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I EXECUTIVE SUMMARY

Harding Lawson Associates (HLA) has performed Phases I and II of
a jet fuel (JP-5) leak investigation at the Naval Air Station (NAS),
Norfolk, Virginia. The purpose of this investigation was to delineate
those areas where phase separated and dissolved hydrocarbon (JP-5)
exists in the soil and groundwater, to investigate the amount and
move- ment of the hydrocarbon, and to discuss these findings in terms
of remediation of the problem. Initial remediation should include
JP-5 fuel 1line integrity testing, interim recovery of fuel, and addi-
tional borings/monitoring wells to delineate the eastern extent of the

hydrocarbon plume.

NAS Norfolk is a large Naval air facility and support complex
which provides the fleet with runway, hangar, training and maintenance
facilities, as well as a home base for speciality support units. The
facility was constructed during the 1920's and 1930's. During the
construction of the air station, the subgrade Boush Creek Culvert was
constructed generally along the historical creek drainage pattern and

is now the main storm water drainage system at NAS Norfolk.

In Tate 1984, NAS Norfolk personnel discovered a jet fuel leak in
Boush Creek Culvert near Building LP-78. The results of preliminary
studies indicated that jet fuel was entering Boush Creek Culvert at

points extending from the bulk storage fuel farm and extending to the
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north-northeast of the new jet engine test cells, Building LP-78.
JP-5 fuel supply lines were suspected leakage sources. The Common-
wealth of Virginia, State Water Control Board reviewed the plan of
action, and approved the scope of this investigation prior to the

commencement of the field activities.

The field investigation commenced with mobilization of the HLA
field crew to NAS Norfolk in September, 1986. A1l prospective boring
locations were surveyed for underground obstructions using surface
geophysical techniques. Once a location was cleared, a boring was
drilled to approximately 20 feet in depth. Monitoring wells were con-
structed in each boring using 4-inch diameter PVC pipe and screen.
Soil and fluid samples from each well were obtained and shipped to an
analytical 1laboratory for gas chromatograph and fingerprint analysis
of JP-5. Aquifer tests were performed on selected wells to character-
ize iocal hydrogeologic conditions. Water level and hydrocarbon
thickness measurements were obtained at each of the monitoring wells

concurrently with the sampling and testing program.

The Tlaboratory results indicate hydrocarbon presence in soil
samples from 11 borings. In addition, 18 wells contained measurable
hydroarbon in the fluid samples, 10 samples of which were “pure" JP-5
(petroleum hydrocarbon blend similar to JP-5). Groundwater level data
show a general hydraulic gradient toward the northeast. The ground-

water levels in the wells were apparently not significantly influenced
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by local tidal action; however, they were influenced by precipitation
(or lack thereof). Analytical analyses of aquifer test data show that
the strata in the area have moderate (average) permeability and
transmissivity. In-situ testing indicates that the aquifer is
disrupted and modified by local construction at the NAS, including
deep building foundations and Boush Creek Culvert, to the extent that

data at any one well may not characterize the aquifer as a whole.

Primary recommendations focus on three distinct areas:

1. The need to eliminate the sources of the fuel in the sub-
surface as quickly as possible. This will include integrity
testing to determine which JP-5 pipelines leak and the
immediate repair/replacement of defective lines. A1l future
work on site should be predicated on the elimination of the
leak source(s). Installation of leak monitoring equipment
could be very effective in minimizing future problems.

2. The timely implementation of a fluid recovery system which
would pump phase separated hydrocarbons and hydrocarbon-
contaminated groundwater into an above-ground recovery and
treatment system. This system would separate the hydro-
carbon from the pumped groundwater and, depending upon local
regulatory requirements, treat the groundwater for dis-
charge. Size and cost of the final system will depend upon
the extent and volume of phase separated hydrocarbon on the
groundwater surface.

3. The continuation of the subsurface investigations in the
area east of the present site area. Additional borings/
monitoring wells, along with supplemental aquifer test data,
will further define the extent of the hydrocarbon body and
dissolved concentrations of hydrocarbon in the groundwater.
This information will permit improved technical and cost
evaluation of the final remedial techniques.
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II  INTRODUCTION

The U. S. Navy engaged Harding Lawson Associates (HLA) to perform
a site characterization study of a jet fuel leak at Naval Air Station
(NAS) Norfolk, Virginia. The study was performed under existing con-
tract with Southern Division, Naval Facilities Engineering Command
(SOUTHDIV) supporting Atlantic Division, Naval Facilities Engineering
Command (LANTDIV) and NAS Norfolk. This report presents the results
of the HLA field investigation which was conducted to delineate the
extent of phase separated and dissolved hydrocarbon migration in the
subsurface, to possibly estimate volumes of hydrocarbon present at
select locations, and to propose appropriate alternative remedial

action, and/or make recommendations for additional study.

NAS Norfolk is a large naval air facility and support complex
which provides the fleet with runway, hangar training and maintenance
facilities, as well as a home base for specialty support units. The
facility was constructed during the 1920's and 1930's. Prior to this,
much of the site was a marshy environment. Surface water entered the
site via Boush Creek which apparently followed a northeasterly
drainage. During the construction of the air station, the subgrade
Boush Creek Culvert was constructed generally along the historical

creek drainage pattern and is now the main storm water drainage system

at NAS Norfolk (refer to Plates 1 and 2).
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In late 1984, NAS Norfolk personnel discovered a jet fuel leak in
Boush Creek Culvert near Building LP-78. Preliminary investigations
of this leak were performed in September 1984 by LANTDIV and Naval Air
Rework Facility (NARF) engineers who established the general area of
interest for the current study. The results of the preliminary
studies indicated that jet fuel was entering Boush Creek Culvert at
points extending from the bulk storage fuel farm and extending to the
north-northeast of the new jet engine test cells, Building LP-78.
JP-5 fuel supply lines were suspected leakage sources. HLA conducted
a preliminary site investigation on April 24, 1986, to formulate a
plan of action for the field investigation. Interviews with Navy
personnel and a review of available drawings, borings, and literature
served as a basis for defining the initial area of interest and
selecting the field and laboratory methodology to be utilized. The
Commonwealth of Virginia, State Water Control Board reviewed the plan
of action, and approved the scope of investigation prior to the

commencement of the field activities.

The field investigation was begun on September 2, 1986 and
completed on November 7, 1986. Due to the apparent magnitude and
duration of the fuel leakage problem, the HLA investigation was
subdivided into two phases. Phase I was conducted to estimate the
approximate extent of phase separated and dissolved hydrocarbon in the
subsurface and to investigate the geologic and hydrologic conditions

in the area. The Phase II field work was developed from the site
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specific data obtained during Phase I. Phase II, which included
additional monitoring well installation and aquifer testing, was
conducted to further define the extent of hydrocarbon migration, the
associated hydrologic and geologic conditions, and to attempt to
identify the source(s) of leakage. Both Phase I and II drilling and

monitoring well installation were conducted without interruption.

Phases I and II of this program were designed to characterize the
extent and nature of subsurface hydrocarbon along with the geologic/
hydrogeologic environment, within the physical boundaries set out in
the HLA Work Plan. The results of Phases I and Il have focused on
these physical boundaries to the east, in the apparent direction of

migration of the plume.
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ITT SETTING

Norfolk lies in the southeastern portion of the State of Virginia
in the Atlantic Coastal Plain Physiographic Province. The locality is
characterized by Tow relief, and abundant estuaries. The following
sections discuss the regional geologic and hydrogeologic setting at

NAS Norfolk.

A, Regional Geology

Norfolk 1is underlain by gently eastward dipping unconsolidated
sediments ranging from Cretaceous to Holocene Age. The Tertiary
Yorktown Formation, and the Quaternary Columbia Group are the upper-
most stratigraphic units in the region, and the rocks of interest for
this study (refer to Table 1). The Columbia Group outcrops over most

of Norfolk.

TABLE 1

Geologic Units in the Norfolk Area

Thickness
Age Series Name Character (feet)
Quaternary Pliocene- Columbia Light-colored oxidized 0-120
Holocene Group deposits; mainly clays,
silts, sands, and gravels;
some peat.
Tertiary Miocene Yorktown Gray to bluish-gray silts, 0-400

Formation sands, shell beds; clay
beds uncommon. Bioclastic
sands and quartz-glauconite
sands in southeastern part.
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B. Regional Hydrogeology

The Atlantic Coastal Plain Region is underlain by a system of
sand and gravel aquifers separated by silt and clay confining layers.
These aquifers are divided into the upper unconfined aquifer known as
the Columbia Aquifer and five lower confined aquifers. The confined
aquifers from youngest to oldest are the Yorktown-Eastover, Chicka-
hominy-Piney Point, Aquia, Brightseat, and Potomac Aquifers. The
highest water yields are derived from the confined aquifers. Precipi-

tation is the primary source of recharge to the aquifers.

In the eastern portion of the Coastal Plain groundwater is
supplied by the Columbia and Yorktown-Eastover Aquifers. The
Yorktown-Eastover and Columbia Aquifers have typical well yields of

5-500 and 5-250 gallons per minute (gpm), respectively.

Groundwater withdrawals for public and industrial supply in
Virginia began about 50 years ago. Since that time, groundwater
levels in aquifers have steadily declined, and cones of depression
have grown around major withdrawal centers. This effect has not been
as noticeable in the Yorktown-Eastover Aquifer. Greater groundwater
production from the underlying aquifer has caused the confining layers
separating the overlying Columbia from the Yorktown-Eastover to leak.
Consequently, groundwater from the Columbia 1is recharging the
Yorktown-Eastover, and the depressed water table in the Columbia is

the result of both production and leakage.
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IV FIELD INVESTIGATION

This section presents both a summary of field activities carried
out by HLA at NAS Norfolk, and discussion and interpretation of the
field data. A more detailed explanation of field equipment and
procedures is presented in Appendix A. Prior to mobilization to NAS
Norfolk, HLA developed a site specific Health and Safety Plan (refer
to Appendix B) in accordance with the project Scope of Work . This
plan addressed the safety of those involved with the planned field
investigation of the JP-5 fuel Tleak at NAS Norfolk. The plan was
approved by the Navy and provided by HLA to all subcontractors and

field personnel.

