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EXECUTIVE SUMMARY

This Work Plan describes the proposed plan for implementation of a treatability study at the
Nose Dock 8 (S5-016) site at Plattsburgh Air Force Base. The study will include installation of a full-
scale treatment system, including components to “pump and treat” groundwater and treat contaminated

soil by soil vapor extraction.

The objective of the treatability study will be to evaluate the effectiveness of the treatment
system, which originally was proposed in the Draft Engineering Evaluation/Cost Analysis (EE/CA)
report (URS 1995a).

The scheduled duration of the treatability study is 9 months. At the end of this period, c'l:atél
collected during the operation of the system will be compiled and evaluated. A treatability study report
subsequently will be submitted to the United States Environmental Protection Agency and the New York
State Department of Environmental Conservation for review. The report will be used to evaluate
potential future actions and will serve as a basis for revisions to the EE/CA and preparation of decision

documents.
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1.0 INTRODUCTION

1.1 Scope

This Treatability Study Work Plan is being prepared as part of the United States Air Force
(USAF) Installation Restoration Program (IRP) at the Plattsburgh Air Force Base (PAFB). The IRP is
administered by the Air Force Base Conversion Agency (AFBCA) in accordance with the interagency
Federal Facilities Agreement (Docket No: I-CERCLA-FFA-10201) among the USAF, the United States
Environmental Protection Agency (USEPA), and the New York State Department of Environmental
Conservation NYSDEC). The purpose of this Work Plan is to present a description of the approach
to construction and operation of a treatability study at the Nose Dock 8 (SS-016) site (Figure 1-1). _

The primary objective of the treatability study will be to evaluate the effectiveness of the
removal action recommended in the Draft Engineering Evaluation/Cost Analysis (EE/CA) report (URS
1995a) to accomplish groundwater remediation--in particular, to estimate the time required to meet the
removal action objectives. The treatability study will employ a full-scale system during the period of
operation. This full-scale system will serve to immediately begin the remediation process and will
provide data from operation of the system that will be used to evaluate system effectiveness. The
treatability study results will be used as the basis for subsequent revisions of the EE/CA and decision

documents.

1.2 Background

Nose Dock 8 was used for aircraft painting and maintenance. The major source of
contamination at the site was a former underground storage tank (UST) that ruptured in 1987. The
principal constituents of concern from this spill were reported to be 2-butanone, methylene chloride,
toluene, xylenes, ethylbenzene, and trichloroethene. The UST subsequently was filled with concrete.
Other potential sources of contamination at the site are related to leaks in below-grade piping that
connected the UST to a former aboveground storage tank and floor drains.

Based on the results of the Draft Remedial Investigation (RI) report, URS Consultants, Inc.
(URS) identified an approach to remediation and a plan for implementation of a treatability study to

JA35291.23\wp\SS-01 6Work-Plnta(epXedXcp)
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evaluate that approach in an Initial Screening of Alternatives (ISOA) letter (URS 1994a; 1994b). The
approach to remediation was further evaluated in the EE/CA report (URS 1995a). The basic

components of the recommended approach include the following:

° Groundwater Collection - Installation of an extraction well and groundwater pump to
extract contaminated groundwater.

o Groundwater Treatment - Installation of an air stripper and carbon adsorption system

to remove organic compounds from groundwater.

° Soil Treatment - Installation of a soil vapor extraction (SVE) system to treat
contaminated subsurface soil. e

° Treated Water Discharge - Discharge of groundwater to either the existing storm sewer
or an infiltration gallery after treatment.

Additional field work was performed in September and October of 1995, and a draft final RI
report (URS 1995b) was issued. The additional field work more clearly defined the nature and extent
of contamination at the site, and confirmed that the recommended approach to the treatability study was
sound. On this basis, AFBCA has initiated implementation of the treatability study with this Work Plan.

1135291 23\Wp\SS-01 6Work-Pln\ta(epXed)cp)
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2.0 NATURE AND EXTENT OF CONTAMINATION

The overall objective of the treatability study is to evaluate the effectiveness of combined SVE
and pump and treat systems in remediating contaminated soil and groundwater to acceptable levels.
Remediation effectiveness is dependent on the nature and extent of groundwater contamination (i.e.,
dissolved chemicals) and soil contamination (both above and below the water table), which can impact
groundwater quality.

The results of subsurface soil sampling in potential source areas are summarized in Figures 2-1
and 2-2. Soil contaminants were detected above the water table near the former UST and below the
water table near the former UST and the former 1,000 gallon aboveground solvent tank. The most
significant soil contamination above the water table, however, is directly adjacent to the former UST
(SB-16-006) and below the water near the former solvent tank (SB-16-009). Based on the history of
site operations and data from the RI report, (URS 1995b), it appears that potential sources of
groundwater contamination are located above the water table in areas immediately east and south of the
former UST and below the water table in the immediate vicinity of the former aboveground solvent tank.

Groundwater analytical results are summarized in Tables 2-1 and 2-2. Principal chemical
groups detected in groundwater include: BTEX (benzene, toluene, cthylbenzene, xylene), chlorinated
hydrocarbons, ketones, and napthalenes. The extent of groundwater contamination is represented by
Figures 2-3 and 2-4 which show the horizontal and vertical extent of chlorinated hydrocarbons,
respectively. Groundwater contamination appears to be centered approximately at MW-16-004 where
the highest concentrations of contaminants were detected. The horizontal and vertical extent of
contamination varies somewhat based on the type of chemical, but patterns of contamination for all

groups are similar.
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TABLE 2-1

NOSE DOCK 8 (SS-016) - TREATABILITY STUDY WORK PLAN
GROUNDWATER RESULTS - ROUNDS 1 AND 2

Page 10f 1

AVERAGE! ROUND - 1 - January 1994 ROUND - 2 - February 1994

LOCAL = ARAR FREQUENCY DETECTED DETECTED AVERAGE LOCATION OF FREQUENCY DETECTED DETECTED AVERAGE LOCATION OF

ANALYTE BACKGROUND VALUE OF MINIMUM MAXIMUM OF MAXIMUM OF MINIMUM MAXIMUM OF MAXIMUM
CONCENTRATION DETECTION (CONCENTRATION | CONCENTRATION | DETECTIONS DETECTION DETECTION [CONCENTRATION | CONCENTRATION | DETECTIONS DETECTION
Acetone ND 50 2/6 18 32 25 MW-16-004 2/6 9.2 13 111 MW16-007
Carbon Disulfide ND 50 1/6 2 2 2 MW-16-003 1/6 11 11 1.1 MW16-007
1,1-Dichloroethane ND 5 —_ — — 1/6 3 3 3 MW-16-004
1,2-Dichloroethene (total) ND 5 1/6 42 MW-16-004 2/6 1 28 145 MW-16-004
Chloroform ND 7 1/6 28 MW-16-007 — — — — —
1,2-Dichloroethane ND 5 1/6 4 MW-16-005 1/6 1.1 1.1 1.1 MW16-005
2-Butanone ND 50 1/6 16 MW-16-004 — — — — | —
1,2-Dichloropropane ND 5 1/6 10 MW-16-004 — — —
Trichloroethene ND 5 2/6 55.5 MW-16-004 2/6 50.6 MW-16-004
Toluene ND 5 1/6 88 MW-16-004 1/6 78 MW-16-004
Ethylbenzene ND 5 1/6 38 MW-16-004 1/6 33 MW-16-004
Xylene (total) ND 5 1/6 250 MW-16-004 1/6 220 MW-16-004
1,2-Dichlorobenzene ND 4.7 1/6 2 MW-16-004 1/6 1 MW-16-004
2-Methylphenol ND 1 — — — 1/6 3 MW-16-004
4-Methylphenol ND 1 1/6 110 MW-16-004 1/6 79 MW-16-004
Naphthalene ND 10 3/6 439 MW-16-004 2/6 855 MW-16-004
2-Methylinaphthalene ND 50 2/6 8 43 255 MW-16-004 2/6 41.5 MW-16-004
Diethylphthalate ND 50 —_ — — - — 1/6 5 MW-16-004
bis(2-Ethylhexyl)phthalate ND 50 3/6 1 2 1.7 MW-16-005, — — — — —
MW-16-007

Arsenic (unfiltered) 20.1 25 2/6 19 26.3 13.35 MW-16-001 2/6 2.1 14.6 8.35 MW-16-004
Barium (unfiltered) 165 1,000 5/6 255 90.9 50.1 MW-16-004 5/6 20.2 231 71.88 MW-16-002
Chromium (unfiltered) 7.35 50 3/6 46 11.53 MW-16-004 116 5.3 53 53 MW-16-001
Lead (unfiltered) 17.75 15 3/6 1.4 11.4 MW-16-004 3/6 1.6 8.7 4.1 MW-16-004
Silver (unfiltered) ND 50 — —. = — — 1/6 6.5 6.5 6.5 MW-16-005
Arsenic (filtered) ND 25 1/6 11.2 11.2 11.2 MW-16-004 2/6 25 11.3 6.9 MW-16-004
Barium (filtered) 77.25 1,000 5/6 29.6 94.6 54,58 MW-16-004 516 26.3 97.7 48.52 MW-16-004
Chromium (filtered) ND 50 1/6 4.7 4.7 4.7 MW-16-004 — —_ — — —
Lead (filtered) ND 15 — —_ —_ — — 2/6 1.7 2.3 2 MW-16-002

Results reported in ug/l.

1 - Average local background concentration from MW-16-001
ARAR - "Applicable or Relevant and Appropriate Requirements”
** - ARAR value from Table 4-1 of Rl Report (URS 1995b)
Source: URS Consultants, Inc., 1194f

— - Indicates analyte was analyzed for but not detected.
imum from duplicate sample.

i - Exceeds ARAR.

ND - Not Detected.

JA\3529 1\QPRO\TS-SS- 16\T2- 1. WB 1/sk
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TABLE 2-2

NOSE DOCK 8 (SS-016) - TREATABILITY STUDY WORK PLAN
GROUNDWATER RESULTS - ROUND 3

AVERAGE! ROUND - 32 - September 1995
LOCAL ** ARAR FREQUENCY DETECTED DETECTED AVERAGE LOCATION OF
ANALYTE BACKGROUND VALUE OF MINIMUM MAXIMUM OF MAXIMUM
CONCENTRATION DETECTION CONCENTRATION | CONCENTRATION DETECTIONS DETECTION
Acetone ND 50 277 E 325 MW-16-004
1,2-Dichloroethene (total) ND 5 37 MW-16-004DUP
1,2-Dichloropropane ND 5 27 MW-16-004DUP
Trichloroethene ND 5 37 MW-16-004DUP
Toluene ND 5 27 MW-16-004DUP
Ethylbenzene ND 5 27 MW-16-004DUP
Xylene (total) ND 5 27 MW-16-004DUP

Resuits reported in pgA.

1 - Average local background concentration from MW-16-001

2. Only wells MW-16-004, MW-16-005, MW-16-008, MW-16-009, PZ-2S, and PZ-21 were sampled during Round - 3.
- Exceeds ARAR.

ARAR - "Applicable or Relevant and Appropriate Requirements”

** - ARAR value from Table 4-1 of R! Report (URS 1995b)

ND - Not Detected

JA35291\QPROTS-SS-16\T2-1. WB1/sk
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3.0 SYSTEM DESIGN

The full-scale remediation system employed for the treatability study will include a “pump and
treat” system for groundwater and an SVE system for remediation of contaminated subsurface soil which
is a potential source of continuing groundwater contamination. The basis for treatability study system
design is presented below.

3.1 Groundwater Collection

Desien Obiecti

The design objectives for the groundwater collection system are as follows:

. Lower the water table in the area of the former 1,000-gallon aboveground solvent
storage tank so that soil contamination just below the water table is exposed to the
atmosphere. This will permit remediation of the contaminated soil by SVE.

® Capture the majority of onsite contaminated groundwater.

Desien Criteri

In order to meet the objectives for groundwater collection, the following design criteria have
been established.

° Lower water table 5 feet at the point of extraction (i.¢., near the former aboveground
solvent tank).

o Pump groundwater at rate of 50 gallons per minute (gpm).

The depth of S feet at the point of groundwater extraction is based on Rl data summarized in
Section 2.0. The data shows that the soil below the water table in the area of the former 1,000-gallon
solvent tank (sample SB-16-009-15) is contaminated to a depth of 15 feet (about 4 feet below the water

JA35291.23\wp\SS-01 \Work-Pin\ta(cpXedXcp)
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TABLE 3-1

NOSE DOCK 8 (§S-016) - TREATABILITY STUDY WORK PLAN

GROUNDWATER TREATMENT SUMMARY

ESTIMATED PERCENT
INFLUENT DISCHARGE REMOVAL
CHEMICAL CONCENTRATION LIMITATION REQUIRED
(ug/L) (ug/L)
Acetone 20.9 50.0 0
Carbon Disulfide 0.3 NS NC
1,1-Dichloroethane 0.4 50 0
1,2-Dichloroethene (total) 55 50 * 10
Chioroform 4.2 7.0 0
1,2-Dichloroethane 0.6 5.0 0
2-Butanone 24 50.0 0
1,2-Dichloropropane 15 5.0 0
Trichioroethylene 216 10.0 54
Toluene 126 5.0 60
Ethylbenzene 5.5 5.0 9
1,2 Xylene ND 50 NC
Xylene (sum of 1,3 and 1,4) 36.2 10.0 72
1,2-Dichlorobenzene 03 47 0
2-Methylpheno} 05 10.0 0
4-Methylphenol 16.5 10.0 39
Naphthalene 246 100 59
2-Methyinaphthalene 10.1 NS 0
Diethylphthalate 0.8 NS NC
bis(2-Ethylhexyl)phthalate 0.3 NS NC

NC - Value not calculated. insufficient data.
ND - Concentration not determined. No data available.

NS - Water quality criteria has not been established by NYSDEC for this chemical.
* - Discharge limitations are 5.0 pg/L for cis and 5.0 pg/L for trans 1,2-Dichloroethene
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° There were only two detections of a metal analyte (lead and arsenic in Round 1 of
sampling) that exceeded groundwater Applicable or Relevant and Appropriate
Requirements (ARARs)

o Both arsenic and lead were detected well below the ARARs in Round 2 of sampling

o Background concentrations of metals are comparable to onsite concentrations,

indicating metals are not contaminants

o Metal contamination is not expected based on past onsite activities or records
Influent Concentrations

Treatment system influent concentrations were estimated using RI data and an appropriate
dilution factor developed from a hydrogeologic model. These estimated concentrations are presented in
Table 3-1. Methodology used for development of influent concentration is presented in Appendix A-3.

T e

As shown in Table 3-1, treatment and removal of 1,2-dichloroethene (total), trichloroethylene,
toluene, ethylbenzene, xylene (sum of 1,3 and 1,4), 4-methylphenol and naphthalene is required to meet
the discharge limitations. The treatment system equipment specified for the treatability study to meet

the design objectives is as follows:
® One shallow tray-type air stripper. (Reference Appendix A-4).

° Two 1,800-pound activated carbon units. Based on calculations, the air stripper will
reduce the levels of all VOCs to concentrations well below the discharge limitations.
Carbon will reduce 4-methylphenol and naphthalene to below the assumed discharge

limitations.
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The design objective for this component of remediation is to discharge treated water from the
groundwater treatment system to three nearby infiltration galleries (Figure 3-2) so that treated water can
be reinjected into the aquifer.

o0 Obiccti

Provide sufficient area and depth for discharge of 50 gpm of treated water to the groundwater

aquifer.
Eaui G sl nes
Three (3) 35' x 35' x 7' deep infiltration galleries (see Appendix A-7).
3.6  System Specifications
The treatability study system will be installed by Sevenson Environmental Services, Inc. - a

subcontractor to URS. System installation shall be in accordance with the performance specification
prepared by URS as presented in Appendix C.
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4.0 SYSTEM OPERATION

The scheduled duration of the treatability study is 9 months. This period will include
approximately 1 month for system start-up and an additional 8 months of system operation after
completion of system start-up. URS will be responsible for system monitoring, and operation and
maintenance (O&M) during this period. A description of the monitoring program and the approach to
O&M is presented in the remainder of this section.

41  Monitoring

The treatment system will be monitored to evaluate system performance and to ensure
compliance with water discharge requirements. The sampling and analytical schedule for this monitoring

program is presented below.

ks1to4 =

Two water samples will be collected weekly. Water samples will be collected from the
groundwater treatment system influent (before the air stripper) and effluent (after the carbon adsorption
unit). Water samples will be analyzed for target compound list (TCL) volatiles and semivolatiles.

Weeks 5 t0 36 (System Operation)

Two water samples will be collected each week during the first twenty weeks of operation as
required by the NYSDEC (see Appendix B-3). Two water samples will be collected each month during
the remamnder of the operating period. Sampling points and parameters shall be the same as Weeks 1-4.

Analytical methods utilized for monitoring are listed below:

VOCs (Water) - EPA Method 624
SVOCs (Water) - EPA Method 625

135291, 23\wp\SS-016Work-Pinta(cpXedXep)
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5.0 TREATABILITY STUDY REPORT

A treatability study report will be prepared after completion of the 9-month treatability study.
The report will include analytical data, O & M information, and conclusions and recommendations. The
treatability study report will be used as the basis for revisions of the EE/CA and decision documents, and
will be used to evaluate future actions. Potential future actions include, but are not limited to, the

following.
° No action; that is, the results of the treatability study indicate that groundwater has
been remediated to acceptable levels during the treatability study
° Continued operation of the system utilized in the treatability study

o Continued operation of the treatability study system after modifying the system

components or method of operation

° Installation and operation of another system to evaluate an alternate technology

J\35291.23\wp\SS-01 6Work-Pln\ta(cpXedX(cp)
10/10/96 11:54 AM 5-1



-

REFERENCES

NYSDEC. 1993. Ambient Water Quality Standards and Guidance Values, Technical and
Operational Guidance Series (1.1.1), October. Albany: Division of Water.

URS. 1994a. Draft Remedial Investigation Report, August.

URS. 1994b. Initial Screening of Alternatives (ISOA) letter to the USAF, 14 October.

URS. 1995a. Draft Engineering Evaluation/Cost Analysis, February.

URS. 1995b. Draft Final Remedial Investigation Report, December.

JA35291.23\wp\SS-01 6Work-Pln\ta(cp)ed)cp)
10/10/96 11:54 AM



AFBCA
ARAR
BTEX
EE/CA
gpm
IRP
ISOA
NYSDEC
0o&M
PAFB
PLC

Rl
SS-016
SVE
SVOC
URS
USAF
USEPA
UST
VvOC

LIST OF ACRONYMS

Air Force Base Conversion Agency

Applicable or Relevant and Appropriate Requirement
Benzene, Toluene, Ethylbenzene, Xylene

Engineering Evaluation/Cost Analysis

gallons per minute

Installation Restoration Program

Initial Screening of Alternatives

New York State Department of Environmental Conservation
Operation and Maintenance

Plattsburgh Air Force Base

Programmable Logic Controller

Remedial Investigation

Nose Dock 8

Soil Vapor Extraction

Semi-volatile Organic Compound

URS Consultants, Inc.

United States Air Force

United States Environmental Protection Agency
Underground Storage Tank

Volatile Organic Compound
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APPENDIX A
CALCULATIONS
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APPENDIX A-1
DRAWDOWN AND CAPTURE ZONE
CALCULATIONS
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URS CONSULTANTS, INC. paGE_1_or 25
JOB NO. 0535291

PROJECT: Plattsburgh AFB, Site $S-016 : MADE BY: M.Q. DATE: 6/19/96
SUBJECT: Design of Extraction Weil CHKD. BY: A DATE: G/Z.s %
1. PURPOSE

These calculations were performed with a purpose of designing
the groundwater/soil vapor extraction well that will be
installed as part of the remedial scenario at the SS-016 site.
The design incudes:

* Filter pack

* Screen
Note that both the ground water and soil vapor will be
extracted using the same well.

2. DESIGN OF THE FILTER PACK

A single well is used for the extraction of both the soil
vapor and the groundwater. Because design criteria for water
are more stringent than those for soil vapor, the methodology
followed in this calculation is based on the design of water
wells. Design of the filter pack will be performed using the
procedures outlined in Ref 1, Chapter 13. Copies of the
referenced material are included in this Appendix.

The extraction well will be screened in the overburden. The
design will be based on grain size distribution curves from
samples taken within the overburden unit, at locations in the
vicinity of the proposed well. The grain size distribution
curves can be found in Appendix H of Ref 2.

Note that the procedure outlined in Ref 1 is based on
distribution curves expressed in terms of "percent retained",
whereas the curves from Ref 2 show the "percent finer". The
relationship between those two is as follows:

% retained = 100% - % finer

Based on the grain size distribution curves, it appears that
the properties of the overburden unit change significantly as
a function of depth from the ground surface. The summary of
characteristic grain sizes for several depth intervals
(presented below) illustrates that change. Note that the water
table occurs roughly at depth of 10 ft, and the overburden
grades into the underlying silt/clay unit at the depth of
approximately 60 ft (see Ref 2, Figure 5-20).
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6/19/96 11:23



URS CONSULTANTS, INC. | R Ny, LY
JOB NO. 0535291

PROJECT: Plattsburgh AFB, Site SS-016 MADE BY: M.O. DATE: 6/19/96
SUBJECT: Design of Extraction Well CHKD. BY: ’H AA DATE: A /Z’:Tj%

The table with data supporting the summary presented below is
shown on page F of this calculation. It was based on several
grain size distribution curves from Ref 2, Appendix H (not
presented in this package).

SUMMARY OF CHARACTERISTIC

GRAIN SIZES
Depth 70% Retained 40% Retained
Size Size
(or 30% Finer) (or 60% Finer)
[£t] (mm] [mm]
10-20 0.2 - 0.3 0.3 - 0.45
20-30 0.15 - 0.3 0.3 - 0.45
30-40 0.09 0.2
40-50 0.03 - 0.035 0.055 - 0.065
50-60 0.0035 - 0.01 0.02 - 0.035

It appears that the sediments are relatively coarse up to the
depth of approximately 30 ft. The transition zone between the
coarse and fine sediments occurs between 30 and 40 ft. For
depths 40 to 50 ft, the sediments are much finer. The typical
particle sizes are on the order of 0.01 mm, with a silt
content of 20% to 65%, and a clay content of 2% to 25% (see
Ref G, Appendix H, GEOTECHNICAL ANALYSIS SUMMARY) . They can be
considered as "silt" or "silty sand". For depths greater than
50 ft, the typical particle sizes are very small (order of
0.001-0.01 mm), the percentage of clay is generally 20 to 80,
and the percentage of silt 50 to 70 (see Ref G, Appendix H,
GEOTECHNICAL ANALYSIS SUMMARY). Those sediments can be
classified as "clayey silt" or "silty clay". Based on the
above considerations, placing of the well screen within the
fine silty and clayey sediments below the depth of 30 ft is
not recommended.

It is recommended that the well be placed up to the depth of
approximately 30 ft. Design of the filter pack will be based
on the finest d,, particle size of all the samples taken within
that interval. This is the sample MW-16-006, depth 24 to 26
feet. See Ref 2, Appendix H for the grain size distribution
curve. For this sample:

m:\ssO16cal\weldes-2
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70 retined = Q3o fmer = 0.15 mm

0.30 mm

dwmined & d60ﬁn=t

The 40% retained size is 0.30 mm. This is close to the value
of 0.25 mm, for which a multiplier of 4 to 6 can be used
(based on the recommendation of Ref 1 pages 441-442).
Selecting the value of 5 (average of the range 4 to 6) the
particle size dyumg Of the filter pack can be estimated as:

@70 retained fitter pack = 30 finer ier pack = 5 * D10 retained formation =
= 5 * 0.15 = 0.75 fmm

The uniformity coefficient is defined as

f = Qurumnd / Goorumed = Feotmer / Q10 fner

See Ref 1, page 411. It is recommended that the uniformity
coefficient of filter pack be slightly less than 2.5. Assume:

f =2.0

The grain size distribution curve for the required filter pack
was sketched on page § of this package, based on:

Cfi70mnéedﬁémpm = dwmmm = 0.75 mm

Note that the "% finer" convention was used to sketch the
curve. Based on the curve, the filter pack material will have
the following properties (note: % finer convention used):

% Finer Sieve
Designation
(%]
100 #10
80 #16
40 #20
15 #30
5 #40
0 #50
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Based on the vendors literature (THE MORIE COMPANY, INC., see
page 9 of this package), the closest available type of sand
is the #0 well gravel. It has the following grain size
distribution (note: given as "percent retained" in the source,
here given as "percent finer"):

% Finer Sieve
Designation

(%]

98.8 #16

52.0 #20
4.6 #30
0.3 #40
0.0 #60

The grain size distribution curve for the MORIE #0 well gravel
has been sketched on page EL of this package.

