCO$ 
* ROD (S-day) 

Field Method 
USEPA Method 325.2 
USEPA Method 415.1 
USEPA Method 160.2 
USEPA Method 160.1 
USEPA Method 130.2 
USEPA Method 405.1 

(5) 
(5) 
(5) 
(5) 
(5) 

(5) 

Boo = biochricel om demand 
law. q methuwtrophic Roteting Biologicel Contector 
SVOCs = sernivoletile orgnic coqmmds 
TN. = target erwlyte list 
TCL = target capavd lirt 
TDC * tote1 orgenic cerbon 
TSS * total rurpended 8olhi8 
TDS = total disrolved rolids 
USEPA = U.S. Enviromentel Protection Agency 
WCS = volatile orgenic conpovds 

Rat-: 

(1) Test Method8 for Evelumting Solid Ueste, Physics1 Chemical Methods, SW866, 3rd Edition, USEPA 1986. 
(21 ABE-ES' freettiility Leboretory Stenderd Opereting Proca&res. 
13) Cmtrect Leboretory Progrn (CLP) Stetemmt of Uork (SW) for Orgenic Anelysir. 
(4) CLP SDU for Inorgenic Anelysis. 
(54 Methods for Chemical Analysfs of Ueter end Uestes, USEPA-600/4-V-020, revised Merch 1983. 



Quality assurance and quality control (QA/QC!I procedures for the on-site 
laboratory are discussed in this paragraph. Duplicate samples will be collected 
and analyzed at a frequency of 10 percent of the total number of semples. A 
method blank will be analyzed at the beginning of each day. Cleaning blanks will 
be analyzed, as necessazy, to check for carryover of contaminants from a previous 
analysis. Matrix spike and matrix spike duplicate analyses will be done at a 
frequency of 5 percent of the total number of samples. A known concentration of 
branofluorobenrene surrogate will be added to each sample and the percentage of 
recovery calculated and recorded. 

Real time measurements of carbon dioxide, Oxygen, and methane will be done using 
various electronic analyzers. The mRBC unit employs three gas analyzers that 
continuously measure headspace gases in the unit. The measurements are recorded 
on a strip chart. 

Ip9 ,’ 

The off-site laboratory program for IM 
operations monitoring includes analysis of physical and chemical parameters. All 
off-site analyees will be conducted according to USEPA-approved methods. Table 
6-3 sunnnarizes analytical methods to be used for the off-site analyses. The 
subcontract laboratory will be qualified to perform CLP analyses, will have an 
active QA/QC program, and will be NEESA-approved. QA/QC procedures are specified 
in the various analytical methods to be used for the IM off-site laboratory 
program. Details of QA/QC procedures for individual analyses can be found in the 
references cited in Table 6-3. 

The off-site laboratory program includes analysis of a minimum of 5 percent of 
all samples analyzed in the on-site laboratory. Off-site analysis of air and 
aqueous samples, analyzed in the on-site laboratory for the target VOCs, will 
include TCL VOCe. All SVOC, pesticide, PCB, metals, and engineeringtreatability 
parameter analyses (excluding pH) conducted as part of IM operations monitoring 
will be done by the off-site laboratory. Table 6-l provides information on the 
location and frequency of sample collection for off-site analyses. 

ii 

6.3.4 Turnaround Time@ With the exception of TCL and TAL analyses, data from 
off-site laboratory samples should be subaritted to IM personnel within 30 days 
of receiving the sample. TCL and TAL analyses will be conducted on a 7-day 
turnaround schedule. Analysis on field samples will be complete within 24 hours 
from the time the sample is collected. On-site analysis of treated water 
effluent will be completed within 2 hours from the time the sample is collected. 

q-3 . Twenty-five (25) groundwater 
monitoring wells have been installed in and around the landfill and Crooked River 

Plantation Subdivision to be used for groundwater monitoring for the site RPI. 
The monitoring wells range in depth from 20 to 95 feet bgs. These wells will be 
sampled in January and April 1994. Sample analysis will include all TCL and TAL 
analytes, plus sulfide. A subset of groundwater samples will be analyzed for 
Appendix IX constituents. 

The IM OWE operations will not be started until analytical results from the 
January sampling event are available and reviewed to confirm that no additional 
constituents are present at concentrations of concern. 
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Kinsea Contract Task Order No. 041, Navy CLKAN District 1, 
Contract No. N62467-89-D-0317. August. 

ABB Environmental Services, Inc. (ABB-ES), 1993b. Praft Final Interim& 

89-D-0317. December. 

ABB Environmental Se?XiCes 

C3eorcrj.a Naval SubQ@rine Base. Kinss Bav. . Contract Task Order No. 041, 
Navy CLEAN District 1, Contract No. N62467-89-D-0317. August. 
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