A. Methods and Procedures

On September 3, 1986, HLA mobilized a field crew to NAS Norfolk
to begin the two-phase field investigation. Following meetings with
LANTDIV personnel, HLA conducted a survey, using an HNu Systems, Inc.,
Photoionization Detector (HNu), for volatile organic vapors. The
instrument is calibrated to benzene. The HNu survey was conducted on
open storm sewer drains located in the general site area to investi-
gate the presence of hydrocarbon vapors (refer to Appendix A-1 and
Plate 2). This information, to the extent possible, was used in the

initial location of the Phase I borings/monitoring wells.
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Prior to drilling a location, a surface geophysical technique,
Ground Penetrating Radar (GPR) was used to investigate subsurface
pipes and utilities so that these obstructions could be avoided during

drilling (refer to Appendix A-2).

Borings were advanced by an all-terrain vehicle mounted drilling
rig using hollow-stem augers and rotary wash drilling techniques;
samples were taken with a split-spoon sampler (refer to Appendix
A-3). Boring depths ranged from approximately 18 feet to 26 feet

"below ground surface. Upon completion of each boring, 4-inch diameter
PVC wells were installed with sand pack and sealed with bentonite
(refer to Appendix A-4). Christy boxes were installed for protection
of the well casing and cemented in-place. In addition to boring
location clearance, surface geophysical methods were used to trace the
routes of the JP-5 pipes into the tank farm and between the tank farm

and the test cells,

There was no time break between Phase I ahd Phase II as boring
location, geophysical <clearance, drilling and well installation
progressed simultaneously. Phase II borings were located using
information which HLA assimilated and developed during the Phase I
drilling operations. By September 23, 1986, twenty-three (23) wells
had been installed. Soil samples were shipped to the analytical

laboratory for testing and the HLA crew demobilized.

- 10 -
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On October 31, 1986 HLA remobilized to NAS Norfolk to perform
aquifer testing and groundwater sampling. Wells were developed by
pumping and both slug and constant discharge aquifer tests were
performed (refer to Appendix A-5). Well fluid samples were obtained
and shipped to the analytical laboratory for testing. Concurrent with
the other activities, groundwater 1level and hydrocarbon thickness
measurements were taken periodically in each well. HLA demobilized

from the site at the completion of Phase II on November 7, 1986.

B. Data Analysis and Interpretation

The following section presents the results of the analysis and
interpretation of data collected during the Phase I and II field work
at NAS Norfolk. A1l field methodology, laboratory analysis, and data

are presented in Appendices A through H.

1, HNu Survey

The initial step in the Phase I field effort was to perform
a survey of water, stormwater, and sanitary sewer system manholes with
the HNu_(refer to Appendix A-1 for field techniques and methodology).
The data obtained from this survey were utilized in selecting the
tentative Phase I and II boring locations, based upon the theory that
in areas where high vapor concentrations were detected, fuel in the
subsurface would probably be entering the system in the immediate
vicinity. Relatively high readings were recorded north and south of

LP-176, east and northeast of LP-78, and east and southeast of LP-179.

- 11 -
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Twelve borehole locations were tentatively located on either side of

Boush Creek Culvert based upon these data.

2. Geophysics

Following the HNu survey and tentative location of borehole
sites, a surface geophysical survey was performed. The geophysical
data obtained were interpreted in the field to clear borehole
locations of subsurface obstructions, and to locate the JP-5 fuel

1ines in the study area (refer to Appendix A-2 for methodology).

Twenty-three boring Tlocations were successfully drilled, although
monitoring wells MW-6 and MW-23 were relocated to permit the drilling
equipment to be more easily operated (overhead clearance, subsurface
obstructions, freedom of movement, etc.). Boring MW-19 was not
drilled to total depth, due to the presence of subsurface obstruc-
tions, which were encountered during drilling. It was not completed
as a monitoring well. It was not relocated for safety considerations,
since the geophysical equipment used to clear the borehole Tlocations

had been demobilized prior to drilling.

A search of available files and records did not accurately
define the locations of subsurface fuel lines. Geophysics techniques
were selected to better locate these fuel lines. Two sets of JP-5
fuel Tines were located and traced through the study area using GPR

and Electromagnetic (EM) techniques. The 1lines were marked on the

- 12 -
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pavement using yellow surveyor's paint, and measurements were taken

from adjacent or nearby building corners.

These data were used to illustrate the fuel lines (refer to Plate 2).
The exact location of the subsurface JP-5 lines is uncertain in three

areas at this time:

° Between Building LP-176 and LP-177, where the pipes run
north-south;

) Between Buildings LP-176 and LP-78, where the pipes run
east-west; and

) Between Building LP-176 and Value Pit (VP)-15, where the
pipes run north-south.
However, taking known data points on either side of the

above areas, the Tines can be tentatively Tinked together.

During HLA's field investigation, two jet fuel line valve
pits were observed - VP Pit 15 and VP Pit 80. Using surface
geophysical methods, the JP-5 pipelines from Willoughby Bay were
identified to be entering VP Pit 15. Although JP-5 lines were not
tracked by HLA via geophysical methods to VP Pit 80, NAS Norfolk
personnel indicated that the pipelines entered this valve pit. The
JP-5 pipeline system pump house (LP-44) 1is located on the southern
boundary of the site. HLA followed the JP-5 pipelines via geophysical

methods from this building, across the site. Access to the pipelines

- 13 -
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can likely be achieved at this building. A pipeline access manhole ws

observed by HLA north of LP-176 (refer to Plate 2A).

In addition to the JP-5 pipeline access points observed by
HLA, NAS Norfolk personnel reported three additional valve pits, VP
Pit 14, VP Pit 13, and VP Pit 12. Each of these valve pits is located
along the JP-5 line from Willoughby Bay (refer to Figure 1). VP Pit
12 is located near building SP-312, the pump house for the fuel lines

from Willoughby Bay.

Groundwater levels, as measured in the completed monitoring
wells, varied between 4 to 7 feet below ground surface. The maximum
penetration obtained by the GPR system is also within this range
depending on location. Attempts were made to correlate groundwater
elevations to the GPR records; however, no clearly defined level of

groundwater saturation is apparent on the GPR records.

3. Monitoring Well Drilling and Installation

The following section presents the geologic and hydro-
geologic data obtained from the drilling and installation of the 23
monitoring wells during the Phase I and II field investigation. Each
of the boreholes was logged, and soil samples were collected from
selected subsurface intervals. Table 2 summarizes the complete data

on boring/monitoring well installations.

- 14 -



Harding Lawson Associates

TABLE 2

Boring/Monitoring Well Summary

Depth of Depth of Screened
Boring Well Below Interval Thickness** Elevation***

Boring/ Below Ground Below Ground of Major of Top of
Well Ground Level Level Level Aquifer Casing

No. (feet) (feet) (feet) (feet) (feet)
MW-1 26.5 24.0 2.3-23.5 15.3 12.81
MW-2 23.0 19.5 1.5-19.0 22.0 11.70
MW-3 23.0 22.0 2.0-21.5 18.5 12.85
MW-4 22.0 22.0 2.0-21.5 13.0 10.00
MW-5 23.0 22.0 2.0-21.5 13.0 10.85
MW-6 23.5 22.7 2.7-22.2 >22.0 10.80
MW-7 23.0 22.0 2.0-21.5 17.0 12.70
MW-8 23.0 22.0 2.0-21.5 17.0 12.82
MW-9 23.0 22.0 2.0-21.5 16.0 12.69
MW-10 23.0 22.0 2.0-21.5 »>23.0 12.45
MW-11 25.0 22.0 2.0-21.5 15.0 12.34
MW-12 23.0 22.0 2.0-21.5 16.6 11.25
MW-13 25.0 22.3 2.3-21.8 >19.0 12.57
MW-14 23.5 21.1 1.1-20.6 10.5 12.22
MW-15 20.5 20.3 5.3-19.8 14.1 12.16
MW-16 23.5 23.3 3.3-22.8 >19.0 11.87
MW-17 23.0 22.8 2.8-22.3 16.7 11.92
MW-18 24.0 23.0 3.0-22.5 15.5 13.06
MW-19*
MW-20 25.5 25.0 5.2-24.7 >25.0 12.12
MW-21 23.0 22.0 2.0-21.5 18.2 12.25
MW-22 23.5 22.3 2.3-21.8 >20.0 12.85
MW-23 23.5 22.3 3.3-22.8 14.6 10.67
MW- 24 23.5 22.3 2.3-21.8 >22.0 12.40

* MW-19 was not drilled, or relocated, refer to text.

** Total aquifer sand thickness in each specific boring.

*** Elevations tied to U.S. Geological Survey benchmark referenced to
Mean Sea Level (MSL).

- 15 -
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Following the installation of screen, casing, filter pack
and bentonite seals 1in each borehole, groundwater level and
hydrocarbon thickness measurements were taken at selected intervals
during periods of high and lTow tide. Refer to Appendices A-3 and A-4
for drilling techniques and monitoring well completion methodology,

respectively.

4. Site Specific Geology

Strata encountered during the drilling program were pri-
marily unconsolidated sediments composed of sands, silts, sands with
clay, silty clay, and clay. Sediments logged at monitoring wells
MW-15 and MW-16 were interpreted to be hydraulic fill from channel
dredgings, based on the presence of a much larger volume of organic
debris, shell fragments, etc., and the lack of correlative soils with
the other 21 borings. The boring logs indicate that sand with varying
amounts of silt and clay occurs from immediately beneath the cover
material and topsoil to depths ranging from 10.5 feet in boring No. 14
to greater than 25 feet in boring No. 20 (refer to Appendix C). This
unit represents the uppermost water-bearing strata, and the zone to
which the phase separated and dissolved hydrocarbon 1is apparently
confined. The unit is traceable throughout the area of investigation;
however, inclusions of silt and clay with thicknesses up to 1.0 foot

occur sporadically and can not be correlated between the borings.