3. DESIGN OF THE SCREEN

The openings in the well screen should be selected to retain
90% of the filter pack material (Ref 1, page 443). Based on
the curve on page of this Appendix (MORIE #0 well gravel),
this is approximately 0.6 mm (0.024 inch). The nearest lower
standard screen slot size is 0.020 in, which corresponds to
the #20 screen.

Extraction rates of the proposed wells have been estimated at
approximately 50 gpm. The design will be performed assuming
that the entire flow will pass through one half of the screen
length in the depth interval of 10 to 30 ft. The design will
be performed with a factor of safety with regard to flow rate
of 2. Therefore, the screen design flow rate, and screen
length are:

Q
L

50*2 = 100 gpm = 0.223 ft¥/s

(30 - 100 / 2 = 1G"EE

Use an 8" diameter well.

m:\ss016cal\weldes-2
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The open area of the #20 screen can be estimated at
approximately 18% (Ref 1, Appendix 12A). Using that, and the
design flow rate, the entrance velocity can be estimated as
follows:

Vv = Q/Agn = Q / (WYD¥LYE,,)
where A, is the open area of the screen
For an 8" screen (D = 0.67 ft):
v = 0.223/[(7"*0.67*10*0.18] = 0.06 ft/s

This velocity is lower than the recommended maximum velocity
of 0.1 ft/s (see Ref 1, page 449). Therefore, an 8" diameter
screen appears to be acceptable.

The velocity of water flowing within the screen or casing
(i.e. the uphole velocity) can be estimated as

v = Q/A

where A, is the cross sectional area of the pipe

For the design flow rate (Q = 100 gpm = 0.223 ft®/s), and
assuming that there is a 2" diameter pipe (D = 2/12 = 0.17 ft)
within the casing for pumping the groundwater out of the well,
the uphole velocity is

v = 0.223/[(p/2)%(0.67=0(37) ] =:0.7 ft/fe
This is less than the maximum recommended uphole velocity of

5 ft/s (Ref 1, see pages 414 and 416). The screen appears to
be sufficient.
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6. SUMMARY

The calculations outlined in this Appendix were performed in
order to design the filter pack and screen of the proposed
groundwater/soil vapor extraction well at the SS-016 site. The
conclusions are summarized below.

General:

The well should be screened to the depth of approximately 30
ft. This is due to the fact that below those depths, the
sediments are of silty and clayey nature.

Filter pack:

The MORIE COMPANY #0 well gravel was selected as the filter
pack material (see page 4 of this package for specs.).
Alternatively, an equivalent material from a different vendor
can be used, as long as it‘)H( closely resembles the above
mentioned #0 well gravel. ‘

Screen:
The screen will be:

* 8" diameter, continuous slot
* #20 screen (slot size 0.020 in)

* minimum open area of 18%
7. REFERENCES

1. GROUNDWATER AND WELLS
SECOND EDITION
F.G Driscoll
Johnson Filtration Systems, Inc., 1986

2. NOSE DOCK 8 (SS-016)
REMEDIAL INVESTIGATION REPORT (Draft Final)
URS Consultants, Inc., Dec 1995
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Figure 12.19. Class A curve for fine sand.

Figure 12.20. Class B curve for fine and very coarse
sand.
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Figure 12.21. Class C curve for coarse and very
coarse sand.

Slope and Shape of Curve

Figure 12.22. Class D curve for coarse sand and
very fine gravel.

The slope of the major portion of a grain-size distribution curve can be described
in several ways. One term that is used extensively is the uniformity coefficient, which
was developed by Hazen at the same time he adopted the idea of effective
size.Uniformity coefficient is defined as the 40-percent retained size of the sediment
divided by the 90-percent retained size. The lower its value. the more uniform is the
grading of the sampie between these limits. Larger values represent less uniform
grading. The uniformity coefficient is limited in practical application t0 materials
that are rather uniformiy graded. It is meaningful only when its value is less than 3.
It is well suited for describing the desired uniformity of filter-pack materials. The
uniformity coefficient for the sample in Figure 12.16 is 2.9 [0.026 in (0.66 mm ) divided
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. Transmissivity and storage coefficient values for the aquifer
. Current and long-term water balance conditions in the aquifer

4. Grain-size analyses of unconsolidated aquifer materials and identification of
rock or mineral types if necessary

5. Water quality
Dimensional factors. strength requirements. and costs associated with well construc-
tion and maintenance also play a part in establishing the particular design parameters.

Before starting a well design project. the engineer should study the design, con-
struction. and maintenance of other wells in the area. Additional information available
to the well-design engineer includes well records maintained by federal and state
agencies. local municipalities, agricultural associations. drilling contractors, and some
well screen manufacturers.

Every well consists of two main elements. the casing and the intake portion. The
casing serves as a housing for the pumping equipment and as a vertical conduit for
water flowing upward from the aquifer to the pump intake. Some of the borehole
length serving as a conduit may be left uncased when the well is constructed in
consolidated rock. The intake portion of wells in unconsolidated and semiconsoli-
dated aquifers is generally screened to prevent sediment from entering with the water
and to serve as a structural retainer to support the loose formation material. At the
same time, the screen must not obstruct the flow of water into the well. The design
of the screen requires careful consideration of the hydraulic factors that influence well
performance. '

In a consolidated rock aquifer. the intake portion of the well may consist of the
open borehole drilled into the aquifer. Some consolidated rock aquifers, however,
such as sandstone, may deteriorate over time because high flow rates remove cement
that holds sand grains together. thus causing a slow collapse of the borehole wall. In
other cases, certain minerals may weather in the borehole. For example, the feldspar
crystals in granitic rock disintegrate under aerating conditions. Therefore, screens are
often used to protect pumps from loosened formation particles, and to stabilize the
aquifer materials in many consolidated formations. especially sandstone. limestone,
and some granites.

Standard design procedures involve choosing the casing diameter and material,
estimating well depth. selecting the length, diameter. and material for the screen,
determining the screen siot size. and choosing the completion method. In addition,
the choice of a particular well design hinges on the type of drilling rigs that are
available. See Chapter 10 for a description of the major well drilling methods. Design
criteria presented below have been developed for typical hydrogeologic conditions.
Design practices may vary in different regions, however, because of unusual hydro-
geologic conditions: some successful. nonstandard designs are described at the end
of this chapter.

CASING DIAMETER

Choosing the proper casing diameter for the well is important because it may sig-
nificantly affect the cost of the structure. depending on the type of drilling equipment
used. The diameter must be chosen to satisfy two requirements: (1) the casing must
be large enough to accommodate the pump, with enough clearance for installation
and efficient operation, and (2) the diameter of the casing must be sufficient to assure
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416 GROUNDWATER AND WELLS
that the uphole velocity is 5 ft/sec (1.5 m/sec) or less.

The size of the pump required for the desired yield is the controlling factor in
choosing the size of the casing. It is recommended that the casing diameter be two
pipe sizes larger than the nominal diameter of the pump. In all cases. however, the
casing must be at least one nominal size larger than the pump bowls. Table 13.1 shows
casing sizes recommended for various pumping rates. Excessive head losses will occur
in the system if the uphoie velocity is greater than 5 ft/sec (1.5 m/sec). For the pipe
sizes and pumping rates shown in the tables. these head losses will be small.

If the casing size is selected from Table 13.1 and if the well meets typical standards
for plumbness. there will be adequate clearance for the pump bowis. For lineshaft
pump installations. this clearance allows for proper alignment of the shafting to elim-
inate binding and excessive wear. If the pump is set below any screened section, there
will be sufficient area around the bowls to allow water to pass downward with min-
imum head loss to the pump intake. However. heat build-up can be a problem for a
submersible pump set in a sump beneath the screen. because the intake portion of
the pump is located above the motor. The pump manufacturer should be consulted
for motor cooling recommendations.

Drilling conditions, drilling methods,
or economic factors sometimes make it
necessary to complete the lower portion
of the weil with a smaller diameter casing
or screen. When using the cable tool
method. drillers must often reduce the
size of their casing when the original cas-
ing cannot be driven any farther because
of side-wall friction (Figure 13.1). A sin-
gle string of casing can usually be driven
300 to 500 ft (91.5 to 152 m) depending
on geologic conditions. The outer casing
must be cleaned out completely before
smaller diameter casing can be tele-
scoped. Ideally, each casing string should
be landed in clay or some other non-
heaving sediment. If the casing ends in
sand, water should be run continuously
into the annulus between the two strings
to prevent heaving and potential sand
locking. Inner strings are generally set by
pull-down jacks, rather than by driving,
because too much of the driving energy
is lost in the unsupported part of the cas-
ing, which is up inside the outer casing.

More than one inner casing can be tel-
escoped depending on well depth. A com-

Figure 13.1. A deep well constructed by the cable

mon diameter sequence is 24 by 20 by 16
in (610 by 508 by 406 mm) for the outer
casing and two inner strings. Unless the

tool method using successively smaller diameter
casing at greater depth. In some installations, the
inner and working casings are cut off, after allowing
for sufficient overlap.
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culating the hydraulic conductivity. Aquifer transmissivity can then be determined
by adding the individual transmissivity values for all layers of the aquifer (trans-
missivity equals the hydraulic conductivity times the thickness for each layer).

5. Borehole geophysical logging techniques can help locate zones having the highest
hydraulic conductivity. Velocitv-meter surveys also are extremely useful. See Chapter
8 for an analysis of the various exploration methods.

Each technique listed above provides useful information on the zones that should
be exploited. As many of these techniques should be used as possible. Economic factors
governing a well project dictate the cost that can be justified in determining most
accurately the productive zones of the aquifer.

Recommended screen lengths for four typical hydrogeological situations are given

below.

1. Homogeneous Unconfined 4quifer. Theoretical considerations and experience
have shown that screening of the bottom one-third to one-half of an aquifer less than
150 ft (45.7 m) thick provides the optimum design for homogeneous unconfined
aquifers. In some cases, however, particularly in thick. deep aquifers, as much as 80

percent of the aquifer may be screened to obtain higher specific capacity and greater
efficiency, even though the total vield is less.

U.S. standard sieve number
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WATER WELL DESIGN 441

The grading of the filter pack should be based on the grain size of the finest layer
to be screened. A filter pack selected in this manner ordinarily does not restrict the
flow from the layers of coarsest material. The hydraulic conductivity of the pack is
generally several times greater than that of the coarsest layers because the pack is
cleaner and more uniform.

Filter pack material should consist of clean. well-rounded grains of a uniform size.
These characteristics increase the permeability and porosity of the pack matenal. Pit-
run or crushed materials are usually not satisfactory for filter packs. The chemical
nature of the filter pack is as important as its physical characteristics. Filter pack
material consisting mostly of siliceous. rather than calcareous, particles is preferred.
Up to 5 percent calcareous material is a common ailowable limit. This is important
because acid treatment of the well might be required later. and most of the acid could
be spent in dissolving calcareous particles of the filter pack rather than in removing
incrusting deposits of calcium or iron. Similarily, if the groundwater is slightly acidic,
partial dissolution of the pack may occur over time. Particles of shale, anhydrite, and
gypsum in the filter pack material also are undesirable. Table 13.12 lists the desirable
physical and chemical characteristics for a filter pack and the advantages of using

these matenals. o

The steps outlined below are followed in designing a filter pack:

1. Choose the layers to be screened and construct sieve-analysis curves for these
formations. Select the grading of the filter pack on the basis of the sieve analysis for
the layer of finest material. Figure 13.10 shows the grading of two samples of typical
water-bearing material from an aquifer 30 ft (9.1 m) thick. The finest material lies
between 75 and 90 ft (22.9 and 27.4 m). The design of the filter pack in this exampie
will be based on this layer. In some instances, it is good practice to ignore unfavorable
portions of an aquifer and to use blank pipe between sections of screen positioned
in the more permeable sections of the aquifer.

2. Multiply the 70-percent size of the sediment by a factor between 4 and 10. Use
4 to 6 as the multiplier if the formation is uniform and the 40-percent-retained size

Table 13.12, Desirable Filter Pack Characteristics and Derived Advantages

Characteristic Advantage

: Clean Little loss of material during development
Less development time

Higher hydraulic conductivity and porosity
Reduced drawdown

Higher yield

i More effective development

| Well-rounded grains

No loss of volume caused by dissolution of

' 90 to0 95% quartz grains
, minerals

)
'

| Uniformity coefficient of 2.5 or less Less separation during installation

Lower head loss through filter pack

ke
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442 GROUNDWATER AND WELLS

is 0.010 (0.25 mm) or less. Use a muliti-
plier between 6 and 10 for semiconsoii-
dated or unconsolidated aquifers when
formation sediment has highly nonuni-
form gradation and includes silt or thin
clay stringers. as commonly found in arid
or semiarid areas. Using mulitipliers great-
er than 10 may result in a sand-pump-
ing well. Place the result of this multipli-
cation on the graph as the 70-percent size
of the filter material. In Figure 13.10.
0.005 in (0.13 mm) is the 70-percent size
of the sand between 75 and 90 fi. Using
5 as the multiplier. the 70-percent size of
the filter material is 5 X 0.005 = 0.025
in (5 X 0.13 = 0.65 mm). This is the
first point on a curve that represents the
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Figure 13.10 Grain-size curves for aquifer sand and

corresponding curve for properly selected filter
pack masterisl.

grading for the filter pack matenal.

3. Through the initial point on the filter pack curve, draw a smooth curve repre-
senting material with a uniformity coefficient of approximately 2.5 or less. In Figure
13.10, the curve drawn as a solid line has a uniformity coefficient of about 1.8. It
could have been drawn somewhat differently, as shown by the dashed line which has
a uniformity coefficient of 2.5. It is good practice to draw the filter pack curve so
that the pack is as uniform as practicable. Thus, the material indicated by the solid-
line curve is more desirable than the material indicated by the dashed-line curve.

4. Select a commercial filter pack that fulfills the dimensional and chemical re-
quirements listed in Table 13.12. If a proper commercial pack cannot be purchased,
but a local source of sand and gravel is available, the following procedure can be used
to construct a suitable filter pack.

Prepare specifications for the filter pack material by first selecting four or five sieve
sizes that cover the range of values for the curve, and then set down a permissible
range for the percentage retained on each of the selected sieves. This range may be
eight percentage points below and above the percentage retained at any point on the
curve. In the example. the largest sieve would have an opening of 0.065 in (1.7 mm).
The curve shows zero percent retained on this sieve, so up to 8 percent of the filter

' pack may contain 0.065-in material. The next smaller opening in the most commonly

used series of sieves is 0.046 in (1.2 mm). The curve, as drawn, shows 18 percent
retained on this sieve; 8 percent is added and subtracted to obtain the permissible
range. Thus, on the 0.046-in sieve. the range is from 10 to 26 percent. This procedure
1s repeated until each of the sieves previously selected has been assigned a permissible
range. In Figure 13.10, five sizes of sieve openings are shown to cover the desired
gradation of the pack material. Giving the filter pack supplier an acceptable range at
each of these points makes it possible 1o produce the desired material at reasonable
cost. When designing filter pack material, the designer should keep in mind local
sources of filter sand used for rapid sand filters®. Firms that produce these materials

*Rapid sand filters consist of sand beds used to filter drinking water supplies in water treatment plants.
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have large stocks of clean, uniformly graded sands and gravels that readily fit the
requirements for filter packing of water wells. Some firms supply sand materials to
oil and gas companies for use as propping materials in hydraulic fracturing of for-
mations. These materials are also suitable for filter packing of water wells. Drilling
contractors should obtain grain-size-distribution curves for all local sources of po-
tential filter pack materials. For economic reasons. these packs should be specified
if possible. :

5. As a final step, select a screen slot size that will retain 90 percent or more of
the filter pack material. In our example, the correct slot size is 0.018 in (0.46 mm).

6. Calculate the volume of filter pack required from Table 13.13. The pack should
extend well above the screen to compensate for settlement of the pack during devel-
opment. Use of a caliper log may reveal the presence of washouts in the borehole,
necessitating additional filter pack. It is good practice to have extra filter pack on the
site, especially if the stability of the borehole is in doubt.

If the well designer and contractor carefully follow the foregoing steps, sand-pump-
ing wells can be avoided. The pack will provide mechanical retention of the formation
material and prevent sediment from moving through the filter pack into the well.
Occasionally it may be necessary to install more than one size of filter pack in a
borehole. For example, thick boulder beds may overlie sand deposits and the yield
requirements may dictate that both layers be screened. If the use of more than one
filter pack is contemplated, the screen manufacturer should be consulted for specific
design recommendations.

Thickness of Filter Pack

The design theory of filter pack gradation is based on the mechanical retention of
formation particles; therefore, a pack thickness of only two or three grain diameters
is actually needed to retain and control a formation. Laboratory tests made by Johnson
Division show that a properly sized pack with a thickness of less than 0.5 in (12.7
mm) successfully retains the formation particles regardless of the velocity of water
passing through the filter pack. It is impossible, however, to place a filter pack that
is only 0.5 in thick and expect the material to completely surround the well screen.
To insure that a continuous layer of filter material will surround the entire screen,
the design should specify that the annulus around the screen be at least 3 in (76 mm).

Filter-pack thickness does little to reduce the possibility of sand pumping, because
the controlling factor is the ratio of the grain size for the pack material in relation to
the formation material. Also, a filter pack that is too thick can make final development
of the well more difficult, as explained in Chapter 15. Under most conditions, filter
packs should not be more than 8 in (203 mm) thick because the energy created by
the development procedure must be able to penetrate the pack to repair the damage
done by drilling, break down any residual drilling fluid on the borehole wall, and
remove fine particles near the borehole.

It has been suggested that the presence of a filter pack will augment the well yield
because water from an overlying aquifer can percolate downward through the filter
pack and into the well screen. In practice, however, calculations show this contribution
to be insignificant in relation to total yield. For example, assume the conditions shown
in Figure 13.11, where 90 percent of a confined aquifer has been screened. The over-
lying sediments are water bearing and are connected hydraulically to the screened
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of sand grains. On the other hand. if a coarse stabilizer is used in a formation that
consists mainly of sand or silt held together by calcareous cement, a sand-pumping
well could result. Guidelines for the selection of a formation stabilizer are given in
Table 13.14.

Most stabilizer materials are placed by hand. but placement by pumping through
a tremie pipe is also done. To prevent excessive bridging, the use of centralizers is
recommended for screens of more than 30 ft (9.1 m). Even though the final depth of
the stabilizer in the borehole will vary according to the amount of material removed
during development, approximately 30 to 50 ft (9.1 to 15.2 m) of stabilizer should
extend above the top of the screen before development begins.

WELL SCREEN DIAMETER

Screen diameter is selected to satisfy a basic principie: enough open area must be
provided so that the entrance velocity of the water generally does not exceed the
design standard of 0.1 ft/sec (0.03 m/sec). Screen diameter can be adjusted within
rather narrow limits after the length of the screen and size of the screen openings
have been selected. Screen length depends upon the thickness of the aquifer: screen
openings depend upon the gradation of the sediment or the size of the filter pack.

Well yields are affected by screen diameter. although increasing the screen diameter
has much less impact on well vield than increasing the screen length. The theoretical
increase in yield that results from enlarging the well diameter can be calculated from
the relationship developed in Equation 9.1, where:

K(H - h)

Q = 1055 log R/r

This equation can be stated as

(-

<~ log R/r

where C represents all the constant terms.

Table 13.15 shows the figures obtained when R = 400 ft (122 m), a typical radius
of influence for unconfined conditions. These comparisons indicate that well diameter
requires careful consideration because an increase in screen diameter may not enhance
specific capacity or well yield significantly. In some cases. however, it may be worth-
while to increase the well diameter to obtain 15 to 25 percent more water, depending
on the cost factors involved.

Table 13.15. Well Diameter vs. Yield Ratio, in Gallons (%)

6 in 12 in 18 in 24in | 30in 36 in 48 in
(152 mm) | (305 mm) | (457 mm) | (610 mm) l (762 mm) | (914 mm) | (1219 mm)
100 110 117 {2kl w4 27 131 137
= 100 106 E B AR 119 125
—_ — 100 104 108 112 117
— — - 100 5. 1104 107 112
= — = - . 100 103 108
= = = — I es 100 10§
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APPENDIX H
GEOTECHNICAL TESTING RESULTS




SITE: SS-016
GEOTECHNICAL ANALYSIS SUMMARY

GRAIN SIZE DISTRIBUTION Water Permeability
Sample Location/Depth % Gravel % Sand % Silt % Clay g:,fg i AR

2 | SB-16-001/14'-16’ 0.0 98.5 0.6 0.9 SP 18.4%
SB-16-001/64'-66' 0.0 6.7 56.8 36.5 CL 27.5%
SB-16-002/48'-50" 0.0 25.1 64.9 10.0 ML 20.8% -~
SB-16-002/65'-67° 0.0 9.5 23.6 66.9 CH 34.5% .

— 1 SB-16-003/25'-27’ 0.0 97.2 2.2 0.6 SP 17.4%

N\SV| SB-16-003/55'-57' 0.2 6.5 73.3 20.0 CL-ML 22.2%

EV SB-16-004/45'-47' 0.0 29.9 63.8 6.3 ML 23.5% --

A~|| SB-16-004/55'-57" 0.0 5.1 60.0 34.9 CL 28.1%

—1 SB-16-005/25'-27" 0.4 97.0 2.6 0.0 Sp 19.2%
SB-16-005/60°-62’ 0.0 4.8 26.0 69.2 CL 31.6%
SB-16-005/62'-64' 0.0 4.1 18.8 71.1 CH 42.4% 3.78X10"

o ' MW-16-004/15'-17" 0.0 97.7 1.9 0.4 Sp 19.0%

VI MW-16-004/59°-61° 0.0 10.2 50.0 39.8 CL 28.7%

o | MW-16-005/15'-17" 1.5 83.8 11.8 ° .. 2.9 SP 53%
| MW-16-005/59'-61’ 0.0 7.6 75.0 17.4 ML 20.7%

— MW-16-006/24'-26' 0.9 89.2 89 1.0 SP 18.1%
MW-16-006/60"'-61' 1.0 34 18.2 . 77.4 CH 46.0% -

-+ || MW-16-007/30"-32' 0.0 754 22.1‘ 23 SM 19.1%

) 35291 58 016 GAS
121995130
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SITE: SS-016 (Continued)

IW GRAIN SIZE DISTRIBUTION Water Permeability
] USCS Content (Vertical/cm/s)
Sample Location/Depth % Gravel % Sand % Silt % Clay Class*
MW-16-007/55'-57" 0.0 1.5 71.3 2.2 CL-ML 22.8%
fi GS-016-001/0°-1’ 1.9 93.2 3.7 1.2 Sp -
“ GS-016-002/0"-“1' 35 89.3 5.1 2.1 SP ---
* Determined from Atterberg Limits Analysis
] 0“ \
> mm mm 4
i | Y - : : _
T | oy N e Sm e En WS S mw mm




GRAIN SIZE DISTRIBUTION TEST REPORT,
(-4
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208 199 18.0 1.0 03 o0450.1 8.281 9.901
GRAIN SIZE - mm
Test|% +3" % GRAVEL % SAND % SILT % CLAY
®| 186 0.9 9.9 BS. 2 8.9 1.8
|
LL PI Dgs De@ Dsg D3g Dis Dig Ce Cy
° @.65 g.31 8.25 8.156 |B8.B8964 |B.B748 1.05 4.1_
| .
; MATERIAL DESCRIPTION uscs AASHTO
® TAN SAND, trace silt & clay & gravel
Project No.: GB868.815D Remarks:

MU16-86 - 24’~- 26"

® Location:

WATER CONTENT: 18.1%
Date: JANUARY 4, 1994 LAB NO. 1587.048
GRAIN SIZE DISTRIBUTION TEST REPORT
HUNTINGDON ENGINEERING & ENVIRONMENTAL Figure No. 1
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APPENDIX A-3
ESTIMATED INFLUENT CONCENTRATIONS

JA35291.23\wp\SS-01 6\Work-Pln\a(cpXed)X cp)
9/17/96 4:55 PM






URS CONSULTANTS, INC.