In monitoring wells MW-1 through MW-6, MW-9, MW-11, MW-12,

- 16 -
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MW-14, MW-15, MW-17, MW-18, MW-21, and MW-23, an underlying soft, gray
clay unit was encountered. The clay layer ranged in depth from 14
feet to greater than 25 feet below land surface. Monitoring well
MW-16 was completed in a sandy silt encountered at 18 feet below
ground surface. Monitoring wells MW-7, MW-8, MW-10, MW-13, MW-20, and

MW-22 were completed in loose, saturated sand.

In each instance where the monitoring well completions were
set in the underlying clay zone, drilling and installation was accom-
plished using the hollow-stem auger technique. In those borings where
loose sand was encountered at total well depth, the drilling technique
had to be converted to rotary wash with drilling mud to prevent the
caving of the hole, and the consequent refusal of the screen, casing

and filter pack.

Three stratigraphic cross-sections were prepared using the
boring logs for the purposes of determining the relative dip of the
strata, and the configuration of the potentiometric surface relative
to the subsurface materials (refer to Plates 3 through 5). Cross-
sections A-A' and B-B' trend northwest to southeast across the study
area. Cross-section C-C' trends northeast to southwest and roughly

parallels Boush Creek Culvert (refer to Plate 2).

The cross-sections indicate that the subsurface strata are

relatively flat (little or no dipping of the beds). The underlying

- 17 -
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clay zone was encountered in all wells south of MW-21, and in wells
MW-14 and MW-15 to the northeast. Wells between these areas
terminated in a medium to coarse-grained sand. The potentiometric
surface as shown on the cross-sections is relatively flat and follows

the general land surface topography.

5. Soil Sampling

Subsurface soil samples were collected during the drilling
program for the purpose of visual inspection and screening by use of
the HNu meter. Based on the results of these qualitative screening
processes, soil samples which were believed to contain the highest
concentration of volatile hydrocarbons from each boring were selected
for laboratory analysis. A gas chromatograph/fingerprint analysis was

used to quantify JP-5 present in each soil sample.

Forty-three soil samples were analyzed from
boring/monitoring wells MW-3 through MW-24, with the exception of
MW-19. A minimum of two samples were submitted from each boring/
monitoring well. The results of the laboratory analyses of soil
samples with the highest indication of JP-5 for each boring/monitoring
well are summarized in Table 3 below. Fifteen soils samples from 10
wells demonstrated positive comparative properties with the raw JP-5
fingerprint. Complete 1laboratory analytical results for the soil

samples are included in Appendix D.

- 18 -
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TABLE 3

Soil Sample Laboratory Analysis

Indication of Number of Well

JP-5, in mg/kg Wells Numbers

No Hydrocarbon Blend Present 11 3, 4, 5, 13, 14, 15, 16,
18, 20, 22, 24

< 100 2 8, 21

100 - 10,000 4 6, 9, 10, 17

10,000 - 50,000 2 7, 12

> 50,000 2 11, 23

Note: Summarized results are for samples with the highest
concentration of JP-5 detected from multiple samples submitted
for each boring/weill.

6. Groundwater Levels and Phase Separated Hydrocarbon Thicknesses

Groundwater and hydrocarbon Tlevels were measured 1in each
monitoring well throughout the course of the Phase I and II field
investigations, using an electric water level probe and a steel tape
coated with water and hydrocarbon sensitive pastes. These measurements
were made daily during approximate high and low tides to determine the
influence of tidal fluctuations. Table 4 1lists the most recent
(November 7, 1986) groundwater and hydrocarbon levels for each of the
23 monitoring wells. A complete listing of groundwater and hydrocarbon

measurements is presented in Appendix E.

- 19 -
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TABLE 4

Groundwater Levels and Hydrocarbon Thicknesses

Corrected

TOC* Depth to Hydrocarbon Elevation Water
Well Elevation Water Thickness of Water Elevation
No. Date (Feet MSL**) (Feet) (Feet) (Feet MSL) (Feet MSL)
MW-1 11/07/86 12.81 6.03 0.00 6.78 6.78
MW-2 11/07/86 11.70 5.93 0.00 5.77 5.77
MW-3 11/07/86 12.85 8.15 0.00 4.70 4.70
MW-4 11/07/86 10.00 4.57 0.00 5.43 5.43
Mw-5 11/07/86 10.85 7.24 1.47 3.61 4.82
MW-6 11/07/86 10.80 5.79 2.02 5.01 6.67
MW-7 11/07/86 12.70 6.66 0.00 6.04 6.04
MW-8 11/07/86 12.82 6.83 0.00 5.99 5.99
MW-9 11/07/86 12.69 6.91 0.87 5.78 6.49
MW-10 11/07/86 12.45 8.31 2.78 4.14 6.42
MW-11 11/07/86 12.34 9.32 4,65 3.02 6.83
MW-12 11/07/86 11.25 7.70 1.58 3.55 4.85
MW-13 11/07/86 12.57 6.68 0.00 5.89 5.89
MW-14 11/07/86 12.22 5.72 0.00 6.50 6.50
MW-15 11/07/86 12.16 7.74 0.00 4.42 4.42
MW-16 11/07/86 11.87 5.65 0.00 6.22 6.22
Mw-17 11/07/86 11.92 6.05 0.00 5.87 5.87
MW-18 11/07/86 13.06 7.18 0.00 5.88 5.88
MW-19***
MW-20 11/07/86 12.12 6.15 0.00 5.97 5.97
MW-21 11/03/86 12.25 9.33 3.82 2.92 6.05
MwW-22 11/07/86 12.85 7.01 0.12 5.84 5.94
MW-23 11/01/86 10.67 7.65 4,13 2.02 6.41
MW-24 11/07/86 12.40 6.57 0.00 5.83 5.83
* TOC = Top of Casing

** MSL = Datum - Mean Sea Level
*** MW-19 was not drilled, or relocated. Refer to text.

When present, phase separated hydrocarbon depresses the water
surface in monitoring wells, therefore measured hydrocarbon thicknesses
were multiplied by 0.82 (an average specific gravity for JP-5) and the
resulting water equivalent head was added to the measured static

groundwater levels to obtain the corrected groundwater elevation.
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Phase separated hydrocarbon was detected in monitoring welils
MW-5, MW-6, MW-9, MW-10, MW-11, MW-12, MW-17, MW-21, MW-22, and
MW-23. From September 15 to 21, 1986, the hydrocarbon thicknesses in
MW-12 and MW-17 increased from 0 to 0.73 feet and 0.56 to 1.69 feet,
respectively. Between September 21, 1986 and November 1, 1986, the
hydrocarbon thickness decreased from 1.69 feet to 0.00 feet in MW-17,
and increased from 0.00 feet to 0.80 feet in MW-9. In the other
wells, the hydrocarbon thicknesses remained relatively constant. The
fluctuations in hydrocarbon thicknesses may represent either a move-
ment of the hydrocarbon body across the site, or a variance in the
volume of hydrocarbon entering the subsurface. A hydrocarbon isopach
map was developed from data obtained on November 7, 1986, which
approximately defines lateral extent of the subsurface hydrocarbon
body (refer to Plate 6). Hydrocarbon thicknesses observed in wells do
not necessarily represent the thickness of hydrocarbon in subsurface

materials.

Water Tevel measurements were collected on November 7, 1986 for the
purpose of generating a potentiometric map for the area of investi-
gation. The measurements were made in a very short time interval
(approximately one hour), which should have eliminated influences on
the static water table, such as precipitation, baro- metric pressure
changes, tides, etc. A site potentiometric surface map was developed
from the November 7, 1986, groundwater levels measured in the 23

monitoring wells (refer to Plate 7).
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7. Site Hydrogeology

Unconfined (water table) groundwater conditions prevail in
all of the materials penetrated during the Phase I and II investi-
gations. Groundwater elevations range from 4.42 to 6.78 feet above
mean sea level. The data do not appear to reflect any significant
tidal effect on the water table within the vicinity of the monitoring
wells (refer to Appendix G). Corrected water elevations remained
fairly constant throughout the field investigation although a slight

rise in elevations was noted during periods of precipitation.

Analysis of the water level data and Plate 7 indicates that
the water table is highest in the southwest corner of the site. The
hydraulic gradient is inconsistent over the site but generally slopes
to the northeast, and is estimated from Plate 7 to be approximately 6

feet/mile (.0011 ft/ft).

8. Fluid Samples

Fluid samples were collected from each monitoring well
during Phase II of the field effort, and screened in the field by
visual inspection. The samples ranged from phase separated hydro-
carbon to groundwater with dissolved hydrocarbon to groundwater with
no phase separated or dissolved hydrocarbon. A fluid sample from each
monitoring well was analyzed. Table 5 summarizes the laboratory
results and shows that 18 of the 23 monitoring wells contain detect-

able Tevels of hydrocarbon. Ten of the 18 samples were found to be
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“pure" JP-5 (phase separated). Two of the samples (MW-7 and MW-20)
containing dissolved hydrocarbon were described as thermally degraded
hydrocarbon blend similar to JP-5. With the exception of monitoring
well MW-22, all of the wells whose samples were determined to be
“pure" JP-5 are located on the east side of Boush Creek Culvert and
the jet fuel supply lines. This suggests that subsurface hydrocarbon
movement is in an easterly direction. Complete laboratory analytical

results for the fluid sampies are included in Appendix F.

TABLE 5

Fluid Sample Laboratory Analysis

Indication of Number of Well
JP-5, in ug/L Wells Numbers
<25% 5 1, 2, 13, 14, 16
26 - 1,000 6 3, 4, 8, 15, 20, 24
>1,000 2 7, 18
Pure** 10 5, 6, 9, 10, 11, 12, 17,
21, 22, 23
* Detection 1imit for analytical method.

*x Samples were determined to be essentially pure hydrocarbon blend
similar to JP-5.