PAGE ...... e e i
: SHEET NO. ........ N
PROVECT .. LTS, S5m0l JOBNO. 053599.37 .. ..
SUBJECT.. BANAAMMW ATIN Dueurntod Frequwe MADE BY £E7 . DATE. 6/7/%
............................................................................................. crxo. oy CUIP oare 6RSHL
\z‘a_u'f% of O/Zu./zon‘ écéc QJQJQ‘OM ; :fge

TR e atfechuad Fauves Fhat idenrrhy #a honzona / extont of a:rnlaumf‘ﬁov;

were used fo deamonctret, Hhe jaffcence o a P ,hj well a#
50 9pm .. The fw?omj well Jocatron 15 propused fo be near o
frak. .

7€ Uer Solves

The dibatron ‘)[rd{'/ valecd froi js based on Tha area of ‘clean”

Z:aw@rfir
h He avea of Conrtammated groundwater . Clecn jrom«r:/wf ”
ydenh fred by #o area om&&i of Js0concurivatron),

ﬁ-b M‘f/ut (JA 0/ ﬂ-&ﬁuhf; 20w, Qn/nmm:/lc/graund"wfof': :
/5 qeu

Hhe 150conccatration hnes w,ﬁm;-hu/o ,,}0,,;} Y’ /4
e an e ” .

nes wuthin

The calectatrons fﬂm;‘od Ao Kebmes calewtite fio ares. of
Condemunsbide, withy enck Jeve) of eom #4 et snaFrnn '(’.c.)(lwlo,oé area,
/0/,05 arta.  and M) fo /0,/5 ares—)| gr-/ﬁc, 72t diny
dompovﬂ/ a/asses, onl ore aree g4 ﬁ/« evbre’ aréo.
of contaunsnara wZ.c Qalewfafod This /s consisteant wuts

P meflodolh / used 16’ kd—?{'ﬂf‘ $M¢¢;,. MCA Jese/ a/CJM‘/ﬂM/ncA”-‘
Was 5uMMAd 74:7 kefonc:.



URS CONSULTANTS, INC. Page ... RX...of. |°7.....
SHEET NO. ........ OF viesiacnss
PROJECT .. HFB .. . SS=O o, JOBNO. 05352%,33 .. ..
SUBJECT. .. CRIUNDWATEY. DI tond .. FRCITRee ..o mADE BY 267°.  paTE 07‘3’/ 26
.............. . crixD. BYCLD.P DATE 3{”4

REF.
Lerones PAGE
ASsum pnon £ PUMPHN & ANED Is A LREAE i 4 LANUS DF 30 PT

AS SHOWAN on THE ATACHED Fléurees .

/00 are
A=0rxw
A= /om x #O07~ = Yoo e7r*

/0 ¢A ase ar
A= Lxw
A= Jvo Fr v o Fr = 9800 F‘I”"’UUOOFT“=§ZmFr"

MO 70 /O ppb arta

h= /g0 Fr
b=220 FT

A= Y26h = //z.(,aﬂpr//fopr)= /9800 FT* — $£00 Fr* = Joovo Fr*

CLENY warEre Aren-

4’: r *
#z=rfo20r)" = 152,053 fr*> = /52,000 FT*

152,000 FT> — [§,§00 FT ™~ = [32, 200 £F 2

AR ANT VE _TOTA PurdPiid é  freer-

PLd
%
N
o
N
=N
=
:
"
%
S
[ -]
]
XS
o
N

Vocierv: 32,200 ¥ S00- = §6.97
/S 000 _ _ /52200

7o llo-/o’éi Jo 000 _ xpo0 = 6.57 * é.6%
/52,2000

Do togpb i Sdoo x[oo = 3.55 %~ Fé %
)52.204d

]



URS CONSULTANTS, INC.

PAGE ...... ool .
SHEETNO. ........ L Ty
R . T N O TFrSR JOBNO. K28 2%0..23 . ...
sussecT.. Clovaianiomir.. Divenon fecren— ... MADE BY. X7 pate S //5/7¢
............................................................................................. chkp. 8y CUWP.oate @f2 5, /ﬁ
: REF.
Ol K& TDNES | ASSUIME  WOLST CABE Siew Atio THAT Au— PAGE

/50conCerTrATION UaeS FALL irma /00 M 2AVEE | T Fores
/60 b rred Ui BE cQRUAL TD THE Suat oF P Hreps
EY CPT il CLCAr) IATER— Aledrs )

New /ooﬁol’ pren ¢ 21%
b6 7
3e %

/3.0 70 ¥ /3%

Oruzrin mpeqore ! EF ¢ /25y od 6.7 : /



- NOILVNINVINOD SINOLI3N 4O IN3IX3 TVINOZIMOH R .
=G 34NOl4 910-SS 84V HOUNESLVId SdNn
o
> 1333 NI 3OS (1 3av1 |
= mx_m%n%‘_ww_ow%_&uwﬁﬁﬁwﬁ . ¥NOINGD NOILVHINZONOOOS! G3U3MN  —(ON—

qdd Ny =
o/ 0 00! mmﬁw\mwrmﬂw“.ﬁu\uwazmoﬁhﬁ%ﬁ%w.r PO il suogints i .-
MO \, S e S o SNIROT— 05— ~TO-gres——
, fY 7 TIION . d
[ix od Y 4 \ 40 NOLVMINIONOD Gahaisd  (€99)
mr ¢ ._\__ist ‘IJW/ / TI3M ONIMOLINON  ¥00-91—MN
T /. (899) aNIoTT

\ FO0-9i-MN ST

VIV NOUVINNNJDV

-\

sn yIMHEbI 40
JWhYouddY

6/12/21 001=1 \910SS\avDO\Zl 162S£SON\" L£26~0V



vy

u

I

i

[

URS CONSULTANTS, INC. pace ......5....or . 177

SHEETNO. ........ T
PROJECT . FAFD... SO7Olb. oo, JOBNO. O535271.83......
SUBJECT. . (SRIVNNWATYIL . Nt lon] APCTDA~.............................. MADE BY.2¢7. .. DATE. .S//6/9L
............................................................................................. crko. sy CWP. DATEGIJS 9L
REF.
PAGE

LU oRIN ATED  HppocarrodS

THE COMTHMMNNTION AREH 15 ASSUMED 1D BE AY ELLIPSE /NS0 A
)52,000 Fr2 QIRCLE TwwT BNHATES BoTH THE Creml rduWdWOTETE ARER
AND  THE Cooa/mvu/u;&ﬂ;-?} LRICNOWNATEN. Ao REVRES «NTED BY 7€
ELNPSE  THE ARER oF THE eutPsc— il BE CArcatdred 70 ¢5TW1ATE
THE Derr1IoN FacTor. WTD A AUMAME clELe

CoMTOMMINATEY pPrers — ReEPReZenTED 8y e 7l Lt pse”
T ASsuME 67 of e ciugse” RePrReSENTS
TIne  CONTAVASBET) AT -

Ao oF erirse = Mab
wlﬂ/c a-= /}5 T
b= 75 7~

A= (s ) 75Fr) = 2945a,y3 F7 x 0.67

TUNERRSs £

Anrer 6F Cantee— = )59 voo T *

leepie bREA 7 JS5Fovd [T - /7733 el
T V3R, k¥ S

ASsume CoNCENTRATIN OF cONTIMmTS 15 /0D ﬂob
PO ENTIRE preh OF COTHMINETION

/00/,91: Heep = 11,783 FPr>-
CLetns predd = (32, 26T e
S = 5 /37-,7.67//7,733 = 7

o
~—

o CHLOtvATET)
DR CHBII T




AC-9234 JN053529112\CAD\SSO0I6\ 1:100 12/26795-3 PAL

% \\ N
[ -') \\

BN
‘\

' $B-16- 009‘ \ A
(n9) -

APP OXIMATE LOCATION
-'fORMER UST

LEGEND

MW-i6-004 @ MONITORING WELL

DETECTED CONCENTRATION OR
CHLORINATED HYDROCARBONS W

sBic-00 @ SOIL BORING

(130}

— — —1. GROUNDWATER~SCREENING SAMPLES WERE

i 0 i :ZOS&NCENTRAT'ON CONTOUR COLLECTED FROM 9/08/93 TO 10/27/93.

% VALUE DERIVED FROM LOWER ESTIMATE OF
==-ND-=~  INFERRED ISOCONCENTRATION CONTOUR LEACHATE CONCENTRATION MODEL IAPPENDIX S,

TABLE il

ECEEREREEEEREEEE R



URS CONSULTANTS, INC. A o s R \7

SHMEETNO. ........ b ... B0
PROJECT .. FAFB... . SS =0/ ..o oo

JOBNO. 052522 .23 ... ..
SUBJECT.. GLOUNDWATIN . DICIATION, FRETDR«. ... .................. MADE 8Y.£¢% .. DATE.. 19/ :
- "

............................................................................................. CHKD. avC,WRDATE.é 6.

REF.

. PAGE
Naowrnane

THE ComntPr Al pGrER 15 AsSumed 70 &€ # Arerim.” crips€
INSI10E A /SR, 6ID Fr* Ciecie. THE CIRCLE EDTIMATES 7Ws AR
PF CoTH CLemN Glourd BT MO Lo THMWPTED EROUNE AT

REvEcsnTens BY e Mmiine Euise. THE Areh oF THE Qubse

Wit BE eMmcwetHred M) USED Td CEXTIMATE THE I ulvw
P rore. /umD A PamOmie oSt .

CodTHMIATED ANED . — RePRecSONItD BY PARTI#C uilsE
= ABourtE b5 T 0F eruBe KEPREEVEDS ™
COWITAMIIATED ARER -

Aren oF cuise = f-ab
where o= 126 Fr—
b~ M5Fr
Am—uﬁsé = ﬁL(/}{Fry‘B'Pr)
T FiYs2.y2 x 0.65

= /9 /,/:: ¢
Aren o Craece = Iss dv0 £

Cusmns Prehe = )52, 00U - 19 )94 P

-

ARl S&E T

DILuTiov maerone = CLepa merd /ccuﬂ)-mmﬁvo -

= 32, 951-//7,,«/3(
Q= = 6.9/




AC-9238

9¢-§

Of FORMER UST

ORMER WASTE

3529112 1100 12/26/95-3 PaL

& CCUMULATION AREA
.LEQEN.Q 184) i

MW-16-004 @ MOMITORING WELL

184 DETECTED CONCENTRATION O ' /
NAPTHALENES W ppb : I. DATA FROM MW-16-006 NOT USED TO « |
CONSTRUCT |socouc£u;mnou CONTOURS
s8i6-00 @ SOL BORING

' . —2.-GROUNDWATER fcaetm SAMPLES WERE

N, Vi ::0‘?&“““7""0“ CONTOUR COLLECTED FROM 9/08/93 TO 10/27/93.

ceeND~=- INFERRED ISOCONCENTRATION CONTOUR m VALUE DERIVED FROM LOWER ESTIMATE OF

N ppd LEACHATE CONCENTRATION MODEL APPENDIX S,

TABLE §

nr' '\.

\
N




-

URS CONSULTANTS, INC. PAGE ..... q ..... OF 17

SHEETNO. ........ . S -
PROJECT ... S 018 i, JOBNO. 053629/ 23,
SUBJECT. (o oum owaret:. Dieaaaand FoETOA MADE BY £e22. .. DATE. S/A¢/9%
............................................................................................ chxo. sy F, DaTE 357%
REF.
PAGE

THE CONTHRUINATED AlCH  jo  ASSurted JO Be A PARNIAC EUIPSE

MNSIDE A )52, 000 FT % QRELE | THE 2URLLS ESTIMMATES THE Arer
85 BoTH Crewmn GROUND WATEIL. AMND ConFrmfIvATED 62.5ui D WRTET
RuPeSe T BY THE AMTIAC ELLiFSE , THE AreH oF THe
FLLIPSE WILL pE cMCULATEY /b USED 7V ESTIMATE Tye
DT ION FPAcTort— 1870 A RAr1pneE WerLs .

CONTPRINATED  ARER : ~LetresinRed BY Pl Ll PSC
TIoSNMME bl [ oF L2IPSE LeVRASNTS GNT HTZCH |
Preh oF eemse = 77-—&£
wheez o = (35 P
8= Y2
Rawne = i+ (125 A J(75 Pf)
= 2Id53. 43 X 0,60

= /7 e7/. 96 % ’Z 67! Fr*

Hren 0F Crece = )52 av0 £7 %

Crernd pper = [58, 000 Fre = /7,67 F7*
L3y 32T Ert
—_—t————

DituTion FrRerTUE =  CLeP N ATtel- / Cow 7AAMINATER ArcT
< 139,329/ 77,67
25 2 /

"

A~




AC-9236 . J:\0535291.I2\CAD\SSOI6\ (s100 12/21/95-2 ELB

\
ORMER WASTE
ACCUMULATION AREA

LEGEND
MW-16-004 @ MONITORING WELL
DETECTED CONCENTRATION OF

133) 1.2-DCE IN ppd
sBi6-0i @ SOIL BORING / |
—j0—  SOCONCENTRATION CONTOUR 100 0 100 § 7O

IN ppbd i
celiDies  BEERRED SSOCONCERTRATION CoTOUR . GROUNDWATER SCREENING SAMPLES WERE & N3

COLLECTED FROM 9/08/93 TO 10/27/93. SCALE IN FEET

PLATTSBURGH A.F.B. SS-016 . M
CoRSRRARTS, wc. HORIZONTAL EXTENT OF 1,2-DCE CONTAMINATION

I @S 0P e D I 0D Ty N By e Bl B B By B 0 e e




URS CONSULTANTS, INC. rage ... 41-.or. v -

SHEETNO.........OF .............
PROJECT OFB.. . G5-019. ... o JOB NO. 45355?/. @2,
SUBJECT. GROWMNOWPT . DIturian FRCAD A= .o MADE BY. A% DATE. &7 ..4 5.‘(
............................................................................................. cuxo. ey (WP oated f/fé
REF.
PAGE

THE ConTPAM ALY predr 75 Acsvmied 7o BE LEtrmiblé wsive A
/53,600 FT ™ Cencees | TIE CULCL& EBTImAT BoTH CLETTH BRIAD
WATETL- AV CONTIMpnTED ERUUAMDWATLYL . REVL E eNTEDd BY TE
bactrmibue, THE ARER O/ THE LECTRVELE Wil BE CALOALAl AN/
USER 7D EFTIMMATE THE DdihuTion) FACTON_ /7D A LurmPANGE L/ELL .

Cou 7P AmpTed Plch !

Aﬂgﬂ oF PerTPusE = Lxw
where o= 150 T
W =5 P
A= (/yo Fr)Y tvs Fr)
& = Sy ED FT™

Hrern oF ntees = /52,000 FI*
Ceemy Preh = )83, 000 FT> - 3Y, 750 FT *
= /87, 85D

Diwrron FRCron. = AtedJd Arerd Jf CovTrarliv ey Aled
= /27, 953/ 2, 750
e o 8




LTy

;] I B9 am . a my oy am

AC-9235 J\N053529LI2\CAD\SSOI6\ 1100 12/26/95-3 PAL

APPROXIMATE ‘LOCATION
OF FORMER UST

A

\

. A \
P | . V-PORMER WASTE

LEGEND ' " +"  ACCUMULATION AREA

MW-16-004 @ MONITORING WELL i i " -'( |
£

!
DETECTED CONCENTRATION OF .
TCE IN ppb \ s Y

\
sBie-01 @ SOIL BORING

WA L —EGROL’NDWRTER"SC‘R.EENING SAMPLES WERE

T ::OC%NCENTRAT'ON CONTOUR COLLECTED FROM 9/08/93 TO 10/27/93.
PP

(39)

\ {

¥ VALUE DERIVED FROM LOWER ESTIMATE OF
-=-ND-=-  INFERRED ISOCONCENTRATION CONTOUR LEACHATE CONCENTRATION MODEL (APPENDIX S,

TABLE ).




URS CONSULTANTS, INC.

, SHEETNO. ........ .

PROMMCT . AFD.. . B5.7005. . o oo JORNO. 453522/, 23 ..

SUBMECT St oo Djwniow, Fherae. MADE BY. £€7. paTR. /!

............................................................................................. cHxo. sy () f.oare
BTEX.

PAGE

THE CONTRMINATEN ALeR 1S ASSudcD P BE Ard ELLIFSE NSI0E
A /58,000 Fr2 cirole , THE Cultee ETIMAND QT REPN witelrt
ANY THE TN ATSS WbTer. EEPRETTED 8y THE Exwf3e. 7rE
Alech OF THE ELULIFPSE Wi BE CARORLATEN TP €57MATE

THE OIuTION FRETON. VTV A  AurlIng LA .

CouwTommnATED preA — REFPREGeNTED . ay e nmrm-v. gu—lﬂc

- AssumE 65 %Yo o THE EcvPSE
LEPRESINTE TG CoNTWAuw AT At

A&“" o w1 Poc = fReab

phere a= 185 A
b= 75 ~r

4&3‘46( . ﬂ-.(/JJFrXZSPf)
Q9ysa. Y3 Fr x 0.05

N - /9,,/4'/. 73 * /7! )YS Fr*

"

Aren. oo Cluace = r*  whre 7= 930 Fr-
| S ® i age)t 5

= /52,053, .08

X J)SA, 000 Fr*

19,46 H‘" cwp

Cterr) Arem = /52, 000 Fr* ~ mﬁ:r

- [ZEgre—mi 133,866 FTAWP



URS CONSULTANTS, INC. raa ... ) o 7.

SHEETNO. ........ AR ot 2 i -
PROJECT .. ﬂo@ ey T D ey e (e [ P e RO o JOBNO. 25353%.93. .. ...
SUBJECT. G p A=, D0 TION . freqvr—=. ... mMADE BY . LEP . pate. 5//6/%¢
............................................................................................. chxo. sy CUWS oar S.[fb
REF.
PAGE

ASBUME THnT COoNCENTRAT IO oF CONTHMIAANTS 5 /00”5
For. enTIGE Ate P oOF CoNTPr AisiTIon

/00 ppb Arem = Arer of courPrasurtiod = )9, 1vs Fra

\33, 8557 cwf

CLepd peB *  /0rSeo- Frt

132,855 <@
dituTioN raervre ! _gz;a_-%_p; = (g cwp

19,145 /
¢qwP
DA = L] For- BTEX Compoudds




S S o S S

AC-9233 JNO535291 12\ CAD\SSOI6\ 1100 12726/95-3 PAL

SB-16-009"
1160

. APPROXIMATE LOCATION
FORMER' UST

. \‘
: ORMER WASTE
LEGEND i // ACCUMULATION AREA

\ s
MW.-16-004 @) MONITORING WELL \ I\
p— DETECVED CONCENTRATION\OF : ¥ -

BTEX N ppb X 4

/s
sbis-0 @ son sormo _I. GROUNDWATER- SCHEENING SAMPLES WERE ' o
——)o—  'SOCONCENTRATION CONTOUR — — — COLLECTED FROM 9/08/93 TO 10/27/93.

W prb ¥ VALUE DERIVED FROM LOWER ESTIMATE OF
~=-ND-=~ INFERRED ISOCONCENTRATION CONTOUR LEACHATE CONCENTRATION MODEL {APPENDIX S.

TABLE 0.




URS CONSULTANTS, INC. oace . Vo or T .

SHEET NO......... O vt s pivns

PROJECT ... IRFTB. 250l ... oo JOBNO., 0535 3. . .

g S/rf/\w/ Tafbuent Goveentrahons. ... MADE BY 257 . DATE.. .Z/ﬁé..

T b A C I U cuxo. sy . CL Poar 3‘:»/%
REF.
PAGE

Trowes | 1danhhes cou’mun/s deteetrd wi qronndweter af Ao
Ss-0/6 5:?&.. /V X/ assum deteched vabars l/j a:w/tum;né were %w/l/
by Fhe HAa diluhon fretor calevSated w He /rzwod.s P‘J’" The ﬁ//uwkj
wnds ; carkn disulhde o -mc/t//,dcml = w well. /ﬁtm/ ,
z/;e/ﬂj/pﬁ#dah. , 4nd bus [a‘l - ¢tthylhe /) altte were Avided b
o aresege of fhe abave /c/uﬁdr.ﬁc‘ 7s.  TAt averse dhthorr -~
roiides A eanservatve eshaaft smee o wert” all detected of

Jowd ooncw{r»ﬁon: and Jess ﬁ/lﬁdwﬁ \

P ‘ ) =L O

l;

|E e

3 Py & BN

v

[

s o=

mE Ty hEm =y

1

S

B s e A



o

S

=

Pa.z(e)‘i >

Table 1
Estimate of Groundwater Contamination into the Air Stripper
===
CAS Registry Influent Conc. Dilution Influent Conc. Effluent
Number Untreated Factor Untreated Requirements
CHEMICAL ppb ppb ppb
(maximum) (diluted)
=
Acetone 67-64-1 140 6.7 20.9 50
Carbon Disulfide 75-150 2 6.7 03 NS
1,1-Dichloroethane 75-34-3 3 6.7 5
1,2-Dichloroethene (total) 540-59-0 42 78 5
Chioroform 67-66-3 28 6.7 42 7
1,2-Dichioroethane 107-06-2 4 6.7 0.6 S
2-Butanone 78-93-3 16 6.7 24 50 -
1,2-Dichloropropane 78-87-8 10 6.7 S
Trichloroethylene 79-01-6 110 51 10
Toluene 108-88-3 88 6.9 5
Ethylbenzene 100-41-4 38 6.9 5
Xylene (totat) 1330-20-7 250 6.9 5
1,2-Dichlorobenzene 95-50-1 2 6.7 47
2-Methyiphenol 95-48-7 3 6.7 10
4-Methyiphenol 106-44-5 110 6.7 10
Naphthalene 91-20-3 170 6.9 10
2-Methyinaphthalene 91-57-6 70 6.9 10.1 NS
Diethyiphthalate 84-66-2 5 6.7 0.8 50
bis(2-Ethylhexyl)phthalate 117-81-7 2 6.7 0.3 NS
NS - not specified
Dilution factors:
ketones: 6.7
chiorinated hydrocarbons: 6.7
naphthalenes: 6.9
1,2-DCE: 7.6
TCE: 5.1
BTEX: 6.9
average: 6.7

average dilution factor was used for class of compounds not listed above; based on sample resuits, represents a conservative dilution factor
shading indicates influent concentration is above effiuent requirements

J\35291.23\QPROVSS-016\RFQNE. WB1
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APPENDIX A-4
AIR STRIPPER CALCULATIONS

JA35291.23\wp\SS-01 6 Work-Pin\ta(cpXed)Xcp)
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low profile air strippers

stem Performance Estimate
Client and Proposal information:

URS Consultants: Demetra Papademetriou

#16 Plattsburgh AFB, NY
686926-3

Contaminant

1,1,1-Trichloroethane

1,1-Dichioroethane

1,2-Dichioroethane

Ethyl Benzene

t-1,2-Dichloroethylene

Tolusne

Trichlcroethylene

p-Xylene

This custom modeling was done by North East Enviromental Products, Inc. as
implied. For complete details of NEEP's Parfomance Warranty contact your S|

© Copyright 1985 North East Environmental Products, inc, «
7051 FAX: 603-298-7063 + All Rights Reserved

Untreated
influent
Effluent Target

8% §3 1%

| -
(¢ -}

38 B3 33

w N

a8

Model 2311

Effluent
Alr (lbs/hr)
%removal

<1 ppb
0.000037
74.6400%

<1 ppb
0.000017

66.0417%

<1 ppb
0.000003
12.3543%

2 ppb
0.000108

71.4252%

2 ppb
0.000103
68.1564%

4 ppb
0.000221
67.7561%

8 ppb
0.000394
71.3735%

11 ppb
0.000635
70.2451%

Model 2321

Effiuent
Alr (lbs/hr)
Y%removal

<1 ppb
0.000047
93.5687%

<1 ppb
0.000022
88.4683%

<1 ppb
0.000006

23.1824%

<1 ppb
0.000138
91.8348%

<1 ppb
0.000135
89.8599%

1 ppb
0.000292
89.6027%

2 ppb
0.000507
91.8063%

3 ppb
0.000823
01.1464%

Modei chosen: 2300
Water Flow Rate: 50.0 gpm
Alr Flow Rate:; 300 cim
Water Temp: 50.0 °F
Air Temp: 50.0 °F
A/W Ratio: 449
Safety Factor: None
Model 2331 Model 2341
Effiuent Effluent
Alr (bs/hr) Alr (fos/hr)
“%remaval %ramoval
<1 ppb <1 ppb
0.000049 0.000050
98.3690% 99.5864%
<1 ppb <1 ppb
0.000024 0.000025
96.0840% 98.6702%
<1 ppb <1 ppb
0.000008 0.000010
32.8727% 40.8905%
<1 ppb <1 ppb
0.000147 0.000150
97.6668% 99.3333%
<1 ppb <! ppb
0.000146 0.000148
96.7710% 98.9718%
<1 ppb <! ppb
0.000315 0.000323
96.6474% 028.9190%
<1 ppb <1 ppb
0.000539 0.000548
97.6541% 99.3285%
<1 ppb <1 ppb
0.000880 0.000896
97.3656% 89.2161%

4 performancs estimate only. No warranty Is expressed or
hallowTray represantative. Report Generated:;

17 Technology Drive, West Lebanon, NH 03784 Voice: 603-298-

62686 -



APPENDIX A-5
ESTIMATED AIR FLOW RATE
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Calculation of the air flow rate to an SVE well as a function of vacuum applied to the well.

Based on :

Q = (H*pi*k/mi)*Pw*[1-(Patm/Pw)?}/In(Rw/Ri)

Note that only halif of the flow calculated by the above formula is used. This is to account for
thre presence of the large building foundation on one side of the SVE area.

hydraulic conductivity K= 1.5E-02 cm/s data
kinematic viscosity of water nilw) =  1.3E-02 cm?/s data at 10 degrees
gravitational acceleration g= 981 cm/s? data
viscosity of air mi(a)= 1.8E-04 g/cm-s data at 10 degrees
well radius R(w) = 10.0 cm data
radius of influence R() = 450 cm data
atmospheric pressure P(@) = 1.01E+06 g/cm -s* data
unsaturated thickness H= 450 cm data
permeability k= 1.99E-07 cm? calculated
Vacuum Absolute Flow Rate haif of flow (to account for building)
Pressure =
[ft water] [g/cm -s?] [cm/s] [cfm] [cfm]
1 9.80E+05 25374 54 27
2 9.50E+05 51554 109 55
3 9.21E+05 78621 166 83
4 8.91E+05 106662 226 113 Bewmutewdla'
5 B61E+05 135779 287 144 £~ desighn frov
6 8.31E+05 166088 351 176 rafe
7 8.01E+05 197720 418 209
8 7.72E+05 230831 488 244
9 7.42E+05 265597 562 281
————=> 10 7.12E+05 302228 639 320 <—Used for 3
11 6.82E+05 340964 721 361 L;
12 6.52E+05 382098 808 404 dud cal,
13 6.23E+05 425972 901 450 cl, !
14 5.03E+05 473000 1000 500 ek
15 5.63E+05 523682 1107 554

See p’c)s?@ __5: 7(0( the 5’%’4
Pyési’w‘/@d L T (| e

roolia( 7[/04, vate vs.

Lo

ot U )

fya/yl«

197( the jpesclis

of £ of

VaAlovuvnm aff)/‘

M:\SS016CAL\AIRFLO.WB1
06/26/9609:17
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Air f’ow rate frawn the SVE wel
V5. vacuu mwm apf//é&/ to the well

Air flow rate, [cfm]
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A Practical Approach to the Design, Operation, and Monitoring 24
| of In-Situ Soil Venting Systems =

P. C. Johnson, M. W. Kemblowski, J. D. Colthart, D. L. Byers, and C. C. Stanley*

Shell Development/*Shell Oil Company
Westhollow Research Center
Houston, TX 77251-1380

LEF 2

When operated properly, in-situ soil venting or vapor extraction can be one
of the more cost-effective remediation processes for soils contaminated with gasoline,
solvents, or other relatively volatile compounds. A "basic” system, such as that shown in
Figure 1, coupies vapor extraction (recovery) wells with blowers or vacuum pumps to
remove vapors from the.vadose zore and thereby reduce residual levels of soil
contaminants. More complex systems incorporate trenches, air injection wells, passive
wells, and surface seals. Above-ground treatment systems condense, adsorb, or incinerate
vapors; in some cases vapors are simply emitted to the atmosphere through diffuser stacks.
In-situ soil venting is an especially attractive treatment opton because the soil is weated in
place, sophisticated equipment is not required, and the cost is typically lower than other
optons.

The basic phenomena governing the performance of soil ventng systems
are easily understood. By applying a vacuum and removing vapors from extraction wells,
vapor flow through the unsaturated soil zone is induced. Contaminants volatilize from the
soil matrix and are swept by the carrier gas flow (primarily air) to the extraction wells or
trenches. Many complex processes occur on the microscale, however, the three main
factors that control the performarce of a ventdng operation are the chemical composition of
the contaminant, vapor flowrates through the unsaturated zone, and the flowpath of carrier
vapors relative to the location of the contaminants.

The components of soil venting systems are typically off-the-shelf items,
and the installaton of wells and trenches can be done by most reputable environmental
firms. However, the design, operation, and monitoring of soil venting systems is not
rrivial. In fact, choosing whether or not venting should be applied at a given site is a
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. om
[ [ppm ;] * 16000 mg-CH,/mole-CH, * 10 5 i |
mgfl] = (3) :
(0.0821 l-aum/’K-mole) * (298 K) _
For field instruments calibrated with other compounds (i.e. butane, propane) [ppmy] values -
are converted to [mg/1} by replacing the molecular weight of CHs in Equaton (3) by the
molecular weight [mg/mole] of the calibradon compound. _
Acceptable or desirable removal rates Raccepuables €an be determined by B
dividing the estimated spill mass Mgpii;, by the maximum acceptable clean-up time -~
Racczpuble — Mspi.u/ " (4) "
For example, if 1500 kg (=500 gal) of gasoline had been spilled at a service station and we N
wished to complete the clean-up within eight months, then Raceeprable = 6.3 kg/d. Based
on Figure 4, therefore, Cest would have to average >1.5 mg/l (2400 ppmcH4) for Q=2800 -
Vmin (100 cfm) if venting is to be an acceptable opdon. Generally, removal rates <1 kg/d -
will be unacceptable for most spills, so soils contaminated with compounds (mixtures) -
having saturated vapor concentrations less than 0.3 mg/l (450 ppmcH4) will not be good
candidates for venting, unless vapor flowrates exceed 100 scfm. Judging from the
compounds listed in Table 1, this corresponds to compounds with boiling points ‘
(Tp)>150°C, or pure component vapor pressures <0.0001 atm evaluated at the subsurface :
temperature. b
» What range of vapor flowrates can realistically be achieved? o
Question (3) requires that we estimate realistic vapor flowrates for our site P
specific conditions. Equation (5), which predicts the flowrate per unit thickness of well o
screen Q/H [cm3/s], can be used for this purpose:
-
Qi kgt ®,. /P =
[
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where:
k

H
Pw

Rw
Ri

Pye 12 °1£,l!_
Bl by

= soil permeability to air flow [cm?] or [darcy]

= viscosity of air = 1.8 x 10 g/cm-s or 0.018 cp

= absolute pressure at extracdon well [g/cm-s2] or [amm]
Paun = absolute ambient pressure = 1.01 x 106 g/cm-s2 or 1 aum
= radius.of vapor exaacton well [cm]

= radius of influence of vapor exaracdon well {cm]

This equation ‘is derived from the simplistic steady-state radial flow solution for
compressible flow2, but shouid provide reasonable estimates for vapor flowrates. If we
can measure or estimate k, then the only unknown parameter is the empirical “radius of
influence” Rj. Values ranging from 9 m (30 f1) to 30 m (100 ft) are reported in the
literature for a variety of soil conditons, but fortunately Equadon (2) is not very sensitive
to large changes in R;. For estimation purposes, therefore, a value of Ri=12 m (40 ft) can
be used without a significant loss of accuracy. Typical vacuum well pressures range from -
v 0.95 - 0.90 amm (20 - 40 in H7O vacuum). Figure 5 presents predicted flowrates per unit
well screen depth Q/H, expressed in "standard" volumetric units Q*/H (= QH(Pw/Pawm)
fora 5.1 cm radius (4" diameter) extraction weil, and a wide range of soil permeabilities
and applied vacuums. Here H denotes the thickness of the screened interval, which is
often chosen to be equal to the thickness of the zone of soil contamination (this minimizes
removing and treating any excess "clean” air). For other conditdons the Q*/H values in

Figure 5 can be multiplied by the following factors:

Rw
Rw
Rw
Rw
Rw

=5.1cm (2")
=5.1cm (2")
=7.6cm (3")
=10 cm (4")
=10cm (4")

R
Ri
R
R
R

=7.6m (25) - multply by Q*/H by 1.09
=23 m (75) - multiply by Q*/H by 0.90
= 12 m (40" - multiply by Q*/H by 1.08
=12 m (40" - multiply by Q*/H by 1.15
=7.6m (25") - multiply by Q*/H by 1.27

As indicated by the muitipliers given above, changing the radius of influence from 12 m
(40 ft) to 23 m (75 ft) only decreases the predicted flowrate by 10%. The largest
uncenainty in flowrate calculatons will be due to the air permeability value k, which can
vary by one to three orders of magnitude across a site and can realistically only be estimated

from boring log data within an order of magnitude.

It is prudent, therefore, to choose a

range of k values during this phase of the decision process. For example, if boring logs
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4-2 HYDRAULIC CONDUCTIVITY 67 oﬁ ﬁ
20

N UN a-EN O Cun-EE u 3

R SN am = on on- Em

viscosity u (or in the combined form of kinematic viscosity v). The relevant solid
matrix properties are mainly grain- (or pore-) size distribution, shape of grains
(or pores), tortuosity, specific surface, and porosity. The hydraulic conductivity

K may be expressed as (Nutting, 1930)
K W e, (420

where k (dimensions L?)—called the permeability, or the intrinsic permeability,
of the porous matrix—depends solely on properties of the solid matrix.
With (4-20), Darcy’s law (4-9) may be written as

q = —(kpg/u) grad ¢ 421

Various formulas relating k to the various properties of the solid matrix
are presented in the literature. Some of these formulas are purely empirical, as,

for example
k = cd? (k in cm?, d in cm) (4-22)

where ¢ is a coefficient with cg/v in the range between 45 for clayey sand, and 140
for pure sand (often the value of 100 is used as an average), and d is the effective

grain diameter, d,o, defined in Sec. 4-1.
Another example is the Fair and Hatch (1933) formula developed from

dimensional considerations and verified experimentally

1 (l—n)‘( a Pm)z]"

k ﬁ[ = 100(,,,2, i (4-23)
where f is a packing factor, found experimentally to be about 5, « is a sand shape
factor, varying from 6.0 for spherical grains to 7.7 for angular ones, P, is the
percentage of sand held between adjacent sieves, and d,, is the geometric mean
diameter of the adjacent sieves.

Purely theoretical formulas are obtained from theoretical derivations of
Darcy’s law. Often. such formulas include numerical coefficients which have to
be determined empirically. An example is the Kozeny-Carman equation

3

n
k=Cor—m—"—s 4-24
O(l_n)zMg (2)

where Mj is the specific surface area of the porous matrix (defined per unit volume
of solid) and C, is a coefficient for which Carman (1937) suggested the value of 1/5.

Under certain conditions, the permeability, k, may vary with time. This may
be caused by external loads which change the structure and texture of the porous
matrix by subsidence and consolidation, by the solution of the solid matrix
(which over prolonged times may produce large channels and cavities), and by
the swelling of clay, if present within the void space. When a soil contains ar-
gillaceous material, drying of the soil may shrink the clay, especially bentonite,
causing the permeability to air of the dried soil to be higher than for water. Fresh
water in a soil sample may cause the clay to swell as compared with salt water,
thereby reducing k. Biological activity in the medium may produce a growth
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TABLE C.1
Physical Properties of Water
SPECIFIC MODULUS OF DYNAMIC KINEMATIC S SURFACE VAPOR
WEIGHT DENSITY ELASTICITY®* VISCOSITY VISCOSITY TENSION+t PRESSURE
TEMPERATURE ? p E/108 ux10® W0 X 108 o Do
°C) (kN/m?) (kg/m?) (kN/m?) (N-s/m?) (m?/s) {N/m) (kN/m?)
0 9.805 999.8 1.98 1.781 1.785 0.0765 0.61
5 9.807 1000.0 2.05 1.518 1.519 0.0749 0.87
10 9.804 999.7 2.10 1.307 1.3 0.0742 1.23
15 9.798 999.1 2.15 1.139 1.139 0.0735 . 1.70
20 9.789 998.2 2.17 1.002 1.003 0.0728 2.34
25 9.771 997.0 2.22 0.890 0.893 0.0720 3.17
30 9.764 995.7 2.25 0.798 0.800 0.0712 424
40 9.730 992.2 2.28 0.653 0.658 0.0696 7.38
50 9.698 988.0 2.29 0.547 0.553 0.0679 12.33
60 9.642 983.2 2.28 0.466 0.474 0.0662 19.92
70 9.589 977.8 2.25 0.404 0.413 0.0644 31.16
80 9.530 971.8 2.20 0.354 0.364 0.0626 47.34
90 9.466 965.3 2.14 0.315 0.326 0.0608 70.10
100 9.399 958.4 2.07 0.282 0.294 0.0589 101.33

* At atmospheric pressure.
1 In contact with air.

Adapted from Vennard and Street, 1975.
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TABLE A-3 MECHANICAL PROPERTIES OF AIR AT ETDARD '!
ATMOSPHERIC PRESSURE '
Specific Dynamic Kinematic 7
Temperature Density weight viscosity viscosity i
kg/m? N/m? N - s/m? \ m3/s ,\)
-20°C 1.40 13.7 1.61 x 10-5 1.16 x 10-3 :
-10°C 1.34 13.2 1.67 x 10~ 1.24 x 10-3 ’
0°C 1.29 12.7 1.72 x 10-3 1.33 x 10-¢ '
10°C B ) 12.2 1.76 x 10-3 1.41 x 10-%
20°C 1.20 11.8 1.81 x 103 1.51 x 10-3
30°C .17 11.4 1.86 x 10-% 1.60 % 10-3
40°C 1.13 1.1 1.91 x 10-3 1.69 x 10~*
50°C 1.09 10.7 1.95 x 103 1.79 x 10-%
60°C 1.06 10.4 2.00 x 10-° 1.89 x 10-% 5
70°C . 1.03 10.1 2.04 x 10~ 1.99 x 10-8 il
80°C 1.00 9.81 2.09 x 10-° 2.09 x 10-% '
90°C 0.97 9.54 2.13 x 10-3 2.19 x 10-% ‘
100°C 0.95 9.28 2.17 x 10-3 229 x 10-%
120°C 0.90 8.82 2.26 X 10°% 2.51 x 10~% o
140°C 0.85 8.38 2.34 x 10- 2.74 x 103 I
160°C 0.81 7.9 2.42 x 10 297 x 107 1
180°C 0.78 7.65 2.50 x 10-% 3.20 x 10-% :
200°C 0.75 7.32 2.57 x 10-5 3.44 X 10-° 4
slugs/f¢ < Ibi/it Ibf-s/ 1 /s :
0°F 0.00269 0.0866 3.39 x 1077 1.26 x 1074
20°F 0.00257 0.0828 3.51 x 1077 1.37 x 1074
40°F 0.00247 0.0794 3.63 x 1077 1.47 x 107*
60°F 0.00237 0.0764 3.74 x 1077 1.58 x 104
80°F 0.00228 0.0735 3.85 x 1077 1.69 x 107* ;
100°F 0.00220 0.0709 3.96 x 1077 1.80 x 10™* j
120°F 0.00213 0.0685 4.07 x 1077 1.91 x 10™*
150°F 0.00202 0.0651 4.23 x 1077 2.09 x 10™*
200°F 0.00187 0.0601 4.48 x 1077 2.40 x 10~* |
300°F 0.00162 0.0522 4.96 x 10”7 3.0 x 10~4 I
400°F 0.00143 0.0462 5.40 x 1077 3.77 x 10°*
= ;
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TABLE 3-5

NOSE DOCK 8 (S5-016) - REMEDIAL INVESTIGATION
HYDRAULIC CONDUCTIVITY OF WATER TABLE AQUIFER
DETERMINED FROM IN-SITU SLUG TESTS

SCREENED UNIT HYDRAULIC CONDUCTIVITY
WELL INTERVAL SCREENED SLUG IN TEST SLUG OUT TEST
1.D. DEPTH () ELEVATION () (crrvsec) (RJday) (cmvsec) (R./day)
MW-16-004 8-18 203.88 - 193.88 Sand NA NA 1.78E-02 50.54
MW-16-005 11.5-26.5 202.13-187.13 Sand NA NA /1;7E-02 44.49
MW-16-006 195-29.5 191.11 - 181.11 Sand QSE-OZ ) 29.68 NA NA

NA - Not available
NOTE: See Appendix G for field data.
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APPENDIX A-6
ESTIMATED AIR EMISSIONS
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TABLE1

PLATTSBURGH AIR FORCE BASE - SS-016

Comparison of Contaminant Emissions from Air Stripper and SVE to Air Guide-1

Page3oty

J\35291 INOPRONSS-01
»

CAS Registry Alr Stripper/SVE SVE Alr Stripper Combined Alr Ci _ Ci d Max. AGC % of Alowsble Calcusted Max. AGC % of Alowable Calculated Max. 8GC % of Aloweble
Number Influent Design Value Emissions Emissions Strippes/SVE Emissions Actual Annusl Impact Emissions Potential Annual impact Emissions Short Temn fmpact Emissions
CHEMICAL (2] ®AY) @) Emissions @®Hn) (om?) (o) g/ (gtn’) [Ty (o’
Dty ca 2 i
Acetons 67-84-1 230 5.00E-05 4.35E-04 4.85E-04 425 1.4E-02 14,000 0.000101% 1.4E-02 14,000 0.000101% 9.2E-01 140,000 0.000856%
Casbon Disulfide 75150 20 232603 3.00E-05 235603 20.57 6.06-02 7 0.977766% 6.8E-02 7 0.976652% 4.4E+00 70 0.625800%
1,1-Oichioroethane 75343 30 1.15€-03 4.50E-05 1.18E-03 10.44 35E-02 500 0.008947% 3.56-02 500 0.006939% 23E+00 180,000 0.001187%
1,2-Dichiorcethens (totel) 540-59-0 o 7.32€6-02 4.99E-04 71.376-02 64551 2.1E+00 1,900 0.113030% 21E+00 1,900 0.112801% 1.4E+02 180,000 0.073385%
Chioroform 67-86-3 230 $.36E-03 JME04 5.706-03 4997 1.76-01 23 0.722831% 1.7€-01 ) 0.722006% 1.1E+01 880 1.101427%
1,2-Dichioroethans 107-06-2 40 331E-04 6.00E-0S 3.91E-04 340 1.1€-02 39E-02] 29.236245% 1.1E-02 3.9E-02 29.202870% 74E-01 830 0.077926%
2-Butanone 78-93-3 160 -4.80E-05 240E-04 2.80E-04 252 8.4E-03 300 0.002798% 8.4E-03 300 0.002796% §.56-01 140,000 0.000389%
1,2-Dichioropropane 70875 100 151E-03 1.43E-04 1.65E-03 14.46 4.8E-02 156-01] 32.063240% 4.0E-02 1.56-01 32.026638% 3.1E+00 23,000 0.003762%
Trichioroethens 79-01-6 79.0 4.97E-02 1.196-03 5.09€-02 446.08 1.5E+00 45E-01] 329.778346% 1.5E+00 4.5E-01 329.401887% 9.6E+01 33,000 0.201870%
Toluene 108-88-3 67.0 3.07E-02 S.99E-04 3.17E-02 277.60 $.2E-01 2,000 0.046178% 9.2E-01 2,000 0.046125% 8.0E+01 89,000 0.087374%
Ethybenzens 100-41-4 350 1.576-02 $.29E-04 1.626-02 141.85 4.7E-01 1,000 0.047193% 47601 1,000 0.047139% J1E+01 100,000 0.030841%
Xylene (total) 1330-20-7 167.0 6.05E-02 2.506-03 6.306-02 551.64 1.8E+00 300 0.611755% 1.8E+00 300 0.611057% 1.2E+02 100,000 0.119156%
1,2-Dichiorobenzene 95-50-1 20 2.68E-04 1.50E-05 2.83E-04 248 8.2E-03 200 0.004120% 8.2E-03 200 0.004115% $.3E-01 30,000 0.001783%
2-Mathyiphenol 85-48-7 30 5.38E-07 2.25E-05 2.30E-05 0.20 6.7E-04 24 0.002759% 8.7E-04 24 0.002796% 4.4E-02 2,400 0.001817%
4-Metiyiphenol 108-44-5 680 2.09E-06 $.13E-04 5.15€-04 4.51 15602 ° 24 0.062516% 1.56-02 24 0.062444% 8.7E-01 2,400 0.040589%
Naptthelone 91-20-3 101.0 8.21€-03 757604 8.97€-03 7857 28E-01 120 0.217842% 2.6E-01 120 0.217593% 1.7E+01 12,000 0.141435%
2-Metiyyinaphthelene 91-57-8 56.0 225804 4.23E-04 6.48E-04 5.68 1.9E-02 120 0.015741% 1.9E-02 120 0.015723% 1.2E+00 12,000 0.010220%
Diethyiphthaiate £84-66-2 5.0 3.836-03 375E-05 3.87E-03 33.88 11E-01 12 0.939192% 1.1E-01 12 0.838120% 7.3E+00 1,200 0.609778%
| bis(2-Ethyhexyfptinelate 117817 2 4.14E-08 1.506-05 1.506-05 0.13 44E-04 12|  0003855% 44E-04 12 0.003550% 28E02 1,200 | 0.002373%
NOTES:
1. Alr Stripper/SVE influert Design Value - The level of contaminent assumed to be in the influent waler stream to the air stripper
and Is the level of contaminetion used to derive the concentration of contaminants in the air stream from the SVE system.
2. Emissions - Accounts the sum of smissions aftributed to both the air stripper and SVE system.
3. Assumed height of stack (Rt.): 28; buiding height Is 25 ft
4. 8GC - Short-tern Guideline Concentration
AGC - Annual Guideline Concentration
Ca - maximum Actual Annual impact
Cp - mmxdimum Potential Annual impact
Cst - madmum Short-Term impact
VRS TRIP WE Thap

o198 153847
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INFILTRATION GALLERY CALCULATIONS

J\35291.23\Wwp\SS-01 §Work-Pln\ta(cpXed)(cp)
9/17/96 4:55 PM






URS CONSULTANTS, INC. PaGE _1_oF_| b
] JOB NO. 0635291

PROJECT:  Plattsburgh AFB - site SS-016 MADE BY: M.O, DATE: 9/13/96
SUBJECT: Infiltration Gallery CHKD. BY: DATE: Ci/i??‘l
1. PURPOSE

This calculation was performed to estimate the size of the
infiltration pit that may be required at the SS-016 site. The
structure would be designed to return to the aquifer the
treated groundwater previously extracted as a result of the
effort to control the spread of the plume.

2. METHODOLOGY

It will be assumed that the gallery will be constructed by
placing a series of horizontal, perforated pipes within a
stone bedding, at a certain depth within the unsaturated
portion of the aquifer. The water will be injected into the
pipe and will accumulate within the bedding. From there, it
will percolate down into the water table.