9. Aquifer Tests

Aquifer testing consisted of slug tests and constant rate
pumping tests on the shallow water-bearing strata encountered in this

hydrogeological investigation.
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Aquifer testing was performed to estimate the hydraulic
conductivity and transmissivity of the water-bearing strata. These
parameters provide insight 1into shallow groundwater flow and the
migration of phase separated and dissolved hydrocarbon migration.
These parameters also assist in the evaluation of various remediation
techniques based on the strata's fluid-flow characteristics, which

are discussed later in this report.

a. Slug Tests
Slug tests were performed on several monitoring wells
during the period November 6 to 7, 1986, A 5-gallon slug of water was
injected into each well tested. Water levels were measured with
pressure transducers, and the data points were used in the

calculations.

The slug test data were analyzed in accordance with
methods presented in "A Slug Test for Determining Hydraulic
Conductivity of Unconfined Aquifers with Completely or Partially
Penetrating Wells" (Bouwer and Rice, 1976). The results of the slug
tests are summarized in Table 6 (refer to Appendix G for all field
data and computations). An average hydraulic conductivity of 111
gpd/ft2 and an average transmissivity of 3.5 x 1073 ftz/sec were
estimated from the slug test results. These values represent
mid-range (average) hydraulic conductivities which are typical of fine

to coarse gravel sand aquifers.,
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TABLE 6
Slug Test Results

Well Hydraulic Conductivity Transmissivity
No. Date (gpd/ftz) (ftz/sec)
MW-T1 11/06/86 60 1.5 x 10-3
MW-2 11/06 86 105 2.7 x 10-3
MW-3 11/06/86 368 6.5 x 10-3
Mi-4 11/06/86 117 1.7 x 10-3
MW-7 11/06/86 40 9.8 x 10°4
MW-13 11/07/86 50 1.3 x 10-3
MW-14 11/07/86 60 1.2 x 1073
MW-16 11/06/86 94 1.9 x 1073
MW-20 11/06/86 130 3.4 x 10-3
MW-24 11/06/86 85 2.1 x 10-3
MEAN VALUES 11 3.5 x 10-3

b. Pump Tests

HLA performed pump tests on the shallow water-bearing
strata during the period November 3 through November 5, 1986. Tests

were performed in monitoring wells MW-10 and MW-17.
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Monitoring well MW-10 was pumped on November 5, 1986 for 230
minutes at an average discharge rate of 2.0 gpm. An artificial re-
charge boundary was encountered in MW-10 after Tess than one minute of
groundwater discharge. According to Walton, an artificial recharge
boundary condition may be recognized as follows: (1) initially, water
levels will decline as anticipated (for a given discharge); (2) when
the artificial recharge boundary is encountered there will be a
gradual decline in drawdown until the inflow from the recharge source
is equal to the discharge rate of the pumped well; and, (3) at the
moment of equilibrium and from that time on, no additional drawdown
will be observed. The recharge source may have been a Tleak through a
crack in one of the storm or sewer lines in the vicinity of the well.
Once inflow from the source was equal to the discharge rate of the
pump (approximately 2.0 gpm), a constant water Tlevel in MW-10 was
established and maintained. After 230 minutes of pumping MW-10, the
water level had not changed and the test was aborted. No drawdown was
observed in MW-9, the nearby observation well. Recovery water levels
were monitored for 74 minutes after cessation of pumping. The rapid
recovery in MW-10 indicates a hydraulic conductivity generally in

agreement with with the results of the slug test analyses.

Monitoring well MW-17 was pumped November 3 and 4, 1986 for
1,860 minutes at an average discharge rate of 2.2 gpm without reaching
equilibrium. This test was terminated after pumping water levels in

the well began approaching the level of the intake of the pump.
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Should the water level drop below the pump intake, the pump will break
suction reducing the discharge rate, and jeopardizing the accuracy of
the final pumping data and all recovery data . The pumping test was

terminated to obtain valid pumping recovery data for analysis.

Drawdown data from the pumping well frequently does not
yield accurate estimates of hydraulic conductivity and transmissivity,
due to the turbulent flow of groundwater as it enters the well bore
and pump. Accurate, representative water level measurements are
typically not possible under these conditions. No drawdown was
observed in the observation wells during pumpage. The average dis-
charge rate of 2.2 gpm was evidently too low to develop a cone of
depression sufficient to affect Well MW-5, the nearest observation
well which is approximately 150 feet away from MW-17. Other pumping
rates were tested during earlier step-drawdown aquifer tests but
resulted in drawdowns below the pump intake in a very short time. In
addition, building foundations and disturbed water-bearing strata
probably obstructed natural groundwater flow patterns, which may have
prevented a response in the observation wells. Since the borings/
monitoring wells were installed primarily to delineate the hydrocarbon
contamination, ideal spacing of wells for pump test observations was

not available.

Recovery water levels from pumping well MW-17 were monitored

for 120 minutes. These data were analyzed in accordance with methods
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presented in Ground Water and Wells (Driscoll, Fletcher G., 1986).

Graphs, curves, and calculations for the hydrogeologic parameters
using recovery data are presented in Plates 8 through 11. A1l field

measurements made during the tests are presented in Appendix G.

The recovery data were reduced and analyzed using the Jacob
Modified Theis Equation. This analytical method, although generally
applicable for confined aquifer conditions, can be used in certain
cases for unconfined aquifer conditions, as is this case (refer to
Appendix A-5). This method, as shown in the Appendix A-5, may be

applied to two types of graphical analysis:

1. Residual drawdown (s') plotted against the ratio
of time, (t/t'); and

2. Water 1level recovery data plotted against time
after pumping stopped.
In each case the data are plotted on semi-logarithmic

paper. Results are as follows:

Method 1
Transmissivity (T) = 1.56 x 10-3 ft2/sec
Hydraulic Conductivity (K) = 91.7 gpd/ft2

Method 2
Transmissivity (T) = 1.52 x 10-3 ft2/sec
Hydraulic Conductivity (K) = 89.3 gpd/ft2

- 28 -



Harding Lawson Associates

The values obtained from these calculations demonstrate the
anticipated consistency for T and K, and are mid-range for a water
table aquifer. According to Driscoll, aquifers composed of fine to
coarse grained sand have hydraulic conductivities which range from

1 4 gpd/ftz. These parameters (T, K) are reflective of

100" to 10
the strata's relative ability to transmit fluids through a portion of

the subject aquifer.

Utilizing the average hydraulic conductivity of
90.5 gpd/ftz, as determined from pumping test data, and an average
porosity of 35 percent (representative of the type of soils en-
countered during drilling), the groundwater velocity (particle) was
estimated to be approximately 14 feet/year. Utilizing the average
hydraulic conductivity of 111 gpd/ftz, as determined from the slug
test data, and the porosity value of 35 percent, the groundwater
velocity (particle) was estimated to be approximately 16 feet/year

(refer to Appendix A-5).

Particle velocity values represent the distance a "particle"
of water will travel between any two points in the aquifer in a
specified time. The velocity range of 14 to 16 feet/year determined
for this shallow aquifer system at NAS Norfolk is low to moderate.
Refer to Appendix A-5 for the analytical methods used in determining

the particle velocity.
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10. Phase Separated and Dissolved Hydrocarbon

Measurable amounts of phase separated hydrocarbon were
consistently observed in monitoring wells MW-5, MW-6, MW-9, MW-10,
MW-11, MW-12, MW-17, MW-21, MW-22, and MW-23 during the field
investigation. Laboratory analysis of fluid samples collected from
the monitoring wells shows that MW-3, MW-4, MW-7, MW-8, MW-15, MW-18,
MW-20, and MW-24 contained dissolved hydrocarbon varying from trace
amounts to greater than 1,000 micrograms (ug/1) per liter (refer to
Table 6). Only monitoring wells MW-1, MW-2, MW-13, MW-14, and MW-16

failed to exhibit some indication of JP-5 (refer to Table 6).

Plates 6, 12 and 13 were developed from the field hydro-
carbon thickness measurements, and results laboratory analyses of the
fluid and soils samples, respectively. Each of these maps represents
phase separated or dissolved hydrocarbon in the subsurface. All of
the maps (Plates 6, 12 and 13) indicate significant hydrocarbon
concentrations immediately opposite and east of Boush Creek Culvert,
and the set of fuel lines supplying Building LP-176 (new test cells)
and LP-78 (ol1d test cells). This suggests that the fuel lines may be
the source of hydrocarbon and that the general flow trend of the
hydrocarbon body may be toward the east. Also, each map shows
elevated hydrocarbon levels in the soil and groundwater samples taken
to the northwest of the major fuel concentration area. This may
indicate an earlier leak in the fuel lines at a more northerly point

(possibly within the Willoughby Bay fuel farm supply lines), a change
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in direction of the hydraulic gradient, and/or the advent of the
cracks in the culvert walls, which would result in the interception of

northerly moving hydrocarbon.

Additionally, Plate 7 indicates that the hydraulic gradient
is relatively small and generally toward the northeast across the
site, presumably along Boush Creek Culvert. However, there is a
“mounding" effect, or rise in fluid elevations, in the area of maximum
hydrocarbon thickness (between and east of Buildings LP-176 and
LP-78). This mounding is possibly due to "over-accummulation" of
phase separated hydrocarbon in these monitoring wells, resulting in

slightly elevated, corrected groundwater elevations.

Plates 12 and 13 indicate the presence of hydrocarbon in
soils and groundwater west of Boush Creek Culvert. This may be the
result of hydrocarbon migration to the north and northwest at rates

greater than the interception of migrating fluids by the culvert.

The absence of hydrocarbon in monitoring wells MW-13, MW-14
and MW-16, which are also downgradient from the identified hydrocarbon
body, suggests that Boush Creek Culvert is effectively intercepting
hydrocarbons migrating to the north and east or that hydrocarbon has
not migrated to that extent as yet. Apparently no significant current
leaks are located in the JP-5 supply pipelines north of their

intersection with Boush Creek Culvert. No phase separated hydrocarbon
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has been observed in monitoring wells MW-8, MW-13, and MW-16 which are
adjacent or downgradient from these pipelines. The absence of phase
separated hydrocarbon in well MW-18 suggests no significant current
leakage in the east-west trending portion of the pipelines in the
section west of the Boush Creek Culvert (refer to Plate 6). The
absence of hydrocarbon in well MW-17 in November is most 1likely a
result of hydrocarbon being pumped from the well during the pump test
rather than migration of hydrocarbon out of the immediate well
vicinity. Presumably, the hydrocarbon body still exists in the
general vicinity of MW-17. No phase separated hydrocarbon has been
detected in the remaining wells MW-1, MW-2, MW-3 and MW-4 which are

lTocated upgradient from fuel lines.

Monitoring wells MW-5 and MW-17, which have consistently
contained phase separated hydrocarbon are located to the east of Boush
Creek Culvert and to the west of pipelines to the jet engine test
cells (refer to Plate 6). This suggests that a leak exists in the

pipelines extending from the Willoughby Bay to the tank farm.

Results of this investigation suggest that two distinct
pipeline leaks may be present in the JP-5 delivery system at NAS
Norfolk. The Willoughby Bay pipelines may be leaking between the tank
farm and Building LP-179; and, as previously mentioned, the fuel Tines
supplying the test cells may be leaking between Building LP-176 and
LP-78.
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Plates 6, 12, and 13 illustrate the need to develop
additional data on the east side of the area of investigation. Wells
MW-9, MW-10, and MW-12, which are the most eastern wells from the fuel
lines, contain significant amounts of phase separated hydrocarbon,
therefore, additional delineation of the extent of hydrocarbon

migration is required east of the existing wells.
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V. REMEDIATION TECHNIQUES

Remediation techniques are biological, chemical and physical
methods which may be used individually or in combination to mitigate
contamination. The appropriate combination and timing of techniques
should result in a remedial action that effectively satisfies all site
objectives. A brief description of each of the remediation alter-
natives available for phase separated and dissolved hydrocarbon
contamination and presented in the NAS Norfolk Final Work Plan, is

discussed below.

None of these remediation techniques can recover one hundred
percent of the subsurface hydrocarbon. However, they can be used
independently or in combination to maximize hydrocarbon recovery
potential. Migrating phase separated and dissolved hydrocarbon can be
recovered or removed and residual hydrocarbon can be reduced to safe
levels. With time, indigenous bacteria should reduce the residual

hydrocarbon.

A. Recovery Wells

Recovery wells may be designed to utilize the natural hydro-
dynamic forces which cause hydrocarbon to migrate into the wells, or
to create a hydrodynamic environment (i.e., cone of depression) which
will cause hydrocarbon to migrate into wells. If the hydraulic

gradient on-site 1is adequate to provide significant hydrocarbon

- 34 -



Harding Lawson Assoclates

accumulation in wells, a skimming type system may be installed in each
well to recover hydrocarbon only. In most cases and in particular, in
areas with very low hydraulic gradients such as at NAS Norfolk, a
hydrocarbon/groundwater pumping system is necessary to create a cone
of depression sufficient to enhance hydrocarbon recovery and stop
hydrocarbon migration. With this type of system, groundwater must be
continually withdrawn to maintain the cone of depression, while hydro-
carbon is recovered either by skimming or with the pumped water. This
approach will generally result in large volumes of water relative to
hydrocarbon recovered. The water will need to be treated on- or
off-site for removal of phase separated or dissolved hydrocarbon.
Recovered hydrocarbon may be stored in an above or below ground
storage tank or other structure, pending reprocessing or disposal.
The use of recovery wells is considered a viable remediation technique

for application at NAS Norfolk.

B. Interceptor Trenches

Interceptor trenches are often both an excellent immediate and
long term remedial technique for shallow, unconfined groundwater
conditions. The approach consists primarily of construction of a
gently sloping trench downgradient from the spill or leak, of
sufficient 1length to intercept the entire Tlateral extent of the
migrating contaminant plume. The trench must be of sufficient depth
to intercept the vertical extent of the migrating plume. For

hydrocarbon, the trench should extend several feet below the ground-
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water surface. The bottom of the trench is filled with a porous and
permeable material such as gravel and the down-gradient side of the
trench is lined with an impermeable fabric or low permeability clay or
silt. The phase separated hydrocarbon is recovered by skimming
methods in either a recovery well(s) or sumps located at one or more
down slope locations in the trench. This system is not considered
practicable for NAS Norfolk because of the large lateral extent of the
hydrocarbon body which may extend across numerous hangar areas and
beneath buildings. Construction of a trench in these areas would be
very disruptive to normal base activities and therefore would probably

not be feasible.

C. Slurry System

A slurry system is an effective way to prevent further migration
of contaminant plumes. The system consists primarily of construction
of a trench downgradient from the plume. The trench must be of
sufficient length and depth to intercept the entire lateral and
vertical extent of the migrating contaminant plume. During excava-
tion, the trench is progressively backfilled with a bentonite slurry,
which 1is heavy enough to prevent caving of the trenched material.
After the trench is completed, the bentonite slurry is replaced with a
cement slurry or another impermeable material such as clay, thus
forming a barrier to hydrocarbon migration. This technique only
immobilizes the hydrocarbon. It must be used on conjunction with

another remediation technique for removal of the contaminants. This
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system is not considered feasible for NAS Norfolk for the same reasons
as previously stated for an interceptor trench, particularly, the

potential interruption of ongoing NARF operations.

D. Flushing Systems

Flushing systems are effective, 1long-term remediation tech-
niques. For this method, both recovery and injection wells are used
in combination to develop cyclic flow of hydrocarbon and contaminated
groundwater. Water is pumped into the designated injection wells and
displaces the existing hydrocarbon and contaminated water, which is
pumped by the recovery wells. The contaminated water and hydrocarbon
is then recovered in a central recovery well(s). Recovered water
should be treated on-site and injected into wells on the perimeter of
the contaminant plume. Recovered hydrocarbon should be stored pending
reprocessing or disposal. A flushing system generally requires at
least twice as many injection wells as recovery wells. It also
requires available unsaturated materials to receive the injected
water. At NAS Norfolk, the shallow groundwater levels probably result
in insufficient unsaturated materials to allow effective reinjection.
Under prevailing conditions, this system is likely not feasible at NAS

Norfolk.

E. Microbial Degradation

In situ microbial degradation can be used alone or as a final

step with other remediation methods. Phase separated and dissolved
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hydrocarbon in groundwater as well as vapors in the unsaturated zone
can be completely degraded by indigenous microbial organisms. Aerobic
bacteria are able to most efficiently decompose refined petroleum
products. Natural environmental conditions generally result in
relatively slow degradation. However, the potential for degradation
can be greatly increased by creating optimal environmental conditions

for microbial growth.

Enhancement of environmental <conditions usually requires
injection of large volumes of oxygen rich air into the contaminated
area through designated air injection wells. In addition to oxygen,
microbial degradation also requires additional nutrients which must be

present to maintain or enhance microbial activity.

Pumping wells are used to effectively control groundwater move-
ment and to evenly distribute the active bacteria. An existing
monitoring well network often may be used as pumping wells for this
remediation technique. Microbial degradation, when incorporated into
a complete remediation system is considered feasible at NAS Norfolk.
Generally, this technique is required only to attain very stringent

restoration levels.

F. Waste Removal/Disposal

Waste removal/disposal is an effective, direct method of site

remediation. After definition of the contaminant plume is complete,
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the affected area and volume of contaminated subsurface material (soil
and fluids) 1is estimated. This material 1is then excavated and
transported to the appropriate disposal facility. Disposal of the
contaminated subsurface material at NAS Norfolk is not considered
feasible. The volume of contaminated subsurface material at NAS
Norfolk is probably large and the contaminated areas extend beneath
buildings, parking areas, and other base facilities, with limited

access for excavation.

G. Waste Treatment

Waste treatment systems for phase separated or dissolved
hydrocarbons are generally designed to treat waste on-site. Gravity
separators may or may not be wused at sites where phase separated
hydrocarbon is the predominant recovered fluid. Typically, the
recovered hydrocarbon is separated from incidental groundwater
withdrawal. When the recovered fluid is predominantly water (i.e.,
cone of depression), the recovered hydrocarbon is separated from
substantially larger volumes of potentially contaminated groundwater.
The separator allows the two 1liquids (hydrocarbon and water) to
dissimilate. Recovered hydrocarbon, withdrawn from the separator or a
storage tank, may be reprocessed for future use or disposed of at an
on- or off-site facility. Groundwater pumped from the separator may
require treatment prior to discharge. Any remediation technique

generating significant volumes of groundwater should include some form
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of waste water treatment and disposal. This system is considered

feasible for remediation at NAS Norfolk.

H. Reinjection

Reinjection is an effective Tlong-term remediation technique.
Water recovered by a flushing or recovery well system is generally
treated on-site using a separator and other treatment methods. After
the water has been treated and meets necessary water quality stan-
dards, it is reinjected into the subsurface. Reinjection can be used
as part of the flushing system or as a means for disposal of treated
groundwater from other techniques. Under most circumstances, this
system is not considered feasible for NAS Norfolk for the same reasons

as stated earlier in the discussion of flushing systems.
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VI RECOMMENDATIONS AND SUMMARY

A. Recommendations

HLA has conducted an investigation to determine the presence and
migration of jet fuel in the subsurface at NAS Norfolk. As a result
of the findings of this investigation, three recommendations for

immediate action are proposed:

1. Isolation and elimination of the source(s) of JP-5 fuel
contamination 1in the subsurface including fuel pipeline
testing, repair/replacement of damaged pipeline sections,

and installation of subsurface leak detection equipment.

2. Interim (initial) recovery of phase separated hydrocarbon
from the subsurface utilizing existing and additional

proposed wells.

3. Installation of additional borings/monitoring wells, beyond
the area of investigation of this study, to further
delineate the extent and nature of subsurface hydrocarbon

contamination.