First, it will be checked if the ground can accept the flow
rate vertically down into the aquifer. The rate of
infiltration will be evaluated by assuming that the stone
bedding acts like an open ditch. Based on Ref 1, Eg l5a:

q=k (B+AH)

Where:
g - Infiltration rate per unit length of trench, [ft?/d]
k - Hydraulic conductivity, [£ft/d]
B - Width of water surface in the trench, [ft]
A - Coefficient, function of cot o and H, [-]

cot o - Side slope of trench, [-]
H - Depth of water in the trench, [ft]

The required length of the gallery will be calculated as:
=B /g

Where:
L - Required length of the gallery, I[ft]
Q - Infiltration rate, [ft*/d]

Then, it will be determined if the aquifer can accept the
infiltrating water without mounding to the surface. To do
that, it will be assumed that the infiltration pit acts as a
recharge area within the aquifer. Based on Eq 2 of Ref 2, the

m:\ssO16cal\mound. fil
9/13/96 10:59
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JOB NO. 0535291

PROJECT: Plattsburgh AFB - site SS-016 MADE BY: M.O. DATE: 9/13/96
SUBJECT: Infiltration Gallery CHKD. BY: .d M DATE: 9 I‘; A

height of the mound underneath the recharge area is:
h? = h? +(Q/2mK) {W(up) - (r/R)%exp (-up) + [1-exp (uy) ] /u,)}
U, = R?S/4Kbt
v = Kb/S
b = average h (assume = h;)

valid for:

N

r R
t r2/2vy

v

Where:

Saturated thickness, [ft]

Initial saturated thickness, [ft]

- Infiltrating flow rate, [ft%/d]

Hydraulic conductivity, [ft/d]

- Radius of recharge area, [ft]

- Distance from the center of recharge area, [ft]
- Storage coefficient, [-]

- Time since the beginning of recharge, ([d]

TR IR0 DY
!

The maximum h will occur at r = 0 (center of the mound). Also,
for small values of uy, (y, < 0.01), the well function can be
approximated as (Ref 3, page 321):

W(u) = -0.5772 - 1ln u = 1In(0.56/u)
From that, the maximum height of the mound is:
h? = h? +(Q/27K) {1n(0.56/uy) + [1-exp (uy) 1 /u,)

For small values of y (y, < 0.01), the last term is very close
RSN, e

h? = h? +(Q/27K) [1ln(0.56/uy) + 1.0]
3. PARAMETERS

The following values of parameters will be assumed:
* Hydraulic conductivity of the aquifer - k
The slug tests performed on site (Ref 4, Table 3-5),
indicate the values of the horizontal hydraulic
conductivity on the order of 1E-2 cm/s. For horizontal K,
use:

m:\ssOQ16cal\mound . fil
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PROJECT: Plattsburgh AFB - site SS-016 MADE BY: M.O. DATE: 9/13/96
SUBJECT: Infiltration Gallery CHKD. BY: DATE: ?}I‘S/?é

K, = 1B-2 cm/s = 30 fe/d
Assume that the vertical conductivity is one order of
magnitude lower. For vertical K, use:
k, = 1E-3 cm/s = 3 ft/d
* Side slopes of the trench - cot «
Assume a 1:1 excavation:
cot a =1
* Depth of water within the stone bedding - H
Assume that water will accumulate at the bottom of the
excavation to the depth of:
Hw= 3 £&
This would correspond to a 7 ft deep trench, with 4 ft
between the ground surface and the water table (for frost
protection) .
* Width of water surface in the trench - B
Assume 35 ft wide pit:
Bp= 35 Ft
* TInfiltration rate - Q ;
Use 25 gpm (half of anticipated flow rate).
Q = 25 gpm = 4,800 ft3/d
* Saturated thickness of aquifer - h
Aquifer is approximately 50 ft thick (Ref 4, Figures 3-8,
9 and 10). Since it is becoming silty and less permeable
with depth (Ref 4, Section 3.7.2.1), use half of the
saturated thickness:
h, = 25 ft
* Storage coefficient of aquifer - S
For unconfined aquifers, usually between 0.01 and 0.25.
Here, to be conservative, assume 0.01.
S = 0.01
* Time frame - t
Assume steady state will be reached after approximately
1 year. Use:
' t = 400 days

4. CALCULATIONS

A) Infiltration capacity of the ground

Estimate the value of the coefficient A:

BY'"H'= 35 / F =12

m:\ssO16cal\mound. fil
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From Ref 1, Fig 9-6, for B/H = 12 and cot @ = 1.0, the value
of A is:

A= 3.8
Express q as a function of k:

de- {8E 3.8 ® B
46.4 k

q
q

Use vertical hydraulic conductivity of k = k, = 3 £t/d.
g = 46.4 * 3 = 139.5 ft?/d -

Calculate length of trench required to infiltrate the desién
flow rate:

L o= 4,800 / 139.2 =38 £&

B) Ability of aquifer to accept infiltrating water

Estimate the height of mound. Use horizontal hydraulic
conductivity of K = k;, = 30 ft/d.

R = (B*/m)2 = (358%/m)'? =-20 ft

U, = 20%*%0.01/4*30%25%400 = 3.3E-6 < 0.01 OK
h* = 252 + (4,800/27*30) [In(0.56/3.3E-6) + 1.0]
h? = 625 % 25.5 (12.0 # 1.0) = 958 ft?

h.=/33 £t

The rise at the center of the mound is:
rise = 31 - 25 = 6 ft

With the 10 ft unsaturated thickness on site (Ref 4, Figures
3-8, 9 and 10), this would leave 4 ft between the water table
and ground surface. This appears to be acceptable.

5. CONCLUSIONS

This calculation was performed in order to design the

m:\ssQ16cal\mound. fil
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PROJECT: Plattsburgh AFB - site $SS-016 MADE BY: M.Q. DATE: 9/13/96

SUBJECT: infiltration Gallery CHKD. BY: DATE: 7 ,3 /?6'

infiltration gallery for the SS-016 site. The function of the
gallery is to return the groundwater extracted to control the
plume back into the aquifer, following treatment. The design
was based on the total flow rate of 50 gpm. The horizontal and
vertical hydraulic conductivities of the aquifer material were
assumed as 1E-3 cm/s and 1E-2 cm/s, respectively. The
saturated thickness of the permeable portion of the aquifer
was assumed to be 25 ft.

It appears that two 35 by 35 feet, 7 feet deep infiltration
galleries should be sufficient. To provide a factor of safety,
three galleries will be wused. The galleries will be
constructed by placing perforated pipes within gravel medium.
Gravel will start at 7 feet below ground surface, and its
layer will be 4.5 feet thick. Pipes will be placed in the
center of the gravel layer, approximately 2 feet above the
bottom of excavation. The water will be pumped into the pipes
and will enter the gravel-filled gallery through perforations
in pipes. From there, it will infiltrate into the ground. The
water level within the galleries should remain at
approximately 4 feet below the ground surface.

6. REFERENCES
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238 GROUNDWATER AND SEEPAGE [Sec. 9-3

Along the botlom of the ditch, where 0 < ¢ < 8,
F = o - q Trn—1 ! t dt =
' kxJ s cos xa |sm { [[, {1 — (gt — )i Ja

$ isin—' ¢ dt
_[r (1 — p2)r+e(p? — tz)l—.} (10a)
At points ¢, where t = 8 and z = B,/2, we find

By _ q 8 tsin~! ¢di
2~ xkJ,cos 1’0_/; (T = )¥e(g? — 2)i— (10b)

Along the side of the ditch be, where 8 < t < 1,

= E_l ___g__ ern‘ qin 2 tdt
' kxJ 2 cos xa - s (1 — p)sere(iz — goyi—e

$ tsin~!'¢ dt
Rl /; (0~ ¥+t — ﬂ!)l—'] (11a)
At points b, where ¢t = 1 and z = B/2 + tH, we obtain
B0y 1§ ¥ tsin~!tdt
2 k‘l’J [ Jz = ﬁ (1 e t’)“""(t’ =X ﬂz)l_.,:l (llb)
1 tsin~'tdi
H = o J: tan ra'[ J2 — fﬁ = ) — Bz)l_‘] (11¢c)
Along the free surface ba, where 1 < | < «, from Eq. (11a) we find
R . q = ¢ {di
- | il kxJ s cosr_a[ =~ ol lt/.- (82 — 1)¥+e(p2 — g2)t—e

e - $ ¢ cosh™! ¢ dt
~1Je" cosh—' ¢ +£ = Do = ﬁ’)l"] (12q)*

Separating this equation into real and imaginary parts, we obtain for
the equation of the free surface ba,

B q t cosh~! ¢t dt ; o
R Tl == ey [ﬁ @ = )@ = g + J: sin xo cosh™' ¢

o L tadt
— cosh~ t/l O (= 52)‘-'] (12b)

We shall now derive the expression for the discharge from the ditch.
Defining

’ {sin—' tdi
-/; (l —a ‘2)“-{».(‘1 - ﬁl)l—c = fl(‘rﬁ)

i (13)
y tsin~!¢{dt
./ﬂ A =@ — gy ~ /20h)

. * We note that (1 — (2)3s*e = jeroi(y2 — 1)l+e,  Also for rear values of ¢ > 1,
sin~!{ = x/2 — tcosh™'¢.

al ] Wm0 W a K
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we have, in place of Eq. (10b),

By = 12— fi(s,8) (14a)

k1rJ 2 COS X0

and in place of Egs. (llb) and (11¢),

B — Bl i [TJ ] q
—— = |5J2 — J2(0,8)
- kJ
" ] b (14b)
H=f J’ tan o _— s j,(a,ﬂ)]
whence B =B+ %[1 . 2fz(}t,ﬁ)]
K o (14¢)
. Q =3 2.{3(7)3)
H—ik-tana‘r _l —-1'.], ]

We note in Egs. (14c) that the quantity of seepage is dependent upon the
parameters ¢ and 8 and one of the dimensions B, B,, or H, which are
related by B — B, = 2H cot ox. As was done in the previous sections,
Vedernikov takes the quantity of seepage in the form

= k(B 4+ AH) (15a)
where, from Egs. (14c), 4 is given by

= 2 fuo,8) — fi(0,8)/cos ox
tan or Jax/2 — fa(o,B)

(15b)

Taklng a series of values for « and B, Vedernikov obtained the corre-
spondence between A and B/H as given in Fig. 9-6. In this figure
m = cot « is the side slope of the ditch.

44
4.0 -
: 1.0_ 1A
: . m’ll/
.6 5 ==
5 /r m%l- ’_/_ ool
3.2 /, 52(‘ "’/
" 7 55
2 e / "« 1. ’3- ]
J A 1A 2 :
A A
o IiINAV 47%P m=cot @
@ a
20 e
03 II
1.6
(4] S 10 15 20
8y

Fic. 9-6. (After Vedernikov [151).)
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p’

% ////,GY//////
% //////////////

(e)
Fia. 9-5

Taking an auxiliary ¢ plane as shown in Fig. 9-5d, we obtain for the
mapping of the dz/dw plane onto the lower half plane of ¢

d " tdt
ﬁ = M/; a-— 12)tete(g2 — [ wo B M) + N (1)

;vhere ¢ = afx, and &(?) is the indicated integral. In particular, we shall
efine

# tdt
Ji=8@) = /; (1 — e)H (g2 — )i~
S / 1 Ldt @
(1 — g2)¥te(er — 83—

Substituting (2 — 8?)/(1 — 8?) = z into the second of Egs. (2), we find
that (cf. Sec. B-7)

=—l — )Y~ —l Z FUF}/_G
Js 23,[,3-—1(1 z)u—dx_2_y3(,,}2_,)=%
(3)

where 8’ = (1 — g3)%,
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To eliminate the constant N in Eq. (1), we note that at points c,
t = 8, and the velocity is infinite (dz/dw = 0); hence

and & = M@ - 71 @
To evaluate the constant M in Eq. (4) we note that at points b, where
u = k sin xo cos xo, v = —k cos? 7o, dw/dz = u — v = kie~*" cos =g,

and t =1,
klier-'- = MBI — 3 {-con v

Now, noting in the second of Eqs. (2) that
(ﬂz g tz)l—v = _e—in(t: — ﬂz)l—c

we have
i tdt
Q(t) e Jl e A (l = t*)’“"(t’ iy ﬁz)l—'
&) =J, — evoJ, (5)
hence
i
¥ o kJ 2 COS 70 ®)
d & _ (s —J) )
= dw  kJ 2 COS wo !

The mapping of the w plane (Fig. 9-5¢) onto the lower half of the
¢t plane is given by (cf. Sec. 4-7)

=!‘g. in—1
w = —sin"'¢ 8)

Now multiplying Eq. (7) by the derivative of Eq. (8) with respect to ¢,
we find that

dz _dzdw _ _ ql®@t) — Ji]
dt  dw dt kxJicosxo /] — 2
which, after integration with respect to ¢, yields
s~ By Zos = [ o‘ \;% — J8in™! t] (9a)
For the integral in Eq. (9a) we integrate by parts.
¢ () dt tsin~! ¢ dt

‘ == ®(t) sin—1 ¢ — [ = %@ — fy= (9b)

We shall now consider Eqs. (9) for the various parts of the flow region.



Estimation of Leak Rates from

Underground Storage Tanks

by Benjamin S. Lévy?, Peter J. Riordan®, and Robert P. Schreiber®
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Abstract

A methodology for estimating the rate and volume of leakage from an underground storage tank (UST) is presented; by
estimating leak rate and volume, the leak duration may be calculated. This is accomplished by measuring liquid hydrocarbon
thickness upon the water table at two or more monitoring wells located at differing distances from the leaking UST. The
methodology is based on Hantush (1967, 1968) and uses type-curve fitting. Two solutions are developed: one for the case of
a flat, rigid water table, and another for the case of a deflected water table. These solutions provide upper and lower estimates
for leak rate and duration. The use of the technique is demonstrated by its application to a field case. The technique is best
applied to sites with medium- to coarse-grained sands and gravels with minimal capillary effects; application of the technique
to sites of fine-grained porous media may produce unreasonable resuits.

Introduction

The need for improved monitoring of the thousands
of underground storage tanks (USTs) in the United States
has prompted research into the movement and monitoring
of liquid hydrocarbons in the subsurface. Observation of
liquid hydrocarbon pooled on the water table has been used
as one means for determining whether a UST leak has
occurred. This paper presents an analytical approach
developed to analyze the spreading of fluids which are
immiscible in water and are less dense than water. These

fluids, such as gasoline and oil, tend to pool upon the water = ~

table if introduced in sufficient quantity.

The development and propagation of a mound of
liquid hydrocarbon upon a water table below a leaking UST
was addressed with an analytical technique, based on
equations from Hantush (1967), that constitutes a pragmatic
approach to modeling of liquid hydrocarbon flow in the
subsurface. Using this analytical technique, the leak rate,
volume, and duration can be estimated based on measure-
ments of liquid hydrocarbon thickness in monitoring wells.
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The analyst may assume that the water table is flat or that
it is deflected by the liquid hydrocarbon, placing upper and
lower limits on the estimates of leak rate and duration.
Analysis of a field site with the technique substantiated its
applicability.

Theory

Hantush (1967) developed analytical expressions to
describe the growth of a ground-water mound in response
to percolating water from a circular recharge basin. Accord-
ing to Hantush (1967), the flow of water below a circular
recharge basin is approximated by:

9*Z/3r? + (1/r) + dZ/3r + 2wf(r)/K = (1/v) » 8Z/3c (1)
with the initial and boundary conditions of:

Z(r,0)=0; Z(*2, t) = 0; 4Z(0, t)/0r = 0;

and f(r)=1forr<R; f(r)=0forr>R;

where v = Kb/S; Z = h? —h?; K = fluid conductivity, [L/T];
S = storage coeffieient, {L¥L3/L]; r = radial distance away
from the recharge area, [L]; t = time since recharge began,
I'T); h = height of water table above base of aquifer, (L];
h; = initial height of water table, [L]; w = percolation rate
per unit area, [L¥%T/L?); b = average saturated thickness,
{L];and R = radius of circular recharge area, [L].
Hantush’s solution to equation (1) is:

h? ~(h;)? = (Q/27K) * [W(uo) ~(t/R)? * &0 + (1 —¢""%)/u,)
)
for r <R and t > r?/2v, and



h? — (hj)? = (Q/27K) * [W(u) + (ug/2) ™" (3)
forr>Rand ¢ > R%*2v, and

u = r?S/4Kbt 4)

uo = R?$/4Kbt (5)

where Q = percolation rate, [L3/T], which may be expressed
in terms of:

Q= 1'rr2w (6)

The expression for the growth of a ground-water
mound from a circular recharge area can approximate the
accumulation of liquid hydrocarbon upon the water table
(Figure 1). To do this, the kinematic viscosity of the fluid
must be estimated for the liquid hydrocarbon; the hydraulic
conductivity of the porous medium is scaled accordingly to
reflect the permeability of the medium to the liquid hydro-
carbon, instead of to water.

General Assumptions

It is assumed that:

® the leak in the UST can be approximated by a
circular recharge area through which percolating liquid
hydrocarbon flows at a steady rate, causing the growth of a
mound of liquid hydrocarbon upon the water table;

® no significant portion of the liquid hydrocarbon is
lost to dissolution or volatilization;

® the measured liquid hydrocarbon in monitoring
wells can be corrected to accurately reflect the actual
thickness of liquid hydrocarbon in the formation;

@ the aquifer is homogeneous and isotropic;

@ the hydraulic conductivity and the storage coeffi-
cient are constant in time and space; '

® the aquifer is infinite in areal extent; b

® the aquifer base is horizontal and impermeable; and

® the percolation begins instantaneously and is
constant with time. _

Estimates of duration represent the length of time
during which liquid hydrocarbon has accumulated upon the
water table and do not incorporate any time required to

Watez
Table

Fig. 1. Cross section of typical UST site.

(5 10 ot Lo

traverse the vadose zone from the leaky UST to the water
table.

Assumptions Concerning Measured Hydrocarbon
Thickness

For the purpose of the application of the leak rate
and duration estimation technique, values of liquid hydro-
carbon thickness obtained in a field case were used. These
values had been measured in monitoring wells and had not
been corrected for density and capillary fringe effects
(Katyal, 1989; personal comm.). As an approximation, the
CONCAWE factor, described by de Pastrovich et al. (1979),
was used to correct the liquid hydrocarbon thickness
measured in the monitoring wells to liquid hydrocarbon
thickness in the surrounding aquifer. The CONCAWE factor
relaves the liquid hydrocarbon thickness measured in a
monitoring well to that in the aquifer by:

h=h""*(pw =~ 0o)Po (7)

where py, = liquid density of water, [M/L3};

Po = liquid density of liquid hydrocarbon, [M/L?];and
h' = liquid hydrocarbon thickness measured in the
monitoring well, (L]. -

This is not to suggest that the CONCAWE factor
accounts entirely for the differences between measured
monitoring well thickness and formation thickness of
hydrocarbon. It is not the purpose of this paper to
investigate the details of this issue.

Much recent research, however, has focused on the
determination of the actual thickness from measurement of
apparent thickness in monitoring wells. Knowing whether
the liquid hydrocarbon thickness detected in a monitoring
well reflects the actual thickness in the formation will be
very important to investigators seeking to assess the extent
of contamination and the severity of a leak.

Correction factors for the weight of liquid hydro-
carbon product and the thickness of the capillary fringe
have been proposed (de Pastrovich et al., 1979; Hall et al.,
1984), although Hampron and Miller (1988) suggest that

“there is no clear relationship in their review of correction

factors. Other research has focused on the estimation of
actual product thickness from hydraulic analysis of well
response (Hughes et al., 1988) and from geophysical
applications (Keech, 1988).

Development
Nondeflected Water Table

Equation (3) can be used to estimate the growth of
the liquid hydrocarbon mound upon the water table. If it
is assumed that no liquid hydrocarbon exists on the water
table prior to the initiation of the leak (i.c., hj = 0), then
equation (3) reduces to:

h? = (Q/27K) * [W(u) + (ug/2) * ¢] (8)

Equarion (8) assumes that the water table is not
deflected under the overlying weight of the liquid hydro-
carbon. This condition is further considered below to allow
for the deflection of the water table.

Equation (8) can be rearranged as a funcrion of u:
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8-5 UNSTEADY FLOW TO A WELL IN A CONFINED AQUIFER 321

This is also the solution given by Theis (1935) in the form
s(r.t) = ¢o — @(r.t) = (Q,/4rT) W (u):

® (8-61)
W(u = — Ei(—u) = J (e™*/x)dx

X =u

where W (u) is the well function of u = Sr?/4Tt for a confined aquifer (Jacob, 1940).
The integral —Ei(—u) is the exponential integral (Jahnke and Emde, 1945).
Table 8-2 and Fig. 8-14a give values of W (u). Theis (1935) obtained (8-61) by
analogy to heat flow.

Equation (5-190) gives the drawdown s = s(r, t) for an anisotropic aquifer.

Figure 8-14b shows the drawdown s(r, t). An inflection point occurs at u = 1
(that is, t = Sr?/4T). Thereafter, the rate of drawdown ds/t (= —d¢p/dt) de-
creases, but theoretically never vanishes.

The well function (or the exponential integral) is obtained from the series

Wu)=—05T2 —Inu+u—u?2 x2'+u>3 x 3! —u/4 x 4! + ...

For small values of u, say. u < 0.01 (i.e., for a large time at a given distance),
this series may be approximated by its first two terms (Cooper and Jacob, 1946:
Jacob, 1950)

Qu <— 0.5772 — In
nT

(8-62)

s(r,t) =

r?s ) 0. 225 Tt
= In
Tt 4zT r’s

With this approximation, plotting s = s(In t), s = s(In r) and s = s[In(r?/t)] gives
straight lines (see Sec. 11-1).

a confined aquifer (after Wenzel, 1942)

N x 1077 Nx10"® Nx10"* Nx10"* NxI10"® NxI10"2 Nx107' N

15.5409 13.2383 10.9357 8.6332 6.3315 4.0379 1.8229 0.2194
15.1354 12.8328 10.5303 8.2278 5.9266 3.6374 1.4645 0.+000
14.8477 12.5451 10.2426 79402 5.6394 3.3547 1.2227 0.04890
14.6246 12.3220 10.0194 7.7172 54167 3.1365 1.8443 0.02491
14.4423 12.1397 9.8371 7.5348 5.2349 2.9591 0.9057 0.01305
14.2881 11.9855 9.6830 7.3807 5.0813 2.8099 0.7942 0.006970
14.1546 11.8520 9.5495 7.2472 4.9482 2.6813 0.7024 0.003779
14.0368 11.7342 9.4317 7.1295 4.8310 2.5684 0.6253 0.002073
13.9314 11.6280 9.3263 10242 4.7261 24679 0.5598 0.001148
13.8361 11.5330 9.2310 6.9289 4.6313 23775 0.5034 0.0006409
13.7491 11.4465 9.1440 6.8420 4.5448 2.2953 04544 0.0003601
13.669t 11.3665  _ 9.0640 6.7620 4.4652 22201 04115 0.0002034
13.5950 11.2924 8.9899 6.6879 4.3916 2.1508 0.3738 0.0001155
13.5260 11.2234 8.9209 6.6190 4.3231 2.0867 0.3403 0.0000658
13.4614 11.1589 8.8563 6.5545 4.2591 2.0269 0.3106 0.0000376
13.4008 11.0982 8.7957 6.4939 4.1990 1.9711 0.2840 0.0000216
13.3437 11.0411 8.7386 6.4368 4.1423 1.9187 0.2602 0.0000124
13.2896 10.9870 8.6845 6.3828 4.0887 1.8695 0.2387 0.0000071
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3.7.2 Site Geology

The stratigraphic sequence at SS-016 comprises, from the top down: stratified deposits of sand/gravel:
silt and clay, glacial till, and limestone bedrock. Figure 3-7 depicts the locations of cross-sections A-A', B-B',
and C-C', which are shown on Figures 3-8 to 3-10, respectively. The depth and thickness of the
unconsolidated deposits vary across the SS-016 area, although the composition and texture of the deposits
appear to be similar. Each of these units is described below. A summary of the geotechnical analyses
performed on samples of each of the units is provided in Table 2-2. The complete geotechnical testing report

may be found in Appendix H.