1. Isolation and Elimination of Sources. A fuel Tleak{s)

appears to be the source of the jet fuel (phase separated and

dissolved hydrocarbon) in the subsurface. Immediate isolation and
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repair/replacement of the facility equipment is imperative. HLA
recommends line integrity testing for the two sets of fuel pipelines
from the tank farm to the jet engine test cells, and the two sets of
fuel pipelines from Willoughby Bay to the tank farm. During the
course of integrity testing, it may become evident that the most cost
effective approach would be to abandon the existing delivery system
and install new piping rather than try to isolate and repair the
numerous leaks suspected in the existing piping. The results of the
line integrity testing will provide information to aid in the

assessment of repair/replacement.
In the event major repair/replacement efforts must be
undertaken, the installation of subsurface leak detection equipment is

strongly recommended in conjunction with the pipeline construction.

2. Additional Borings/Monitoring Wells. The results of the

Phase I and II investigation indicate that the subsurface hydrocarbon
contamination extends to the east of the present area of investi-
gation. HLA recommends up to an additional 20 borings/ monitoring
wells be located as shown on Plate 14. These additional borings/wells
will provide delineation of the eastern extent of the hydrocarbon and
provide data necessary to develop the final site remediation system.
The borings/monitoring wells will be installed in phases, as indicated
on Plate 14, with each subsequent group dependent upon the previous

drilling results.
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3. Hydrocarbon Recovery. With due consideration to the factors

existing at NAS Norfolk as characterized in this report, the
recommended approach for remediation of the Norfolk facility is
generally to remove subsurface hydrocarbon from the groundwater
surface via a system of recovery wells, separate the hydrocarbon from
entrained contaminated groundwater by oil/water separators, dispose of
the hydrocarbon via recycling or off-site disposal, dispose of the
groundwater in accordance with regulatory requirements and allow

natural biodegradation of residual hydrocarbon in the subsurface.

Conceptual design, equipment and estimated capital costs for the
recommended interim recovery system were reviewed and discussed along
with available manufacturer's literature (refer to Appendix H). Table
7 below summarizes the estimated capital and annual operating costs.
This estimate does not include any costs for engineering design,
preparation of plans and specifications, construction management and

Tong term monitoring of the recovery effort.

We recommend design, installation, start-up and Tlong-term
monitoring of two recovery modules for interim recovery of subsurface
hydrocarbons. The location and approximate radius of influence of
these modules are shown on Plate 15. The highly variable shallow
subsurface conditions observed during our field investigations (i.e.,
building foundations, subsurface facilities, utility corridors, etc.)

can have a significant impact on the effectiveness of any single,
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Table 7
ESTIMATED HYDROCARBON RECOVERY COSTS

Capital and Operating Costs: Per Module

Annual
Capital Operating
Cost Cost
Basic Module $73,500 $3,700

Capital and Operating Costs of Total Recovery System*

Cumulative
Cumulative  Annual Annual
Capital Capital Operating Operating
Cost Cost Costs Costs
Basic Module $661,500 $661,500 $ 33,300 $ 33,300

* Nine Recovery Modules

shallow recovery system. Since proposed Module 1 does not require any
additional wells to be installed, we recommend that it be constructed
first and considered a pilot system for recovery of shallow subsurface
hydrocarbons. The performance of Module 1 should be monitoringed, and
the results of this monitoring used to suggest possible modification to
proposed Module 2. Descriptions of the rationale and characteristics
of the hydrocarbon recovery system are included in Appendix H. The

proposed monitoring well network shown on Plate 14 for additional
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investigation is designed to provide subsurface information as well as
serve as the basis for additional recovery system modules as described

in Appendix H.

B.  Summary

HLA has performed a characterization study of the presence of jet
fuel in the subsurface at NAS Norfolk, Virginia. The field investi-
gation included locating and drilling 23 borings, installing monitor-
ing wells in each boring, taking groundwater level and hydrocarbon
thickness measurements, collecting and analyzing soil and groundwater
samples for hydrocarbon contamination, and conducting aquifer testing.
Data and information have been reduced, analyzed and presented in this
report. As a result of this characterization, three specific

recommendations are presented:

1. Isolate and stop the source of fuel into the subsurface

2. Drill additional borings and install monitoring wells to the

east of the present area of investigation to complete the

delineation of size, volume and movement of the fuel plume.

3. Initiate interim recovery efforts to pump fuel out of the

subsurface.
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It is of the utmost importance that the leakage of fuel into the
subsurface be corrected prior to implementation of recovery and
treatment methodologies. A1l future efforts at remediation and further
study are essentially dependent upon successful accomplishment of this

initial step.
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Monitoring Hydr‘ocarbun1 in
Well Fluid Samples
No. (ug/!)
M- 1 <252
MW-2 <25
Mu-3 120
Mw-4 550
Mi-5 Pure 3
Mi-6 Pure
MW-7 26,000
MW-8 250
MW-9 Pure
MW-10 Pure
MW-11 Pure
Mw-12 Pure
MW-13 <25
MW-14 <25
MW-15 39
MW-16 <25
MW-17 Pure
MW-18 1,400
MW-20 48
MW-21 Pure
MW-22 Pure
MW-23 Pure
MW-24 130

NOTES:

1. The hydrocarbon present is a
blend similar to JP-5.

2. Below detection limit.

3. Sample essentially pure hydrco-
carbon blend.
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WELL LOCATION AND NUMBER
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BELOW DETECTION LIMITS (<25 ug/})

=
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Hydrocarbon]in
Monitor Sample Soil Sample
Well No. Designation (mg/kq)
Mi-1 .2 S
M2 .2 -
-3 AN © wodd
Mu-4 AN BOL
Mi-5 - AN "L
M-8 -6 2.5 - 3.5 5,320
Md-7 Mi-7 8.0 - 8.5 14,600
M-8 MW-8 6.5 - 7.5 34
Md-9 Mi-9 6.0 - 7.3 551
MW-10 Mu-10 6.0 - 7.5 6,560
Mi-11 MW-11 6.0 - 7.5 95,100
MW-12 Md-12 6.0 - 7.5 ‘46,000
MN-13 All BOL
MW-14 All BOL
Mi-15 All BOL
MW-16 All 80L
Mi-17 Mi-17 7.0 -~ 8.0 2,390
MW-18 All BOL
MW-20 All BOL
M-21 MW-21 7.0 - 7.5 32
MW-22 Al 80L
B-23 B-23 2.5 - 4.0 $,250
MW-23 MW-23 4.5 - 5,5 83,300
MN-24 AN oB0L
NOTES:

1. The hydrocarbon present is a blend similiar
to JP-5.

2. Resuylts from monitor wells MW-1 and HW-2
are not available. .

3. Below detection limit.

4. Zones are based on the MAXIMUM hydrocarbon

measurement within a given boring.
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B-23 . .
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HYDROCARBON IN SOIL SAMPLE
(DETECTION LIMIT-1,000mg/kg)

D HYDROCARBON IN SOIL SAMPLE BELOW
DETECTION LIMIT
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A-1

HNu Survey

A survey was conducted to determine the presence and relative
concentration of JP-5 vapor in the site area using a portable photo-
ionization detector (HNu Model PI 101) and a 10.2 ev lamp probe. The
equipment was calibrated to measure benzene, a major constituent of
petroleum products which include JP-5. Relative concentrations of
benzene should correlate with relative concentrations of JP-5 vapor,
and thus be a general indicator as to the presence or absence of the

JP-5.
The HNu survey was conducted as follows:

° Survey manholes or open drains which previously exhibited
product vapors;

° Survey surrounding manholes or open drains, if product
concentration is detectable on the meter;

° Survey manholes or open drains along Boush Creek Culvert,
and;

() Survey surrounding manholes or open drains if product
concentration is detectable on the meter.
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A-2

Geophysical Survey

Ground Penetrating Radar (GPR) was used to determine the possible
presence of underground obstructions. In addition to the GPR, an
Electromagnetic Terrain Conductivity Meter (EM) was used to locate and
follow the two sets of active JP-5 lines from the fuel farm to the jet

engine test cells and beyond toward Willoughby Bay.

The GPR equipment used specifically on this project was the
Geophysical Survey Systems Inc. (GSSI) Model SIR-8. The GPR system
uses radar technology to obtain continuous high-resolution electro-
magnetfc profiles of the subsurface. The depth of penetration is a
function of the electrical properties of subsurface materials and the
frequency of the radar antenna. When the subsurface signal encounters
a boundary between media with the different electrical properties,
such as soil and a buried pipe, some of the wave energy is reflected
back to the surface, picked up by the antenna, amplified and printed
on a graphic recorder. A traverse along a radar line results in a

continuous graphic record of the subsurface.

The ability of the instrument to differentiate surfaces or
materials at depth is dependent on the frequency of the pulse. Low
frequency pulses generate a greater penetration downward but with

lower resolution, whereas high frequency pulses affords much less
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penetration but with higher resolution. Three GPR antennae, having
different frequencies, were utilized at NAS Norfolk: a 300 megaHertz
(mHz) for deeper penetration, a 500 mHz for better resolution, and a
high resolution 900 mHz to determine rebar spacing in areas of

concrete pavement.

Geophysical field operations for the subsurface investigation at
prospective boring/well locations were conducted as follows:

(Plate A-2-1).

° Determine approximate boring/well location based on HNu
survey, drilling plan, rig access and hydraulic data.

¢ Run either an east-west or north-south line approximately 30
to 40 feet 1long through the area of interest with the
500 mHz antenna (Plate A-2-2).

0 Analyze the GPR record for evidence of pipes, utility
trenches, or anomalous conditions.

0 Select a location free of apparent obstructions (if there is
no clear area, move location and start again).

° Run a Tline perpendicular to the original line, with the
designated location as a center point, approximately 10 feet
long using the 500 mHz antenna (Plate A-2-3).

° Analyze the GPR record again for evidence of pipes, utility
trenches or anomalous conditions.