3.7.2.1 Sand/Gravel

This unit is characterized as generally fine to medium stratified sand with occasional interstratified
layers of coarser sand, silt, and gravel. Typically, the sand is brown above the water table, but gray beneath
it. This is due to reducing conditions below the water table. The thickness of the sand unit ranged from
approximately 45 feet at SB-16-04 to 59 feet at SB-16-05. The sand unit commonly becomes finer-grained
with depth, grading texturally into the underlying silt and clay unit. Table 3-2 depicts the grain-size

distributions and other geotechnical characteristics of the sand and underlying silt and clay units defined as part - -

of this study.

3.7.2.2 Silt and Clay

This unit is characterized as a gray, soft to hard silt and clay. The plasticity index of the unit generally
increases with depth, as does clay content. The silt and clay unit was encountered at depths ranging from 45
feet at SB-16-04 to 60 feet at SB-16-01 and SB-16-05. The thickness of the silt and clay unit was not
determined as part of this study. However the thickness of the unit was determined at several locations across
PAFB during previous investigations. ~

Malcolm Pirnie (1993) reported that the silt and clay unit ranges from 23 feet thick at the western edge
of the base (PZ-4) to 4 feet thick at the eastern side of the "old base” (PZ-1). The silt and clay unit was absent
at PZ-3 (northeast portion of PAFB), MW-23-007 (southwest side of LF-023), and at cone penetrometer
location CP-02-007 (along the west edge of the flightline apron).

3.7.2.3 Glacial Till

Borings made during this study were not advanced to the till layer, however, glacial till was
encountered in all of the basewide bedrock piezometer borings installed by Malcolm Pirnie (1993). The
thickness of the till at the piezometer locations ranged from 5 feet to 111 feet (Malcolm Pirnie 1993).

The glacial till was characterized by Malcolm Pirnie (1993) as a poorly-sorted silty sand and clay
mawrix with frequent gravel and cobbles, and occasional boulders. The till was typically gray and medium
to very dense. Split-spoon refusal was common while sampling in this umt and at several locations intact till
cores were initially mistaken for bedrock.

Together. the glacial till and overlying silt and clay make up a low-permeability confining layer
separating the sand and bedrock aquifers. Figure 3-11 shows the top-of-confining-layer, inclusive of all

135291, 12/wp/SS-016. RI/cptmm)(ta)
172/96:16:09 3-15
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TABLE 3-§

NOSE DOCK 8 (S5-016) - REMEDIAL INVESTIGATION
HYDRAULIC CONDUCTIVITY OF WATER TABLE AQUIFER
DETERMINED FROM IN-SITU SLUG TESTS

SCREENED UNIT HYDRAULIC CONDUCTIVITY
WELL INTERVAL SCREENED SLUG IN TEST SLUG OUT TEST
1.D. DEPTH (ft.) ELEVATION () {cm/sec) (ft./cay) (cm/saec) (ft./day)
—
MW-16-004 8-18 203.88 - 193.88 Sand NA NA 1.78E-02 50.54
MW-16-005 11.5-265 202.13- 187.13 Sand NA NA 1.57E-02 44.49
MW-16-006 19.5-295 191.11 - 181.11 Sand 1.05E-02 29.68 L NA NA

NA - Not available
NOTE: See Appendix G for field data.

3-32
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APPROXIMATE
‘LOCATION OF
FORMER UST

=3 MW-16-00t

AMW-16-004

Z{Mw-16.007

ELEVATION ABOVE MEAN SEA LEVEL (FEET)
ELEVATION ABOVE MEAN SEA LEVEL (FEET!

SAND
SILT AND CLAY

NOTES:

1. GEOLOGICAL CONDITIONS SHOWN ARE REPRESENTATIVE
OF THE CONDITIONS ENCOUNTERED AT EACH BORING
LOCATION TO THE DEPTH DRILLED. EXTRAPOLATIONS
BETWEEN BORINGS HAVE BEEN INTERPRETED USING
STANDARDLY ACCEPTED GEOLOGIC PRACTICES AND
PRINCIPLES ACTUAL CONDITIONS MAY VARY BETWEEN
BORINGS FROM THOSE SHOWN.

MONITORING WELL NUMBER

v [ B

M
N
o
N
o
(o]

POTENTIOMETRIC SURFACE

(GROUNDWATER ELEVATION (12/2/93)) 60 0 60
SCREENED INTERVAL OF o —————
MONITORING WELL SCALE IN FEET

HORIZONTAL SCALE IN FEET
RO T TN VERTICAL EXAGGERATION = 2x

. ELEVATIONS BASED ON TRANSVERSE MERCATOR
PROJECTION, EAST ZONE. NORTH AMERICAN DATUM 1983.

PLATTSBURGH A.FB. SS-016
CROSS-SECTION A-A’
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“[58 |2 APPLICATION FOR PERMT YO DESGHARGE WASTEWATER

: EPA EXISTING MANUFACTURING, COMMERCIAL, MINING AND SILVICULTURAL OPERATIONS
Consolidated Permits Program

Plesse print or type in the unshaded areas only.

For each outfall, list the latitude and longitude of its location to the nesrest 15 seconds and the neme of the receiving weter.
m | XX SUTFRLL B. LATITUDE C. LONGITUDE

‘NUMBE® D. RECEIVING WATER (name)
(lise, 1. o8e. 2 miw. | 3. sme. 1. DES. 3. min. | 3. see,
1 oo 4l 39 | 31 73 T Storm Sewer
» OR
- 001 44 39 29 73 27 37 Groundwater Injection

It. FLOWS, SOURCES OF POLLUTION, AND TREATMENT TECHNOLOGIES

1 A. Attach 8 line drewing showing the wster flow through the facility. Indicete sources of intake water, operations contributing westewater ta the effluent,

and trestment units lasbeled to corvespond to the more detsiled descriptions in item B. Construct a weter bslance on the line drawing by showing average

- flows between intakes, operstions, trestment units, and outfalls. If s water balance cannot be determined (e.g, for certein mining activities), provide a

- Mmmdmmwmdmmdmmmumcmm

. {8 For sech outfeil, provide s description of: (1] All operations contributing wastswater 1o the effiuent, INCGIUGING Process westewatsr, sanitary wastewater,
cooling watsr, mdl?mmmnoﬂ mmmmwwwumm mmmmmmwmm Continue

on additional sheats if necessary.

T ir.ourd 2. OPERATION(S) CONTRIBUTING FLOW. 3. TREATMENT
Ml & OPERATION (list) . N & DESCRIPTION AL 2C o
Groundwater Withdrawal 50 gpm Low Profile Air Stripper XX

= | oo (50 gpm water, 300 cfm air)

T Carbon Adsorption 2-A
L Outfall to Storm Sewer 4=-A
OR

Groundwater Withdrawal 50 gpm Low Profile Air Stripper XX
| " (50 gpm, 300 cfm Air)
Carbon Adsorption 2-A
2 Outfall to Groundwater 4-D
- =
L

= £

L OFFPICIAL USE ONLY (affluent guldslines sub-categories)




NTIN FR FRONT
C. Except for storm runoff, lesks, or spills, are sny of the discharges described in items |1-A or B intermittent or ssesonal?
] v=s (compiete the following table) . EXIno (go to Section III) I
3. FREQUENCY 4. FLOW

b. MONTHS

s FLOW RATE

b TOTAL VOLUME

1. OUTFALL 2. OPERATION(s) a. DAYS 4
NUMBER CONTRIBUTING FLOW rEn waek (rEn vEAR — 7:'"_"":’ — iroat/y Spfuesisn b

, o b (] . |
(list} (list) m m avenaes ':4.:'3" ; ::::::: 7, s .::A‘:::"- {in days)

‘ ' |

iii. PRODUCTION

A. Does an effiuent guideline limitation promuigated by EPA under Section 304 of the Clean Water Act apply to your facility?
] vES (complete Item II1-B) K no (to to Section IV)

8. Are the limitations in the applicabie effiuent guideline expressed in terms of production (or other messure of operetion)?
] ves (complete Item II1-C) KAwno (g0 to Bection IV)

C. lfyouanswered “yes" to item lii-B, list the quantity which represents an actusi meassurement of your level of production, expressed in the terms and units
used in the applicable effluent guideline, and indicate the affected outfalis.

1A AILY PRODUCTION

C. OPENATION, PRODUCT, MATERIAL, ETC.

(specify)

2. AFFECTED

!
1
1

a. QUANTITY PRA DAY b. UNITS oF MEASURSE (list outfall numbers)

NA

IV, IMPROVEMENTS

A. Are you now required by any Federsl, State or local authority to meet any impiementation schedule for the construction, upgrading or operation of waste-
water treatment equipment or practices or any other environmental programs which may sffect the discharges described in this application? This includes,
but is not limited to, permit conditions, administrative or enforcement orders, enforcement compliance schedule letters, stipulations, court orders, and grant

or ioan conditions. {X] v&s (complate the following table) [J~o (go to Item IV-B)

. P "M
4, FINA COT!

1. IDENTIFICATION OF CONDITION,| 2. AFFECTED QUTFALLS
3. BRIEF DESCRIPTION OF PROJECT |
ABRFIM ENT, ETC. s.ne.l b P L s ..‘."==-° h.e-:a ]
Federal Facilities Interagency Agreement Between USAF, USEPA, and
Agreement (FFA) New York State Department, of Environmental
Conservation (NYSDEC)
Docket No. |}

CERCLA - FFA - 10201

/

B. OPTIONAL: You may attach additional sheets describing any additionsl water poliution control programs (or other environmental projects which may atfect
your discharges) you now have underway or which you plan. indicate whether each program is now underway or pienned, and indicate your actual or

pianned scheguies for construction. [TjyarK *X' 1F DESCRIPTION OF ADDITIONAL CONTROL PROGRAMS IS ATTACHED

e g e s me DR b A i



]

“ CONTINUED FROM PAGE 2

JtrA 1.0. NUMBER (copy from Item 1 of Form 1) |

V. INTAKE AND EFFLUENT CHARACTERISTICS

_J A, B8,&C: See instructions before proceeding — Compiete one set of tabies for each outfall — Annotate the outfail number in the space provided.
NOTE: Tables V-A, V-8, and V-C are inciuded on separate sheets numbered V-1 through V-8. :

D. Use the space below 1o list any of the poilutants listed in Table 2¢-3 of the instructions, which you know or have resson to believe is discharged or may be

- discharged from any outfall. For every poliutant you list, brisfly describe the reasons you believe it to be present and report any analytical data in your
[ possession,
t. POLLUTANT 2. SOURCE 1. POLLUTANT 2. SOURCE
oy
L} Carbon Disulfide 2ug/L, MW-16-003

Mt Xylene

250ug/L, MW-16-004

VI. POTENTIAL DISCHARGES NOT COVERED BY ANALYSIS

Is any pollutant listed in item V-C a substance or a component of a substance which you currently

use or manutacture as an intermediate or final product or

(O] ves (list all such pollutants below) XIno (go to Item VI-B)

=
ol Phenanthrene

Di-n-~butylphthalate
e Fluoranthene
. Butylbenzyliphthalate
J Benzo(a)anthracene
- Chrysene

Benzo(b)fluoranthene

~ Benzo(k)fluoranthene

alpha-~BHC
beta-BHC
4,4'-DDE
> 4,4'-DDT

ol Cadmium

Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene

Endrin Ketone

Endosulfan Sulfate




CONTINUED FROM THE FRONT
Vii. BIOLOGICAL TOXICITY TESTING DATA
Do you have sny knowiedge or resson to beilieve that any biological test for acute or chronic toxicity has been mede on any of your discharges or on 8
receiving watsr in reistion to your discharge within the lutaym?

] vus (identify the test(s) md describe their purposes below) XXIno (go to Section VIID)

S BN e

[ |

[VINCONTRACT ANALYSIS INFORMATION

Were any of the analyses reported in item V performed by 8 contract laboratory or consuiting firm? =
ist the nam. 1! ber ollutants NO to Section IX .
&v:s - onalysed by, m.m labomlt?n%':-‘fglunm o{ e D e - -
3 PRASNE | D. POLLUTANTS ANALYZED
bt T (area code & no.) (list) -
Ecology and Environment, Inc. 4493 Walden Avenue —:
Lancaster, NY 14086
| ]
=
=
-
B b
L=
o
L

IX. CERTIFICATION

1 certify under penaity of law thet this document and afl attechments were prepared under my direction or supervision in sccordance with a system desi
assure that qualified personnel properly gather and evaluate the information submitted. Based on my inquiry of the person or persons who manage the system or
those persons directly responsible for gethering the information, the information submitted is. to the best of my knowledge and beliel, true, accurate, and

1 am awaere that there sre significant penaities for submitting faise information, including the possibility of fine and imprisonment for knowing violations. |

A. NAME & OFFICIAL TITLE (type or print) B. PHONE NO. (area code & no.)
]
C. SIGNATURE D. DATE SIGNED P
| ]
-

PAGE 4 OF 4 "



EASE PRINT OR TYPE IN THE UNSHADED AREAS ONLY. You may report some or all of
s information on separate sheets {use the same format] instead of completing these pages.

E INSTRUCTIONS.

. INTAKE AND EFFLUENT CHARACTERISTICS {continued from page 3 of Form 2-C)

ART A - You must provide the results of at least one analysis for every pollutant in this table. Complete one table for each outfall. See instructions for additional details.

[EPA 1.D. NUMBER (copy from Item I of Form 1)]

OUTFALL NO

0o1

2. EFFLUENT (SEE NOTE BELOW)

3. UNITS

4. INTAKE (optional)

ify if blank
POLLUTANT | s mMaxiMumM DALY vaLuE [P """“"‘(.’f'.‘.‘uiﬂa‘é‘(ég" b el avallabley VA-UE ﬁd NO. OF co(::::y et VERAGE VALUE b. NO OF
& 3 a. =
- 3 CQ!!CE‘HIT'_RA'I'IQN ('l =y CQN(ZF.!!‘I!NAVION |Z' i CONCI‘N“I’.!TIO" ‘!' bh g ANALYEE> TRATION h e CONCEL“?NA'ION ‘:. MAsS e =y
Biochemical ]
;tovge,n Demand 20 NA NA NA 5 NA 0 mg/L NA Unknown Unknown 0
Chemical
::oygo)n Demand 240 NA NA NA 45 NA 0 mg/L NA Unknown Unknown 0
Total Organic f
srbon (TOC) Unknown NA NA NA Unknown NA 0 mg/L NA Unknown Unknown 0
Total Suspended
S (TAS) 20 NA NA NA 6 NA 0 mg/L NA Unknown Unknown 0
A i N
mmonia (a5 N | Unknown NA NA NA Unknown . NA 0 mg/L NA Unknown Unknown 0
VALUE VALUE VALUE Design VALUE Design
i Gwy 50 gpm 50 gpm 50 gpm Value NA NA 50 gpm Value
Tempersture WARLTLE VALUE VALUE = VALUE
iifer) NA NA 10 0 NA
VALUE VALUE VALUE VALUE T
Temperature 0 e
ummer) NA NA 25 NA
MINIMUM  [MAXIMUM MINIMUM MAXIMUM
pH 6 8 NA NA 0 STANDARD UNITS

ART B -  Mark “X" in column 2-a for each pollutant you know or have reason to believe is present. Mark "X’ in column 2-b for each pollutant you believe to be absent. If you mark column 2a for any poliutant
which is limited sither directly, or indirectly but expressly, in an effluent limitations guidetine, you must provide the results of at least one analysis for that poliutant. For other pollutants for which you mark
column 2a, you must provide quantitative data or an explanation of their presence in your discharge. Complete one table for each outfall. See the instructions for additional details and requirements.

.POLLUT- |2- MARK ‘X’ 3. EFFLUENT 4. UNITS S. INTAKE (oprional)

ACNA'I;?‘NO.D LI"-::E‘L?‘_V.:' 8. MAXIMUM DAILY VALUE b. MAXI&?HPadvgﬂ‘IBG)Y VALUE |C.LONG Tﬁn’hvﬂaﬂn\&nf. VALUE d'ANNOAL?_F g o — A\aI'ELROA':;%.'\lIEARLTJE PAN:AE_F

if available) ::";; “t."-' couccr‘c’r’unnon k) isais s cnm:z‘#r‘uhnou iiaze cCONCY r“lr)nAnou {2) mass - YSES Pt . CONC n.N'vuAncm {7) Mass YSES
Bromide

4959-67-9) Unknown 0

. Chlorine,

otal Residual Unknown 0
Color 0

Unknown

. Fecal

oliform Unknown 0

. Fluoride

1698448 -8) Unknown 0
Nitrate— ﬂ o

1trite (as N) Unknown 0

-

EPA Form 3510-2C (8-90)

AT

PAGE V-1

Crtimatad hacad an data from similar site.

CONTINUE ON REVERSE



FEM V-B CONTINUED FROM FRONT
_ POLLUT- |2 MARK ‘x* 3. EFFLUENT 4. UNITS 5. INTAKE (optional)

ANT AND ]b. ec. b. MAXIMUM 3 Y VALUE [C.LONG TERM TVALUE B e
CAS NO. L’.'-..s.: "Pi‘Z:° 8. MAXIMUM DAILY VALUE (H,,,,L,:I,,gfg, TTuhabier 4. NO.OFl, coNCEN:| | mass AVHCNS RN e . No.OF
SR : 2 TRA -

(if available) el midel couc:r!n"r)unnon (7) mass conc:!"r,nnnou (3) mass CONCEE)NATION {2) mass YSES THON CONC(E,]..",O,, (2) mass YSES

Nitrogen, .
ot;ll Organic Unknown Unknown 0
1 Ny

. Ol and
;rease Unknown Unknown - 0

Phosphorus
15 F'), Totsl
7723-14-0) Unknown Unknown 0

Radloactivity

1) Alpha,
otel - Unknown Unknown 0

2) Bets,
'oll! E i Unknown Unknown 0

3) Asdiuim,
-otal Unknown . Unknown 0

4) Radium
26, Totel . Unknown Unknown 0

- Sulfate

as $04)
ot A Unknown Unknown 0

. Suifide
s 8) - Unknown Unknown 0

n. Sulfite :
as 803) i Unknown
vathe 5T Unknown 0

. Surfactants Unknown Unknown R

. Aluminum,
otal
7429-90-8)
T El um,
‘otal -

7440-39-3) X 231 ug/L 231 MW-16-002 {10/12

. Boron,

;0:::}420) [ Unknown Unknown 0

_ Cobalt,
[’oul - Unknown Unknown 0
. Iron, Total
7439-89-6) Unknown Unknown 0

_ Magnesium,
[otal

7439.95.4) e il . Unknown 0
 Molybdenum, i
fotsl - nknown 0
7439-98-7) Unknown

. Msngenese,

[otal
7439-96-8) Unknown Unknown : Y

Unknown
nkno Unknown 0

v. Tin, Total
1440-31-6) Unknown Unknown Y

. Titsnlum,
[otsl
7440-32-6) Unknown

. s N, A A Ga : o 'S =m - By s o o ﬁcon}nuugou;mgv-;

Unknown 0




—-—

P

TINUED FROM PAGE 3 OF FORM 2.C

P 3

5 R

Bl |

%

EPA 1.D. NUMBER (copy from Item ! of Form 1)

001

OUTFALL NUMBER

\RT C - Myouare aprimary industry 8nd this outfall contains process wastewater, refer 1o Table 2¢-2 in the instructions to determine which of the GC/MS fractions you must test for. Mark “'X"* in column
2-a for all such GC/MS fractions that apply to your industry and for ALL toxic metals, cyanides, and total phenots. If you are not required to mark column 2-a (secondary industries, nonprocess
wastewater outlalls, and nonrequired GC/MS fractions), mark **X"* in column 2-b for each pollutant you know or have reason to believe is present. Mark X' in column 2-c for each pollutant you
believe is absent. Iif you mark column 2a for any pollutant, you must provide the results of at least one analysis for that pollutant. If you mark column 2b for any pollutant, you must provide the results
of at least one analysis for that pollutant if you know or have reason to believe it will be discharged in concentrations of 10 ppb or greater. If you mark column 2b for acrolein, acrylonitrile, 2,4
dinitrophenol, or 2-methyl-4, 6 dinitrophenol, you must provide the results of at least one analysis for each of these pofiutants which you know or have reason to believe that you discharge in
concentrations of 100 ppb or greater. Otherwise, for poliutants for which you mark column 2b, you must either submit at least one analysis or briefly describe the reasons the pollutant is expected to
be discharged. Note that there are 7 pages to this part; please review each carefully. Complete one table (a// 7 pages) for each outfall. See instructions for additional details and requirements.

B':.LU':ANT 2. MARK ‘X' 3. EFFLUENT 4. UNITS S. INTAKE (optional)

;Uaggg arestibex-]cee-| a. MAXIMUM DAILY vALUE | MAXIMPY 30 BAY VALUE 1C.LONG YRR Vallabft ] VALYE [a no.oF] | o ucen- 3 8 LONG TERM _ [b No.OF

i disiiabla}. Q.:fn;- :..:; 'Ag.';' CONC!!:JIATloN (2) mass CONCIL"I!RATION (2) mass couczvlq"rlua'nou (z) mass AY:G;- e Tk i "!':Ao‘rulg:“- (2) mass AY';:;.-

'ALS, CYANIDE, AND TOTAL PHENOLS

.f{'v'l’l'&’-"a'é.o) ug/L Unknown 0
Arsenic, Total

10-38-2) X < 24,8 ug/L 24.8 MW-16-004 | 4/12
Beryllium,

17440-41-7) ug/L Unknown 0
Cadmium,

1 (7440-43.9) X | ND ug/L ND 0/12
Chromium, ]

1 (7440-47-3) X < 4.3 ug/L 26,3 MW-16-004 | 3/12

, Total

m ug/L Unknown 0

Load, Totsl

9-92:1) X < 27.6 ug/L 27.6 MW-16-004 | 6/12
Mercury, Total X ND

39-97-6) ug/L ND 0/12
Nickesl, Tots)

40-02-0) ug/L Unknown 0

i. Selenlum,

ol (7782-49.2) X | ND ug/L ND 0/12

. Silver, Totsl

40-22-4) X < 6.5 ug/L 6.5 MW-16-005 | 1/12

1. Thetllum,

sl {7440-28-0) ug/L Unknown 0

A. Zinc, Totsl

40-66-6) ug/L Unknown 0

A. Cyanide,

sl (67-12-5) ug/L Unknown 1]
o W [

;l i ug/L Unknown 0

>XIN

7.8-Tetra- GESCRIBE RESULTS

>rodibenzo-P- Unknown

xin {1764-01-6)

A Form 3510-2C (8-90) PAGE V-3 CONTINUE ON REVERSE




NTINUED FROM YHE FRONT

POLLUTANT 2. MARK ‘X' 3. EFFLUENT ’ 4. UNITS 5. INTAKE lopriolnal;
AND CAS b. M3 Y VALUE [c.LONG TERM - VALUE 8. LONG TERM . NO.
NUMBER e o s il S0 & MAXIMUM DAILY VALUE "“""‘}ymﬂae ) < (i cvallable dANNOAE-F s.concen] | ass ""::s?::f. VALUE "A“N°AE_"

_“’ available) OEE,;" :="‘i; 'A..';' coqg:!:v’anﬂou {2) mass conc:!«lr'-unon (3) mass conc.r‘c’ruanon {z) mass YSES TRATION - (3) mass VSES

.MS FRACTION —~ VOLATILE COMPOUNDS

. Acrolein o

)7-02-8) ug/L Unknown

. Acrylonitrile ug/L Unknown

)7-13-1)

T x| , ug/L ND 0/19

"thayll.)(ec:::vm. 3 ug/L Unknown

1288-1)

. Bromoform ug/L ND 0/19

A X ND 9

. Carbo

irachloride x| wo ug/L ND 0/19

3-23-8) . ‘

;e t_::tlf_’r;abonuno & ND ug/L ND 0/19

i’ Chloro:.l- | e

omethane

24.48.9) L ND ug 0/19

. Chloroethane

5-00-3) X ND ug/L ND 0/19

V. 2-Chioro-

:R‘;‘:ﬂ,sm“ : ug/L Unknown

V. Chloroform

663) o X s ug/L 28 MW-16-007 1719

V. Dichioro-

ymomethane X ND ug/L ND 0/19

$-27-4) -

V. Dichloro-
luoromethane

-718) : ug/L [Unknown

. 1,1-Dichlo

= ('7?-3'&3)'0 X e ug/L 3 'MW-16-00# 1/19
V. 1,2-Dichioro- oy
sne (107-06-2) X ol : ug/L 4 le 16-005 [2/19
V. 1,1-Dichloro- 3
iene (76-35-4) X ND ug/L ND 0/19
V. 1,2-Dichloro- /L 10 MW=-16-004 3/19
opane (78-87-8) X < 5 ug 16-004 B/
mm-nq X ND : _ ug/L ND : 0/38
V. Ethylbenzene i3 G
V. Methyl
omide (74.83.9) X ND ug/L ND 0/19
H}\ngli:t(h;:-a?-a) _ X ND ug/L ND 0/19

—- e —ae- e — - ey e EEE  mEm O Em ) g JONTIL. DNPL
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NTINUED FROM PAGE V-4 ] i ]

POLLUTANT| 2 MaRK 'x° 3. EFFLUENT 4. UNITS 3. INTAKE (optional)

o .

auagé\g resr|boclcec] o maxiMuM DALY vaLUE b. M”""{E?ﬁ&aﬁfe‘)" VALUE [C.LONG TERM SRS VALUE anoorl, Comcen] o unns 2 LONG TERM o no or.