) Confirm location if free of subsurface obstructions. If
obstructions are present move to another clear location on
the original line and repeat the perpendicular line. If no
clear position can be found, move to a nearby Tocation and
start again.

] Run a GPR Tline, along the same track as the first line,
using the 300 mHz antenna (Plate A-2-4).
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(] Analyze the GPR record for location.

° If prospective boring/well location is on concrete rein-
forced with rebar, run one or more GPR lines using the 900
mHz antenna to position the final location between the rebar
(P1ate A-2-5).

° Stake, label and flag final boring/well location.

() Sweep location with hand-held metal detector.

A Geonics Model EM-310 electromagnetic (EM) Terrain Conductivity
Meter was used to verify the locations of the JP-5 pipes identified by
the GPR, as well as trace the pipe locations in areas where the GPR
had been inconclusive in identifying the JP-5 pipes. The EM technique
involves setting up an electromagnetic field with a transmitter coil.
Through inductive coupling, the magnetic field causes very small
currents to flow in the earth and they, in turn, induce their own,
small secondary magnetic field. Both primary and secondary fields are
sensed by the unit's receiver coil. Gradual changes in these fields
can be due to changes in the conductive nature of the soil, while
abrupt changes occur due to passing over metallic objects such as
pipes or utilities. The survey technique employed with the GPR was

also followed during the EM Survey.
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A-3

Soil Borings

The Phase I and II borings were drilled by Froehling & Robinson,
Inc. (F&R) under subcontract to HLA. F& wutilized an all-terrain
vehicle with a CME 55 drilling rig. Borings were advanced with a
10-inch diameter hollow stem auger. In some instances during the
course of drilling, flowing sands were encountered and wet rotary
drilling with mud was required to wash out the borehole and prevent
caving. Soil samples were obtained with a split-spoon sampler driven
by a 140-pound hammer. All samples were logged on-site by an HLA
geologist/engineer. Boring logs are presented in Appendix C. Those
samples chosen for analytical Tlaboratory analysis were sealed in clean
glass jars with teflon-Tined lids. Each jar was labeled with date,
boring number and depth of sample, and stored in chilled containers
for shipment to the Taboratory (IEA, Inc.) Drill cuttings from each

well were placed in drums on-site for disposal by the Navy.

In accordance with the site safety plan, the HNu meter was used
during drilling operations to monitoring the relative concentration of
hydrocarbon vapors in the immediate vicinity of drilling and sampling
operations. In addition, a combustible gas indicator/explosimeter
(MSA Model 100) was used to monitoring the level of potentially

explosive vapors at the open borehole.
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Refer to Table 2 and Appendix C for complete data on the

23 borings.
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A-4

Monitoring Well Installation

Based on site conditions, it was determined that the monitoring
wells should be screened from 2 to 20 feet below ground surface to
assure proper coverage of the water-bearing strata. The monitoring
wells were constructed by placing a 20-foot section of 4-inch I.D.
Schedule 40 PVC pipe with 0.02-inch stots into the borehole. Approxi-
mately 2 feet of blank PVC riser pipe were attached to the top of the
screened interval. The annular space was then backfilled with No. 2
clean filter sand to just above the top of the screen section. A
one-foot-thick bentonite seal was placed on top of the filter sand and
the remainder of the annulus was grouted with cement/sand grout and
capped to preclude any surface water from entering the well. All of
the wells (with the exception of MW-3) were protected with 12-inch
Christy Boxes cemented in-place, at-grade over the riser pipe.
Monitoring well MW-3 was completed above-grade with a 10-inch diameter
protective steel pipe and Tocking cap cemented in place. Prior to any
sampling or testing, each well was developed by hand bailing and/or

pumping to assure response of the well to local groundwater conditions.

Following well development, one fluid sample was collected from
each of the monitoring wells for chemical analysis to determine the
presence and amount of hydrocarbon. After each sample was collected,

the sampling bailer was washed in detergent and water, and then rinsed
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with distilled water. The contaminated section of rope used to lower
the bailer into the well was cut off and the remainder was retied to
the bailer. The fluid samples were sealed in clean glass jars with
teflon-lined 1ids, and labeled. These samples were stored and shipped
in chilled containers for analysis to HLA's subcontract analytical

laboratory (IEA, Inc.).

IEA utilized a gas chromatography/fingerprint analysis for petroleum
hydrocarbons to quantify the total petroleum hydrocarbons present in
each sample. The fingerprint was made from a “raw" JP-5 sample. This
method generates a chromatogram which is used to determine, in general
terms, the amount of hydrocarbon contaminants present and if the

sample resembles the “"raw" JP-5 samples.
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A-5

Aquifer Tests

Following development of the monitoring wells, two types of

aquifer tests were performed: slug tests and pump tests.

Slug Tests

To obtain rapid water level readings, a pressure transducer was
set in the test well attached at the surface to a data Togger which
stored the water level readings. The data logger used on this project

was the HERMIT environmental data logger Model SE 1000B, In-Situ Inc.

The slug tests were conducted as follows:

) Measure initial water and hydrocarbon levels.

° Set transducer in well below water level.

° Pour 5 gallons of water down well.

) Record the corresponding water/hydrocarbon levels with
respect to time until the water level recovers to 80 percent
of its initial Tevel.

The slug test data were analyzed in accordance with methods
presented in "A Slug Test for Determining Hydraulic Conductivity of
Unconfined Aquifers with Completely or Partially Penetrating Wells"
(Bouwer and Rice, 1976).
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The results of the slug tests are included in Appendix G,

including all field data and computations.

Pump Tests

For the pump test, a hydrocarbon-resistant, explosion-proof
submersible pump was operated to maintain a constant discharge rate.
To obtain accurate and rapid water level readings, pressure trans-
ducers were set up in the pumped well and in the closest observation
well. The transducers were attached to the data logger, which stored

the water Tevel readings for each well.

The pumping test procedure was as follows:

° Perform step-drawdown test to establish the optimal pumping
test rate. Step-drawdown tests are performed by varying the
discharge rates from the pumping well and observing the
associated drawdown. The desired discharge may then be
selected.

0 Begin pump test at established pumping rate as determined in
the step-drawdown test, and measure water levels in
observation wells.

° Stop pump when drawdown data is sufficient in observation
wells or water level approaches the pump intake in the
pumping well. Begin recording recovery water Tlevel
measurements in pumping and observation wells.

° Stop water Tlevel measurements when wells are nearly
recovered.

Pump tests were initiated in monitoring wells MW-10, MW-17 and



Harding Lawson Associates

MW-23. Before the tests were begun, each well was pumped at an
approximate rate of 2 gallons per minute (gpm) until the discharged
water was clean and free of fine sediments. An optimal pumping rate
could not be established at MW-23; therefore, the pump test was
relocated to well MW-17. Based on field observations during well
development, a pumping rate of 2.0 gpm was chosen in MW-10 which would
create an initial drawdown in the well. Various pumping rates were run
in MW-17, and depth to water versus time was recorded. A final pumping

rate of 2.2 gpm was established for the pump test in MW-17.

Pump tests were conducted after the water levels had recovered
from development and the step-drawdown test. Water levels were
recordéd on a logarithmic schedule. During pumping, measurements were
taken rapidly at the beginning of the pumpage phase and gradually
decreased as testing progressed. Pumping was terminated in MW-10 after
the water levels had stabilized. Pumping was terminated in MW-17 as
the water level was approaching the pump intake. After the pumps were
turned off, recovery data were taken in the observation and pumped
wells and recorded on a logarithmic schedule similar to that during
pumping. The initial water levels during pumpiﬁg and recovery are most

critical to proper aquifer test data analysis.

The recovery data from MW-17 were reduced and analyzed using the
Jacob Modified Theis equation. Calculations are presented on the

graphs (refer to Plates 8 through 11). The transmissivity (T) was



Harding Lawson Assoclates

estimated using the recovery data. A representative hydraulic
conductivity (K) was calculated from the value for transmissivity.
Although the Theis equation was developed for non-leaky, confined
aquifer conditions, in this case it can be applied to unconfined
aquifer conditions such as those observed at NAS Norfolk. With long
periods of pumping, the effects of gravity drainage under unconfined
conditions became small, therefore the Theis equation provides a
reliable approximation of drawdown 1in a well under unconfined
conditions. Refer to references 4 and 9 in the Bibliography for
complete theoretical applicability of the equations and data

utilization in this analysis.
Two types of graphical analysis were used:

1. Residual drawdown plotted against the ratio t/t';
transmissivity is calculated from the pumping rate and the
slope of the graph, using the equation:

T=264Q, and K = T
st D
Where: Q = Pumping rate, in gpm
s' = Slope of the graph, expressed as the
change 1in residual drawdown between any
two times on the log scale whose ratio is
10 (one log cycle)
t = Time since pumping began

t' = Time since pumping stopped

b = Aquifer thickness
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2. Calculated recovery plotted against time after pumping
stopped; transmissivity is calculated from the pumping rate and

the slope of the graph, using the equation:

T=264Q,andK =T

3 b
Where: Q = Pumping rate in gpm
s = Slope of the graph expressed as the change

in the difference between projected draw-
down and residual drawdown, and any two
times on the log scale whose ratio is 10
(one log cycle)

b = Aquifer thickness

Based on the November 7, 1986 water level measurements, the
hydraﬁ]ic gradient of the groundwater surface is estimated to be .0011
feet/foot. Using data from the recovery test in monitoring well MW-17
the average hydraulic conductivity is estimated to be 90.5 gpd/ft2

(1.4 x 1074

ft/sec). Using data from the slug tests, the average
hydraulic conductivity is estimated to be 111 gpd/ft2 (1.7 x 1074
ft/sec). The effective porosity was estimated to be 35 percent.