(it ill-lll“llﬁ'k} oﬁf‘- :::; "‘."-' concz!:v,nnfloul_ {2} mass chCl!llr'nAnon (2} mass couc:p‘clr‘an'nou (2} mass YSES L b ‘I!::’T.:;::“. * (2) mass vses
>/MS FRACTION — VOLATILE COMPOUNDS (continued)
V. Methylene
llorld: (7"5-09-2) X ND ug/L ND 0/19
|'\;. 1.1',‘2.2-Totu- b kS

osthan 5

0-348) X ND ug/L
V. Tetrachloro-
hylsne ?1‘27?1'5-4 ) X ND ug/L ND 0/19
M X 5 ug/L 88  MW-16-00% | 4/19
V., 1,2-Tnt‘u-
co008) X <5 Ug/L 42 MW-16-004 | 5/19
V. 1,1','1-1-"-
iorosthane
1-55-6) X ND ug/L ND 0/19
xlv. 1,1','2-1'"- :

oroethane
9-00-5) X ND ug/L ND 0/19
)V. Trichloro-
hylene (79-01-6) X -6 ug/L 110 MW-16-004 | 6/19
)V. Trichloro- .
':.'s%'.":,tmm ug/L Unknown

. Vinyl

ARy 76-01-4) X ND ug/L ND 0/19
C/MS FRACTION — ACID COMPOUNDS
. 2-Chlorophenof
5-57-8) X ND ; ug/L ND 0/12
A, 2,4-Dichloro-
venol (120-83-2) ' X ND ug/L ND 0/12
A. 2,4-Dimethyl- :
henol (106-67-9) X ND : ug/L ND 0/12
A. 4,6-Dinltro-O-
o301 (534-52-1) X ND ug/L ND 0/12
A. 2,4-Dinltro-
henol (61-28-6) X ND ug/L ND 0/12
A. 2-Nitrophenol
8.76.5) X ND il ND 0/12
A. 4-Nitrophenol
100-02-7) X ND ug/L ND 0/12
A. P-Chloro-M-
resol (59-50-7) X ND vg/L ND 0/12
A. Pentechloro-
henol (87-86.5) X ND ug/L ND 0/12
OA. Phenol
108.95-2) X ND ug/L ND 0/12
1A. 2,4,6-Trl-
hlorophenol ND 0/12 |
38.06.2) X ND ug/L

DAY \ & CIRITEIANM 1™ MNAt DOV DO



INTINUED FROM THE FRONT

. POLLUTANT 2. MARNXK ‘X’ 3. EFFLUENT 4. UNITS 3. INTAKE (optionel)
AND CAS 1 3 G TERM - VALU : >
NUMBER  [a1es” ..t.:.’?é; st 8. MAXIMUM DAILY VALUE |¥ ““W{,‘f ol L S i L B I d no.OF e concen| s LONG TEam I"‘."n".if.’.'
K mnasbie) 0\'{:‘-- el e ik ccnc-!clf'annonl (2] mass coucu'-'v'unnon (1) mass conc:v‘u.vluanon (s) masse YSES ‘.!::1":::'.- - (2) mase VSES
.C/MS FRACTION — BASE/NEUTRAL COMPOUNDS
8. A hthene
s ;:;lp n X ND ug/L ND 0/12
2080681 X ND ug/L ND 0/12
18, Anthracene * ug/L ND 0/12
120-12-7) X ND ; . 4
?i:;gd'“' ug/L Unknown
8. B
- r..'g: .(-J : = . ug/L ND 0/12
56-88-3)
38. Be
’yrmon(t;:)!;,z-a) X ND ug/L ND 0/12
;‘a. 3,4-Benzo- /L 'ND /
uoranthene u 0
208-99-2) - ND 2 9 12
38. Benzo (ghi
>erylens . X ND
191-24-2) : ug/L ND 0/12
:'B Benzo (k) /L ND
uoranthene
207-08-9) : ND ug 0/12
108. Bis (2-Chloro-
thoxy) Methane ug/L ND 0/12
111-91-1) X ND
118. Bls (3-Chioro- ‘
o o | sl o oz
28. Bis 2-Chioroiso- [
roprl) :f.moz‘.“.t) ug/L Unknown
las.'m: 'g;f'ml-
I;:;."-7’ e X G ug/L 2 MW-16-005|3/12
48. ta:‘omol- .
e (10756.3) x | w o o e
58. Butyl Benzyl
hthalste (85-68-7) X ND ug/L ND 0/12
68. 2-Chioro- ' :
wphthalene X ND ug/L ND 0/12
91-88-7) -
178. 4-Chioro-
henyl Phenyl ug/L ND 0/12
ther (7008.72-3) X ND
188. Chrysene
218-01-9). X ND ug/L ND 0/12
l:zﬁb o (a, t 3
nthracene
§370-3) . - ha ug/L ND 0/12
08. 1,2-Dichlo
io:zo‘n.z (2:—50—?). X ( 2 ug/L 2 MW=-16-004 [2/12
18. 1,3-Dichioro-
enzens (541-73-1 X ND ug/L ND /12

i &S R s Os G B OGN G WNRE a8 e Bn 8 o ™R



I U TS TR EE N e .,ﬂsm‘"&-\ﬂhén‘a&-ﬁ...s‘“' I E Uy &S s A =a
ITINUED FROM PAGE V-6 ,
OLLUTANT 2. MARK X 3. EFFLUENT 4. UNITS S INTAKE (optional)
AND CAS E 'y
NUmBer  [Prarfbise]c et ] o Maximum oAy vaLue [O MAXIMEE E BAY VALUE | LONG Thfaallablef Y ATVE [uno oF[, concen|  wass | _AVERAGE Vatue [°NO.OF
if availablc) Pl e ST (1, b P 0] I (2) mass 1 (2 (1) mass ) (] mass vses | TRATION : ) Sheal g 12) mass YSES
Ei i O Y Sl concontmanon] T 70T Jeamcanrwanson| 7T U077 comcentnayion) o | InAvION
MS FRACTION — BASE/NEUTRAL COMPOUNDS (continued* | = 'JT‘ e = b i S
. 1.4-Dichiloro-
iy lﬂ;:s-:é-‘l X ND ug/L ND 0/12
. 3,3 -Dichloro B e
zidi
_‘9‘.’1‘; X ND ) e A e ug/L ND 0/12
. Diethyi
halate X <5 7 ug/L 5 . {MW-16-005] 1/12
-66-2) et .
}. Dimethy!
e X ND ug/L ND 0/12
). DI-N-Butyl -
3. 2,4-Dinitro-
yone (121-14-2) " - , ug/L ND 0/12
3. 2,6-Dinitro-
sene (606-20-2) X ND ug/L ND 0/12
3. DI-N-Octy! i - '
alate
784-0) 414 ND ug 0/12
. 1.2-Diphenyl-
razine (as Azo- ug/1 Unknown
zene) (122-66-7] : ] = . ) R |
B. Fluorenthens)
6-44.0) X ND ug/L ND 0/12
B. Fluarene
-73-7) X ND ug/L ND 0/12
 Hexachlor
749) % - ug/L ND 0/12
B. Hexa-
C e s % - : ug/L ND 0/12
B. Hox‘::‘t:loro- X NO
slopentediene .
-5 ug/L ND 0/12
B. Hexaechioro-
ane (67-72-1) X ND ug/L ND 0/12
8. indeno
325..’3.;‘.")"""‘. X ND ug/L ND 0/12
8. Isophorone
3-69-1) X ND ug/L ND 0/12
P'B_kal_;l:hﬂnhm X < s ug/L 170 MW-16-004|5/12
. .

B. Nitrobenzense X ND
8-95-3) ug/L ND 0/12
B. N-Nitro-
;'!;“;_g‘,""m"" . ug/L Unknown
8. N-Nitrosodi-

X ND
e - ug/L ND 0/12

PR, N Y COMTIARNIIE ON QBFEVYFARASH



INTINUED FROM THE FRONT

POLLUTANT 2. MARK ‘X’ 3. EFFLUENT 4. UNITS 5. INTAKE (optional)

NUMBER aresr[box]coe] o MaxiMUM DAILY vaLuE [P MAXIMUM 30 DAY VALUE [cLONG YRRt AbRT VALVE it 1 CONCEN-| |, ags AVERAGE VALUE ner
F e e o‘:ﬁ- :.“; ....';' Con‘tu !:i!uAuonL () mass concg!«lt’uanou {2) mass concuu;unnon (2) mass YSES W o h'v:rt“lg:”. (1) mase YSES
C/MS FRACTION — BASE/NEUTRAL COMPOUNDS (continued)
B. N-Nitro-
Slphaniyiamivie X ND N 0/12
6-30-6)
B, Phenanth
5018) o X ND ND 0/12
8. Pyrene i
29-00-0) X ND ' ND 0/12
8. 1,24 - Trl-
:lorobonuno X ND ND 0/12
20-82-1)
C/MS FRACTION — PESTICIDES
oo X ND ND 0/8
, Q-BHT
19.84-6) . ND ND 0/8
. B-BHC
19-85-7) 5 i ND 0/8
>, Y-BHC
8-89-9) X ND ND 0/8
>, §-BHC 0/8
19.868) ° X ND ND
>, Chiordane
7-74-9) X ND ND 0/8
>, 4,4-DDT
0-29-3) X ND ND 0/8
>, 4,4'-DDE
2869) X ND ND 0/8
. 4,4
S X ND ND 0/8
P, Dleldrin
0-67-1) X P ND o/
IP. @-Endosuifan

18.207) X ND ND 0/8
2P. B-Endosuitan
usgo-n - X ND ND 0/8
3. Endosuifan

itate - i ND 0/8
031-07-8) X ND

. Endrl :
2208 X ND XF 0/8
5P. Endrin

idehyde 0/8
421-93-4) X ND s

5P. Heptachlor

6-44-8) X ND ND 0/8
% - . PACE V-0 = = “CONTINUE ON PAGE V-9
Tl Bl R WS G2 By o o o A 'am o Bw sm e o a6 RN




FINUED FROM PAGE V-8
I

k

EPA L.D. NUMBER (copy from Item 1 of Form 1)|OUTFALL NUMBER

&L(;.g:gl!'r 2. MARK "X* 3. EFFLUENT 4. UNITS 5. INTAKE (optional)

NUMBER  [r1er &..3:4&-:‘-' 8. MAXIMUM DAILY VALUE |& MAX I Gvailable)” YALVE |SLONS T avaltabley VAV et [ttt} | o nws AVEHAGE VALug [P NO.OF

f available) aii]; sy | sty cr.:-« i L.v'unv!o-g e, f1) mass £2§Ct_ﬂ'ﬂl‘."£"" (2) mass L‘mc."‘"'”ulon (2) mass YSES TRATION ; ""::"':g:“' (2) mass AV';:;

VIS FRACTION — PESTICIDES (continued)

Heptachior !

lde

e X ND ND 0/8

PCB-1242

69.21.9) % X ND ] ND 0/8
e T S e e e e | e

PCB-1254 |

97-69-1) X ND ND 0/8

PCB-1221

04-28-2) X ND ND 0/8

PCB-1232

41-16-5) X ND ND 0/8

PCB-1248

72.29-6) X ND ND 0/8

PCB-1260 4

96.-82-5) X ND ND 0/8

PCBHB-1016

74-11-2) X ND ND 0/8

 Toxaphene

11-36-2) X ND ND 0/8

PAGE V-9
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SECTION E - Calculations, Soil Vapor Emissions PAGE _1 _oOF_3

JOB NO. 05.35291.23

proJecT: PLATTSBURGH SS-016 MapeBY: D. McCall paTte: 03/01/95
susJecT: Soil Vapor Extraction Emissions CHKD BY: pate: 03/01/95

Problem: Estimate the contaminant emissions from the proposed Soil Vapor Extraction system.

Assumptions:

1. . The soil vapor extraction is assumed to discharge the soil vapor to the atmosphere at a rate of
400 cfm.

2% The system is assumed to operate 24 hours per day and 365 days per year.

References:

1. Hazardous Waste Treatment, Storage, and Disposal Facilities {TSDF) Air Emissions Models,
EPA-450/3-87-026, December 1987.

2. Basic Principles and Calculations in Chemical Engineering, 4th ed.; David M. Himmelblau;
Prentice-Hall, Inc., Engelwood Cliffs, NJ; 1982.

3 Estimating Air Emissions from Petroleum UST Cleanups, USEPA, Office of Underground Storage
Tanks, June 1989.

The following is an explanation of the calculations and assumptions made in Section F of the Permit
Application. An example calculation for trichloroethene is provided.

Groundwater Conc. Design Value (zg/L)
The concentration of the contaminants in the air stream from the vapor extraction system is
estimated based on the level on contamination present in the groundwater. The level of
contamination in the groundwater is assumed to be either the maximum detected value, or 4
times the average of the detected values, whichever is less. The groundwater contamination
influent design values are presented in Table 1. These are the same values that were used for
the calculation of emissions from the air stripper.

Trichloroethene = 79 ug/L

m:\ss-016\svesece\mecall
6/26/96 8:51



SECTION E - Calculations, Soil Vapor Emissions PAGE _2 OF_3
JoB No. 05.35291.23

PROJECT: PLATTSBURGH SS-016 MaDEBY: D. McCall opate: 03/01/95

susJecT: Soil Vapor Extraction Emissions CHKD BY: paTe: 03/01/95

Groundwater Conc. Design Value {(g/m°)

This value is converted from the previous number:

798 La_ »PNE ., 070l
L 1x10% pg md m®

Henry's Law Constant (atmem?®/mol)
These values were taken from Reference 1. Trichlorothene = 9.1x10%

Molecular Weight (g/mol)
These values were taken from Reference 1. Trichloroethene = 131.39

Cya (atm)

Based on equation C-4 presented in Reference 3, the concentration of the contaminants in the
soil gas is estimated: :

= Cnolltu:o X H

Cgu MW
Where: Crrore (@/m®) is the concentration of the contaminant in the moisture. It is
assumed that the concentration of the contaminant in the
moisture is the same as the concentration of the contaminant
in the groundwater.
H is Henry’s Law Constant {atmem®/mol)
MW is the Molecular Weight (g/mol)} of the contaminant

= -3 atmem?
Cg“ 07.079;% X 9.1x10 s / 131.39;.%

Cye = 5.49x1 0 atm, This is essentially the partial pressure of trichlorothene in the soil vapor

in the contaminated area of the site.

m:\ss-0i6\svesece\meealt
6/26196 8:51
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SECTION E - Calculations, Soil Vapor Emissions PAGE _3 of_3

JOB NO. 05.35291.23
PROJECT: PLATTSBURGH SS-016 MapeBy: D. McCall paTte: 03/01/95
susJECT: Soil Vapor Extraction Emissions CHKD BY: paTe: 03/01/95

Cees (PPMV)
Based on Dalton’s Law of partial pressure (Reference 2) the partial pressure of the contaminant
is directly related to the volume of the contaminant in the vapor phase. Assuming that the
total pressure is 1 atm:

Com = 5.49 ppmv

Actual Contaminant Emissions (lb/h)
Based on equation B-11 of Reference 3, the emission rate of the contaminants are determined:

ER = Q X Cgyg X MW x 1.581x107"

Where: ER is the emission rate (Ib/hr)
Q is the soil vapor extraction rate (cfm) = 400 cfm
Cone is the soil gas concentration (ppmv)
MW is the molecular weight (ib/lb mol)

1.581x107 is a constant with units of (Ib mol - min/ft® - ppmv - hr)

ER = 400 cfm x 5.49 ppmv x 131.39 mlﬁol x1.581x1077

ER = 4.97x10? Ib/hr

Hourly Emissions (ibs/h), ERP and Actual

Because there is no control on the emissions from the soil vapor extraction system, the ERP
and the Actual emissions are the same as calculated above.

Contaminant Emissions (lb/yr)
Assuming that the SVE system operates 24 hours per day and 365 days per year:

ER = 4.97x102 Ib/hr x 24hr/day x 365day/yr = 435 Ib/yr of trichloroethene emissions

m:\ss-016\svesece\mecail
6/26/96 8:51






Design Values for the Estimation of Emissions from the Soil Vapor Extraction System

SECTION E - Table 1

CAS Registry Arithmetic 4x Arith. Maximum Groundwater Conc. | Groundwater Conc. | Henry's Law | Molecular Cgas Cgas
Number Mean Mean Detected Conc. Design Value Design Value - Cm Constants Weight

CHEMICAL (ng (ugn) (gh) (ug/) (g/m?) (atm-m*/mol) (g/mol) (atm) (ppmv)

Acetone 67-64-1 11 4 29 29 0.029 2.50E-05 58.08 1.256-08 | 1.25E-02
Carbon Disulfide 75150 4 15 2 2 0.002 1.68E-02 76.14 4.41E-07 | 4.41E-01
1,1-Dichloroethane 75-34-3 4 15 3 3 0.003 5.54E-03 a8 1.68E-07 1.68E-01
1,2-Dichloroethene (total) 540-58-0 8 33 40 33 0.033 3.19E-02 96.95 1.09E-05 | 1.09E+01
Chloroform 67-66-3 6 23 28 23 0.023 3.39E-03 1194 6.53E-07 6.53E-01
1,2-Dichloroethane 107-06-2 4 15 4 4 0.004 1.20E-03 98.76 4.86E-08 4.86E-02
2-Butanone 78-93-3 5 21 16 16 0.016 4 .35E-05 7212 9.65E-09 9.65E-03
1,2-Dichloropropane 78875 4 17 10 10 0.010 2.30E-03 112.99 2.04E-07 | 2.04E-01
Trichloroethene 79-01-6 20 79 105 79 0.078 9.10E-03 131.39 5.47E-06 | 5.47E+00
Toluene 108-88-3 17 67 86 67 0.067 6.68E-03 92 4.86E-06 | 4.86E+00
Ethylbenzene 100-41-4 9 35 37 35 0.035 6.44E-03 106.16 2.12E-06 | 2.12E+00
Xylene (total) 1330-20-7 42 167 245 167 0.167 5.25E-03 106.2 8.26E-06 | 8.26E+00
1,2-Dichlorobenzene 95-50-1 4 18 2 ‘ 2 0.002 1.94E-03 147 2.64E-08 | 2.64E-02
2-Methylphenol 95-48-7 5 20 3 3 0.003 2.60E-06 108.13 7.21E-11 | 7.21E-05
4-Methylpheno! 106-44-5 17 68 79 68 0.068 4.43E-07 108.13 2.79E-10 | 2.79E-04
Naphthalene 91-20-3 25 101 170 101 0.101 1.18E-03 128.2 9.30E-07 9.30E-01
2-Methyinaphthalene 91-57-6 14 56 69 56 0.056 5.80E-05 142.19 2.28E-08 | 2.28E-02
Diethylphthalate 84-66-2 5 21 5 5 0.005 1.11E-02 222 2.50E-07 | 2.50E-01
bis(2-Ethylhexyt)phthalate 117-81-7 5 19 2 2 0.002 3.00E-07 390.68 1.54E-12 | 1.54E-06

1. Arithmetic Mean - When an analyte was not detected, one-half the sample quantitation limit was used to calculate the arithmetic mean.
- 2. Groundwater Concentration Design Value - The level of contaminant assumed to be in the influent water stream to the air stripper
This number is either the maximum detected value, or 4 times the average of the detected values, whichever is less.
3. Source of Henry's Law and Molecular Weight - Hazardous Waste Treatment, Storage, and Disposal Facilities (TSDF) Air Emissions Models, EPA-450/3-87-026, December 1987.

J\35291.23\QPRO\SS-016\SOILVAPR. WB1 dmc
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SECTION E - Calculations, Air Stripper Emissions PAGE _1_ofF_2

PROJECT: PLATTSBURGH SS-016 MapeBy: D. McCall paTe: 06/25/96
SUBJECT: Air Stripper Emissions : CHKD BY: DATE: 06/26/96

Problem: Estimate the contaminant emissions from the proposed groundwater treatment system

Assumptions:

1= Groundwater treatment system consists of an air stripper and carbon adsorption. The only
source of contaminant emissions from the groundwater treatment system will be the air
stripper.

2 The air stripper operates at a rate of 50 gpm groundwater treatment and 300 cfm of air.

3. The system is assumed to operate 24 hours per day and 365 days per year.

References:

1. Plattsburgh Air Force Base Installation Restoration Program - Nose Dock 8 (SS-016) Remedial
Investigation Report, December 1995.

The following is an explanation of the calculations and assumptions made in Section F of the Permit
Application. An example calculation for trichloroethene is provided.

Air Stripper Influent Design Value (zg/L)
The concentration of the contaminants in the off-gas from the air stripper is estimated based
on the level on contamination present in the groundwater. The level of contamination in the
groundwater is assumed to be either the maximum detected value, or 4 times the average of
the detected values, whichever is less. The groundwater contamination influent design values
are presented in Table 1.

The resuits of the groundwater sampling are summarized in Reference 1.

Trichloroethene = 79 ug/L

m:\ss-016\strpsece\mecall
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SECTION E - Calculations, Air Stripper Emissions PAGE _2 OF_2
ProJECT: PLATTSBURGH SS-016 MapeBYy: D. McCall opaTe: 06/25/96
SUBJECT: Air Stripper Emissions CHKD BY: DATE: 06/26/96

Actual Contaminant Emissions (Ib/h)
To be conservative in the estimation of concentrations of the contaminants in the air stripper
off-gas, it is assumed that 100% of the contamination is removed from the water and emitted
to the atmosphere. Based on the water and air flow rates, a material balance is performed:

Bg 1g 1 1b 3.785 L 50 gal 60 min _ - ~3 I1b trxichloroethene
79 ~ X lx“ng ‘s‘gx ol B o X = 1.98x10 T

Hourly Emissions (lbs/h), ERP and Actual
Because the air stripper was conservatively assumed to be able to remove 100% of the
contaminants from the groundwater, the ERP and the actual emissions are the same as
calculated above.

Annual Emissions (lb/yr)
Assuming that the groundwater treatment system operates 24 hours per day and 365 days per
year: .

Emission Rate = 1.98x107 Ib/hr x 24hr/day x 365day/yr = 17.3 Ib/yr of trichloroethene

m:\ss-016\strpsece\mecall
6/26/96 8:00
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SECTION F
Soil Vapor Extraction Emissions Estimates

CONTAMINANT INPUT OR ENV. EMISSIONS % CONTROL | HOURLY EMISSIONS (LBSHR) | ANNUAL EMISSIONS (LBS/YR)
NAME CAS NUMBER PRODUCTION | UNIT | RATING | ACTUAL | UNIT | DET. | PERMISSIBLE | EFFCNCY ERP ACTUAL ACTUAL | 10°x | PERMISSIBLE
Acetone 67-64-1 NA NA 500 3 | 6 0 5.00E-05 | 5.00E-05 044] 0
Carbon Disulfide . 75-15-0 NA NA 23185| 3 | 6 0 2.32E-03 | 2.32E-03 | 2031| 0
1,1-Dichloroethane 75-34-3 NA NA 11468 3 | 6 0 1.15E-03 | 1.15E-03 10.05] 0
1,2-Dichloroethene (total) 540-59-0 NA NA 73,1890 3 | 6 0 7.32E-02 | 7.32E-02 | 641.14] 0
Chioroform 67-66-3 NA NA 5306| 3 | 6 0 5.36E-03 | 5.36E-03 | 46.96] 0
1,2-Dichloroethane 107-06-2 NA NA 33121 3 | 6 0 3.31E-04 | 3.31E-04 2.90| 0
2-Butanone 78-93-3 NA NA 80| 3 | 6 0 4.80E-05 | 4.80E-05 042{ 0
1,2-Dichloropropane 78-87-5 NA NA 1,507.7| 3 | 6 0 1.51E-03 | 1.51E-03 | 13.21] 0
Trichloroethene 79-01-6 NA NA 49,7311 | 3 | 6 0 4.97E-02 | 4.97E-02 | 43564| ©
Toluene 108-88-3 NA NA 306904]| 3 | 6 0 3.076-02 | 3.07E-02 | 268.85] 0
Ethylbenzene 100-41-4 NA NA 15,664.1 3. 6 0 1.57E-02 | 1.57E-02 | 137.22| 0
Xylene (total) 1330-20-7] NA NA 604674 | 3 | 6 0 6.05-02 | 6.05E-02 | 529.69| 0
1,2-Dichlorobenzene 95-50-1 NA NA 2677) 3 | 6 0 2.68E-04 | 2.68E-04 235) 0
2-Methylphenol 9548-7| NA NA 0538| 3 | 6 0 5.38E-07 | 5.38£-07 | 0.0047| 0
4-Methyiphenol 10644-5|] NA NA 2089] 3 | 6 0 2.09E-06 | 2.09E-06 | 0.0183 0
Naphthalene 91-20-3] NA NA 82128| 3 | 6 0 8.21E-03 | 8.21E-03 | 71.94| 0
2-Methyinaphthalene 91-57-6] NA NA 2255| 3 | 6 0 2.25E-04 | 2.25E-04 197 o
Diethylphthalate 84-66-2 NA NA 38296| 3 | 6 0 3.83E-03 | 3.83E-03 | 33.55| 0
bis(2-Ethylhexyl)phthalate 117-81-7] NA NA 00411 3 | 6 0 4.14E-08 | 4.14E-08 | 0.0004] ©

J:\35291.23\QPRO\SS-016\SOILVPR WBI dmc
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SECTION F
Air Stripper (Groundwater Treatment) Emissions Estimates

CONTAMINANT INPUT OR ENV. EMISSIONS % CONTROL | HOURLY EMISSIONS (LBSHR) | ANNUAL EMISSIONS (LBS/YR)
NAME CAS NUMBER PRODUCTION | UNIT | RATING | ACTUAL | UNIT | DET. | PERMISSIBLE | EFFCNCY ERP ACTUAL ACTUAL | 10*x | PERMISSIBLE

Acetone 67-64-1 NA NA 72531 3 | 6 0 7.25E-04 | 7.25E-04 6.35| 0
Carbon Disulfide 75-15-0] NA NA 500 3 | 6 0 5.00E-05 | 5.00E-05 044| O
1,1-Dichloroethane 75-34-3] NA NA 7501 3 | 6 0 7.50E-05 | 7.50E-05 0.66] 0
1,2-Dichloroethene (total) 540-59-0 NA NA 8316| 3 | 6 0 8.32E-04 | 8.32E-04 7.28] 0
Chloroform 67-66-3| NA NA 67321 3 | 6 0 5.73E-04 | 5.73E-04 5.02] 0
1,2-Dichloroethane 107-06-2 NA NA 1000 3 | 6 0 1.00E-04 | 1.00E-04 0.88| 0
2-Butanone 78-93-3] NA NA 4002} 3 16 0 4.00E-04 | 4.00E-04 351 o
1,2-Dichloropropane 78-87-5 NA NA 2376| 3 | 6 0 2.38E-04 | 2.38E-04 2.08| o
Trichloroethene 79-01-6 NA NA 1,9809] 3 | 6 0 1.98E-03 | 1.98E-03 | 17.35] 0
Toluene 108-88-3] NA NA 1,6653| 3 | 6 0 1.67E-03 | 167E-03 | 14.59] o
Ethylbenzene 100-41-4] NA NA 8816| 3 | 6 0 8.82E-04 | 8.82E-04 7.72] 0
Xylene (total) 1330-20-7 NA NA 41748| 3 | 6 0 4.17E-03 | 417E03 | 36.57| 0
1,2-Dichlorobenzene 95-50-1 NA NA 500 3 | 6 0 5.00E-05 | 5.00E-05 044) 0
2-Methylphenol 9548-7| NA NA 750] 3 | 6 0 7.50E-05 | 7.50E-05 0.66| 0
4-Methylphenol 10644-5] NA NA 1,7091}1 3 | 6 0 1.71E-03 | 1.71E-03 | 14.97] O
Naphthalene 91-20-3] NA NA 252281 3 | 6 0 2.52E-03 | 2.52E-03 | 22.10| 0
2-Methylnaphthalene 91-57-6] NA NA 14090| 3 | 6 0 1.41E-03 | 141E03 | 12.34]| O
Diethylphthalate 84-66-2] NA NA 1251| 3 | 6 0 1.25E-04 | 1.25E-04 1.10} 0
bis(2-Ethylhexyi)phthalate 117-81-7 NA NA 500 3|6 0 5.00E-05 | 5.00E-05 0.44( 0
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SECTIONF
Combined Soil Vapor Extraction & Air Stripper Emissions Estimates

CONTAMINANT INPUT OR ENV. EMISSIONS % CONTROL | HOURLY EMISSIONS (LBSHR) | ANNUAL EMISSIONS (LBS/YR)
NAME CAS NUMBER PRODUCTION | UNIT | RATING | ACTUAL | UNIT | DET. | PERMISSIBLE | EFFCNCY ERP ACTUAL ACTUAL | 10*x | PERMISSIBLE
Acetone ‘ 67-64-1 NA NA 078| 2 | 6 0 7.75E-04 | 7.75E-04 6.79] 0
Carbon Disulfide 75-15-0] NA NA 237 2 | 8 0 2.37E-03 | 2.37E-03 | 2075] O
1,1-Dichloroethane 75-34-3] NA NA 1.22| 2 | 6 0 1.22E-03 | 1.22E-03 10.70| ©
1,2-Dichloroethene (total) 540-59-0 NA NA 7402| 2 | 6 0 7.40E-02 | 7.40E-02 | 648.42] O
Chloroform 67-66-3 NA NA 593] 2 |1 6 0 5.93E03 | 593E03 | 51.98]| 0
1,2-Dichloroethane 107-06-2 NA NA 043| 2 | 6 0 4.31E-04 | 4.31E-04 78| o
2-Butanone 78-93-3 NA NA 045 ( 2 | 6 0 4.48E-04 | 4.48E-04 393| O
1,2-Dichloropropane 78-87-5 NA NA 1.75| 2 | 6 0 1.75E-03 | 1.75E-03 15.29] o
Trichloroethene 79-01-6] NA NA 51711 2 | 6 0 5.17E02 | 5.17€-02 | 453.00} 0
Toluene 108-88-3 NA NA 3236 | 2 | 6 0 3.24E02 | 3.24E-02 | 283.44| O
Ethylbenzene 100414 NA NA 1855] 2 | 6 0 1.656-02 | 1.65E02 | 144.94] ©
Xylene (total) 1330-20-7] NA NA 6464 | 2 | B 0 6.46E-02 | 6.46E-02 | 566.27] ©
1,2-Dichlorobenzene 95-50-1 NA NA 032 2 | 6 0 3.18E-04 | 3.18E-04 2.78] 0
2-Methylphenol 95-48-7 NA NA 008 2 | 6 0 7.56E-05 | 7.56E-05 0.66| O
4-Methylphenol 10644-5] NA NA 1.71M1 2 | 6 0 1.71E-03 | 1.71E-03 | 14.99] o
Naphthalene 91-20-3] NA NA 1074] 2 | 6 0 1.07E-02 | 1.07E-02 | 94.04] O
2-Methylnaphthalene 91-57-6 NA NA 163 2 | 6 0 1.63E-03 | 1.63E-03 14.32] 0
Diethylphthalate 84-66-2 NA NA 351 2| 6 0 3.95E-03 | 3.95E-03 3464 0
bis(2-Ethylhexyl)phthalate 117-81-7 NA NA 005s| 2 | 6 0 5.01E-05 | 5.01E-05 044| 0
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New York State Department of Environmental Conservation
50 Wolt Road, Albany, New York 12233

Mr. Michael Sorel, P.E.
AFBCA/DAE

426 U.S. Oval Suite 2210
Plattsburgh Air Force Base, NY 12903

Dear Mr. Sorel:

1.

W VUL UV

August 21, 1996

- Michaa! D Zagata
Post-it* Fax Note 7671 |Dwte azzﬂ Igfaa'eo’ 2
To 71 F Croni From E!E:! &\! =
w25 = AEBCA
PRone ¥ 91, ‘Eié' 10"0" S18-4t3-28H
et sl VY A

Re: Draft Work Plan Treatability Study at SS-016

Plautsburgh Air Force Base ID No. 510003

New York State has received and reviewed the draft Work Plan for the treatability study at SS-
016. We offer the following comments at this time: :

We have included a copy of effluent criteria if you opt for a groundwater discharge of the treated

As [ have verbally related 1o Mr. Baker of your staff, if you opt for a surface water discharge of

the treated water you nced to contact our Region 5 office and request that a modification of your

We have reviewed your proposed air discharge and find it acceptable without the need for a

Once you have decided on how you expect to discharge the reated water please let us know.

If you have any questions, please feel free to contact me at (518) 457-3976.

water,
2
existing SPDES permit be processed.
3
vapor phase carbon filter.
Enclosure
cc: R. Morse, USEPA-Region I
URS CONSULTANTS

AUG 2 8 1996
JoB# 0‘5?;;3’(\,25(&

OMMMWW

g =






08/28./86 00:44 51856330235 AFBCA/OL 34

. 91-20-za (1/88) DHWR Site No.: _ 5 - -0 - 1202

Page 1 of 2
Plattsburgh Air Force Base Nose Dock 8
EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS EQUIVALENT TO A SPDES PERMIT

During the period beginning September 1, 1996
and lasting untii Septembeyx 1, 2001

the discharges from the treatment facility to groundwater shail be limited and monitored by the operator as spacified
below:

Minimum Monitoring |
PARAMETERS Requirements
e I R -l
QUTFALL 001 - Treated Ground\;fater Remediation Discharge
?LOW Monitor Monitor Meter Dally
pH (range) 6.0 10 9.0 Weekly Grab
Acetone — 50 Quarterly Grab
2-8Butanone — 50 Quarterly Grab
Chioroform — 7.0 Morlﬂy‘ Grab
1,2-Dichiorobenzene - 4.7 Quarterty Grab
| 1,1-Dichloroethane _ 5.0 Quartery Grab
1,2-Dichloroethane - 5.0 Quarterly Grab
cis 1,2-Dichloroethyiene - 5.0 Quarterly Grab
trans 1,2-Dichloroethylene > 5.0 Quarterly Grab
1,2-Dichioropropane - 5.0 Quarterly Grab
Ethylbenzene i — 5.0 Monthly’ Grab
2-Methyiphenol — A0 Quarterly Grab
4-Methyiphenol — 10 Monthly' Grab
Napthalene k -— 10 Monthiy' Grab
Taluene , : - 5.0 Monthly' Grab |
Trichloroethylene - — 10 Monthly' Grab
1.2 Xylene — 5.0 Monthiy’ Grab
_Sum of 1.3 and 1,4-Xylenes _ Monthly'
Footnotes:
(1) The minimum measurement frequency for all the parameters (except flow) shall be monthly following a

period of 24 consecutive weekly sampling events showing no exceedances of the stated discharge
limitations.

Zoo2. 003
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,91.20'.23 (1/89) DHWR SiteNo.: _S - 10 - 303

Page 2 of 2

Plattsburgh Air Force Base Nose Dock 8
EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS ZGUIVALENT TO A SPDES PERMIT

During the period beginning September 1, 1296

and lasting untif September 1, 2001

A Discharge is not authorized until such time as an engineering submissicn showing the method of treatment Is
approved by the Department. The discharge rate may not exceed the effective treatment system capacity. All
monitonng data, engineering submissions and mocification requests must be submitted to the following
NYSDEC Division of Environmental Remediation contact person: Marsden Chen .

®) Both concentration (mg/! or ug/l) and mass loadings (Ibs/day) must be reported to the Department for all
parameters except FLOW and pH.

{C) Only site generated wastewater Is authorized for treatment and discharge.

o) Authorization to discharge is valid only for the period noted above but may be renewed if appropriate. A request
‘or renewal must be received 6 months prior to the expiration date to allow for a review of monitoring data and
reessesameant of monitoring requirements.

® Samples and measurements, to comply with the monitoring requirements specified above, shail be taken from
treatment systemn effluent prior to discharge to groundwater.

F Discharge may not occur uniess the ground Is capable of accepting the treated effluent, i.e. the effluent may not

be ponded on top of saturated or frozen ground. Also, a minimum separation distance of 100 feet must be
maintained between the discharge location and any surface waters (including wetlands).
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PERFORMANCE SPECIFICATION
NOSE DOCK 8 (§S-016)
TREATABILITY STUDY SYSTEM

PART I - GENERAL

1.1

SCOPE

The Subcontractor shall provide a treatability study system to evaluate groundwater remediation

at the Nose Dock 8 (SS-016) site located at the Plattsburgh Air Force Base, Plattsburgh, NY. The
project includes installation of a groundwater/soil vapor extraction well, groundwater pump, air stripper,

aqueous phase carbon adsorption units, vacuum system and infiltration galleries. A schematic of the

treatability study system is shown in Sketch No. 1. The scope of services for the project shall include,

but not be limited to:

1.2

All labor, materials, and services associated with fabrication, cbnstruction, installation and start-
up of the treatability study system.

Rectification of construction and operating problems that prevent the system from functioning
properly.

CONSTRUCTION DOCUMENTS

This specification for the treatability study system is to establish performance and quality
requirements.

Work described or shown herein is not intended to be a complete representation of actual
finished work. The work shall include all equipment and materials required for a complete and
operating system, although some items are not specified or shown. Any work that is necessary
or required to make the installation satisfactory and operable for its intended purpose, even
though not specifically included, shall be performed as incidental work as if it were described.

JA35291.23\wp\SS-01 6\Work-Pln\ta(cpXed)op)
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1.3 SYSTEM PERFORMANCE

All equipment furnished and work performed shall be guaranteed against defects in materials
and/or workmanship for a period of one (1) year from the completion of system start-up. Any failure
of equipment or work due to defects in materials or workmanship shall be corrected by the
Subcontractor.

14 HEALTH AND SAFETY
Subcontractor shall follow and implement the health and safety program in accordance with the

URS Health and Safety Plan. Health and safety required for the work described herein shall be the
responsibility of the Subcontractor.

1135291, 23\wp\SS-01 6\Work-Pln\ta(cpXed)cp)
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PART 2 - PRODUCTS

2.1

2.2

23

GROUNDWATER/SOIL VAPOR EXTRACTION WELL

Furnish and install one (1) 8-inch diameter PVC groundwater/soil vapor extraction well as
shown on Sketch No. 2.

Fumnish and install three (3) 4-inch diameter PVC air pressure monitoring wells complete with
pressure gauges. Material for the well riser pipe, screen, sand pack, and length of well shall be
the same as shown in Sketch No. 2.

All PVC pipe shall comply with AWWA C-900.

The wells shall be installed at a location directed by the Engineer.

The Subcontractor shall record and document well construction and development, and submit

records and documentation to the Engineer.

GROUNDWATER EXTRACTION PUMP

Furnish and install one (1) submersible pump as manufactured by Grundfos or approved equal.
Pump shall be sized to pump groundwater at a rate of S0 gpm at a total dynamic head equal to
or greater than the static discharge head plus head losses in system piping connecting the pump
to the air stripper.

Minimum efficiency at the design operating parameters shall be 55%.

AIR STRIPPER

Furnish and install one (1) air stripper - Model 2341-P as manufactured by North East

JA35291 .23\wp\SS-01 6\Work-Pln\ta(cpXed)(cp)
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24

25

Environmental Products or approved equal. The air stripper shall be of the low profile, shallow
tray type.

Air stripper sump tank, cover, and trays shall be polyethylene. Basic system components shall
include a TEFC blower, blower inlet screen, and damper, a stainless-steel demister, a water inlet
spray nozzle, a water level sight tube, and Schedule 80 PVC internal piping.

Additional features shall include:

L Steel frame for skid mounting

2. Standard NEMA 3 R system control panel
3. High water level alarm switch(s)

4. TEFC discharge pump

B Discharge pump level switch(s)

6. Influent and effluent sample ports

AQUEOQOUS PHASE CARBON UNITS

Furnish and install two (2) 1,800-Ib. aqueous phase carbon units.

The aqueous phase carbon unit shall be installed with an initial charge of 1,800 Ibs. of carbon.
INFILTRATION GALLERIES

Furnish and install three(3) infiltration galleries as shown in Sketch No. 3.

Each gallery shall have dimensions as follows:

1. Footprint - 35 by 35 feet
2. Depth - 7 feet

JA35291 23\wp\SS-016\Work-Pin\ta(cpXedXcp)
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2.6

2.7

Excavations will be backfilled with 4.5 feet of No. 1 gravel and 2.5 feet of native soil excavated
for each gallery. In addition, approximately 2 feet of native soil will be placed over the gallery
above grade.

Water shall be introduced into each gallery by three 6-inch diameter perforated pipes running
the entire length of the excavation. Pipes shall be placed below frost depth.

Furnish and install a layer of geotextile or liner material between the gravel and the native soil
cover. Apparent opening size for geotextile shall be equivalent to US #100 sieve.

DISCHARGE LINES

Furnish and install PVC discharge lines to connect treatment system to infiltration galleries.

Pipe shall be 1.5-inch diameter Schedule 80 PVC.

Pipe shall be installed at a depth of approximately 5 feet below grade.

Area where trenching work has been performed shall be restored to condition existing prior to

work.

VACUUM SYSTEM

Furnish and install one (1) vacuum system which includes the following: a blower, an air
moisture separator, equipment for system air flow control, air flow monitoring, air pressure
monitoring, and automatic timer cycling. System shall be capable of pumping water to water
treatment system. Instrumentation shall be wired to the Programmable Logic Controller (PLC)
as required to permit monitoring described in 2.9B.

Blower shall be sized to deliver a minimum 400 cfm at 0 inches H,0 vacuum and 150 cfm at

84 inches H,O vacuum.

1A35291.23\wp\SS-01 6\Work-Pin\ta(cpXed)cp)
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2.8

29

2.10

System shall be sized adequately to account for system pressure loss through piping.
CHLORINATION SYSTEM

Fumnish and install a hypochlorite feed system including pump, static mixer, instrumentation,
piping and all other required ancillary equipment to remove iron and prevent biofouling in the
carbon adsorption units and infiltration gallery.

PROGRAMMABLE LOGIC CONTROLLER (PLC)

Fumish and install one (1) PLC as manufactured by Allen Bradley or approved equal.

The PLC shall be capable of monitoring system operational parameters including air flow rate
and air pressure from the vacuum system, treated water effluent flow rate, differential pressure
across the aqueous phase carbon umits, and water level in the groundwater/soil vacuum

extraction well.

The PLC shall be capable of monitoring a minimum of three additional operational parameters.

The PLC shall be capable of remote interface via modem with a remote IBM or IBM compatible

computer.

TRANSFER HOSE

Fumnish and install a Flexwing petroleum hose as manufactured by Goodyear, or approved equal,

for transfer of fluids between components of the treatability study system.

2.11

A

INSTRUMENTATION

Furnish and install the following:

1. One (1) treated water effluent flow meter.

135291 .23\Wp\S5-01 6\Work-Plnita(cpXed)Xcp)
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2.12

One (1) differential pressure transmitter to monitor pressure drop across the aqueous

phase carbon unit.

Pressure gauges as required. Pressure gauges shall be placed at all pumps and blowers.

One (1) level (pressure) transmitter to monitor water level in the groundwater/soil

vacuum extraction well.

Instrumentation shall be wired to the PLC as required to permit monitoring described in 2.9B.
_ UTILITIES

General:

Subcontractor shall be responsible for utility clearances for‘all work.

Electrical Service:

The Subcontractor shall be responsible for installing all electric service for the
treatability study system.

It shall be the responsibility of the Subcontractor to coordinate electric service

installation.

The Subcontractor shall be responsible for furnishing and installing all conduit and

‘wiring for power, control, and instrumentation required for a fully-operable system.

The Subcontractor shall be responsible for determining power requirements, and shall
include 50% spare capacity.

~ All materials and work shall comply with the National Electric Code, National Electric

Safety Code, OSHA, and all other applicable federal, state, and local codes.

JA35291 . 23\Wwp\SS-01 6\Work-Pin\ta(cp)ed)cp)
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B. Heating:

The Subcontractor shall be responsible for furnishing and installing unit heaters or other
approved heating devices as required to keep system components from freezing.

C. Telephone Service:

1. The Subcontractor shall provide telephone service for remote monitoring of the
treatability study system.
px The Subcontractor is responsible for coordinating telephone service installation.

213 SAMPLE PORTS

The Subcontractor shall furnish and install sampling ports before and after all treatment units.
Sample ports shall be easily and safely accessible.
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PART 3 - EXECUTION

A Installation:

Installation of the treatability study system shall be in accordance with manufacturer’s

instructions and recommendations.

B. Testing:
1. Operating tests shall be carried out during start-up to assure that the system operates
properly.
Z All equipment shall be tested to demonstrate that it provides the required function.

¥ The system shall be tested for leaks. Any deficiencies revealed by testing shall be

corrected.
C. Process Development:

The Subcontractor shall be responsible for system modifications needed during start-up to
achieve the required removal standards set forth in Table 1.

JA35291.23\wp\S$-01 6\Work-Pin\ta(cpXed)Xcp)
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TABLE 1

NOSE DOCK 8 (§S-016) - TREATABILITY STUDY WORK PLAN

GROUNDWATER TREATMENT SUMMARY

ESTIMATED PERCENT
INFLUENT DISCHARGE REMOVAL
CHEMICAL CONCENTRATION LIMITATION REQUIRED
(gh) (ugh)
Acetone 209 $0.0 0
Carbon Disulfide 03 NS NC
1,1-Dichloroethane 0.4 5.0 0
1,2-Dichioroethene (total) 55 50 * 10
Chioroform 42 7.0 0
1,2-Dichloroethane 0.6 5.0 0
2-Butanone 24 50.0 0
1,2-Dichioropropane 1.5 5.0 0
Trichloroethylene 216 100 54
Toluene 12.6 5.0 60
Ethylbenzene 55 5.0 9
1,2 Xylene ND 50 NC
Xylene (sum of 1,3 and 1,4) 36.2 10.0 72
1,2-Dichlorobenzene 03 4.7 0
2-Methyliphenol 0.5 10.0 0
4-Methyiphenol 16.5 10.0 39
Naphthalene 246 10.0 59
2-Methyinaphthalene 10.1 NS 0
Diethyiphthalate 08 NS NC
bis(2-Ethylhexyl)phthalate 0.3 NS NC

NC - Value not calculated. Insufficient data.
ND - Concentration not determined. No data available.

NS - Water quality criteria has not been established by NYSDEC for this chemical.
* - Discharge limitations are 5.0 pg/L for cis and 5.0 ug/L for trans 1,2-Dichloroethene
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AC-10t55
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