Using these figures, particle velocity was estimated as follows:

Recovery Test Data

Estimated = (Hydraulic Conductivity) (Hydraulic Gradient)
Velocity ‘Effective Porosity

-4
Estimated = (1.4 x 10  ft/sec) (.0011 ft/ft)

Velocity .35
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Estimated = 4.4 x 10-7 ft/sec
Velocity

Estimated = 14 ft/yr

Velocity

Slug Test Data

Estimated = (Hydraulic Conductivity) (Hydraulic Gradient)
Velocity Effective Porosity
-4
Estimated = (1.7 x 10 ft/sec) (.0011 ft/ft)
Velocity .35
Estimated = 5.0 x 10-7 ft/sec
Velocity
Estimated = 16 ft/yr
Velocity

The particle velocity estimated above is for groundwater flow in
the shallow aquifer at NAS Norfolk. The velocity of flow for phase
separated hydrocarbon in the shallow aquifer at NAS Norfolk is
probably of the same order of magnitude. The velocity of hydrocarbon
flow can be significantly different (increased/decreased) from the
velocity of groundwater flow in certain subsurface materials. Hydro-
carbon flow is significantly affected by the chemical and physical

characteristics of the subsurface materials.
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HEALTH AND SAFETY PLAN
CERTIFICATION

I certify that I have read this
site-specific Job Health and Safety Plan (JHASP) and applicable
sections of the HLA Generic Health and Safety Plan (GHASP) and am
familiar with the provisions therein.

(name) (signature)
Site Safety OFficer Cocamnnn Commnesgar FC s Commmrr
Project Manager - 7 /L7
Other Site Personnel
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JOB SAFETY PLAN

Part 1 - Site Information

1.

9.
10.

11.

12.

13.
14.

15.
16.

Site: _nAS Norfolk 2. Job No.: 02176,078.12
Location: Norfolk Naval Air Station Norfolk, Virginia

Plan Prepared By: _ Richard C. Cunningham Date: 5/21/86
Plan Approved By: ' Date:

Plan Revised: - 7. Approved:

Facility Description: Active Naval Air Station

Status (active, inactive, unknown): Active

Unusual Features (dike integrity, powerlines, etc.}: Pipe Leak, unknown pipe

Location

History (injuries, exposures, complaints): Seepage into Boush Creek Culvert

Surroundings (location with respect to residences, businesses, natural features):

75% Pavement, Buildings, Tank Farm, Taxiways

Site Sketch (attach sketch showing salient features)
Climate: Mid-Atlantic Coastal

a) average wind speed and direction: 5 KTS from East

b) Estimated July October January April
mean high temperature 87 =2 50 70
mean low temparature 65 55 35 50

Hazardous Material Type: _ Liquid __Solid __Sludge __Gas/Vapor Other

——————e

Hazardous Material Characteristics: __Corrosive __Ignitable Toxic Volatile

Reactive Radioactive _Carcinogenic __Other




17. Chemical Information Summary

Material Name JP-4 Jp-5

Chemical Constituent

Information Reference/Page

Likely Encounter

Source (1) S/GW S/GW

Physical State (2) L/v L/v

Concentrations

Measured or Estimated E
Media Soil
Maximum Value Free Prod.

Minimum Value

Pure Chemical Characteristics (See Attached Hazardline)

Water Solubility

Vapor Density

Flash Point

Vapor Pressure

LEL

UEL

Hazard Specifics of Pure Chemical

STEL

TLV
LD50/LC50
IDLH Level

Odor Threshold

Hazard Property (3)

Exposure Route (4)

Toxic Effects (5)

Respirator Level

(1) Tank, drum, soil, groundwater, surface impoundment, etc.

(2) Liquid, solid, gas, vapor, dust, fume, mist, sludge

(3) Corrosive, ignitable, toxic, volatile, reactive, radioactive, carcinogenic,
infections, etc., Fill in all that apply.

(4) Inhalation, skin absorption, ingestion, skin and eye contact

(5) Exposure symptoms and effects



Task Description:

prilling Boreholes and Installing Monitaor Wells .

18. ANALYSIS OF KNOWN OR SUSPECTED

UNMITIGATED HAZARDS

19. RISK ANALYSIS

Task Name:

Borehole Drilling

20. MITIGATION MEASURES

REQUIRED PERSONAL

Hazard Type How Does Hazard Exist? Expos | Prob [Cons PROTECTIVE EQUIPMENT
Drilling Cont [Unk {Min
Mechanical to Dhserve safe drilling LEVEL _A _B _CxD
Fatal standards
Underground Lines ocC Unk M%n ReseaIClli rocation of all Head: Eye/Face:
Electrical F 2 underground/overhead Hard Hat Glasses
ata 7 ? ;
% Available
Underground Lipes OCC | Unk M%g Hand: Body:
i B eaphysical survey Lo
Chemical Fataa Totate’antetaround 1ines Neoprene Coated Tyvek
at_each drilling location vailable
Stress Cont nk 1M1In Lung: Ear:
Temperature
. Fodtiel Toe Rubber
Acoustical '
Available

Radioactive

Special Equipment Required:

Combustible Gas

Indicator

02 Deficiency

No, 10 Fire Extinguisher

Biohazard

Frequency of exposure to the hazard event
cont - many times per day
freq - once or twice per day
occ - once a week or month
seld - once a month or year

Expos:

Prob: Liklihood that an injury will occur upon exposure
cert - certain
like - 50/50 chance
unu - unusual
imp - improbable
Conseq: Degree of injury if one occurs

fatal - fatality

ser - serious, requires hospitalization
mod - moderate, requires out-patient care
min - requires on-site first aid

chron - chronic, no acute affects

Special Procedures Required:

__Monitor Borehole with combustible Gas Indicator

provide a No. 10 Fire Extinguisher

Pravide dry i1ce to be placed

in Borehole sniiould

CR] reading exceed 25% LEL

Avoid high RPM Drilling at all times

No _SmoXKlng

2dvise against contact lenses




21.

22.

Required Personal Protective Equipment

Task: Drilling Boreholes and Installing Monitor Wells

SCBA (open circuit, pressure demand):

Level: A B C xD
Head Eye/Face (1f Necessary)
/ Hardhat / Safety Classes ___ Face Shield
____ Goggles
Hand (If Necessary)
/ Neoprene ___Nitrile PVC
Viton ___Underglove Other:
"Bod
Full Encapsulating Suit:
Two Piece Rainsuit, Material =
One Piece Splash Suite, Material =
Tyvek Suit Tyvek/Saranax Suit Tyvek/Polyethyl Sui
- 'Y I —Y 'é_‘(}% Necessgry)y ene Suit
Cloth Coveralls ____ Other:
Lung

Full Face Respirator, cartridge =

Half Mask Respirator, cartridge =

Other:

—

Ear

Earplug, type

|1

Earmuff, type

Foot
/ Boots, type = Steel Toe

Rubber if necessary

Disposable Overboots, type =

Special Equipment, Facilities, or Procedures:

Combustible Gas Indicator

No. 10 Fire Extinguisher

Dry Ice

Safety Glasses, polyethylene coated Tyvek, Neophene Gloves

and

Rubber Boots will be available should conditions

warrant




23.

24,

25.

26.

27.

28.

29.

Decontamination Procedures: Steam Clean Drilling and Sampling Equipment

after each boring in which Jet Fuel 1Is found

Investigation-Derived Material Disposal:

Cuttings remain on site, if contaminated,

handle as hazardous waste, Contaminated cuttings should be drummed OT

in other containers as soon as possible.

Site Resources

Water Supply: Local Buildings

Telephone: Local Buildings

Radio:

Other: Date of Date of
Safety Physical

Team Member Responsibility Training Exam

Jim Tremblay Project Consultant 5/85 2/85

Hank Peters. Project Manager 3/86 /86

Steve Neely Engineering 10/85 8/86

Richard Cunningham _ _Geophysics ' 10/85 >/8%

David Gibbs Geophysics 12/83 8785

Barry Harrison prilling Supervisor 7/86 6,/86

C. zenko Hydrogeology 3/86 3786

Emergency Telephone Numbers
Phone/Radio Location:
Ambulance:

Hospital Emergency Room:
Poison Control Center:
Police:

Fire Department:
Airport:

Explosives Unit:

EPA Contact:

State Contact:

Client:

Emergency Equipment Location
a. Safety Shower/Eyewash
b. First Aid Kit

c. Fire Extinguishers

d. Other

Al]l emergency facilities are on
the base. Will coordinate with

base personnel.
444-2676
444-1532
Portsmouth Naval Hospital 398-5898

444-3333
444-2361

422~7191

paul Parker (804) 445-2932

at rig

Emergency Routes (give road or other directions; attach map)

Hospital

Other
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CHEMICAL.
JET

NAME
FLIEL. JR--8

FORMUL.S
MIXTURE

SYNONYMS
KEROSGENE , HEAUY
JP-5 O JET FLEL
UN 1863
OHS 12320

PERMIGHIEBLE EXPOGSURE
NONE ESTAEBL TSHED
AQUATIE TOXICITY RATING 1L
NC)Y DAaTa LOTATED d (L) RATIMNG WG
TOXIC THAN GASOLEINE (22) , AND MORE

CERCLA HAZARD RATINGYG TOXLTODTY W -
PERSTSTENCE 1
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LEAUVE CLOTHING & EQUIPMENT FOR DECONTAMINATION & DISPOSAL.
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NO  STANDARD REQUIREMENT ,  230UT ADULIGE REMOUING
PROMBPTILLY IF LT IS NON-IMOERUTOUS AND CONTEMIINSTED

SPECIFTIC EMERGENCTY PROUVISTONS
NO NIOSHZO0SHHS DAaTa, ADUVETSGE :

SHIFET

EYE-WASH FOUNTAIN WITHEIN ITMMEDIATI WORK QRES WHERE EMELOYERS " EYES
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APPENDIX C
BORING LOGS

Harding Lawson Associates



Harding Lawson Associates

TABLE C-1
BORING/WELL NUMBERING

HLA Report
Boring/Well No. USN Number
MW-1 NFK-LP-44-MW-1
MW-2 NFK-LP-44-MW-2
MW-3 NFK-LP-44-MW-3
MW-4 NFK-LP-44-MW-4
MW-5 NFK-LP-44-MW-5
MW-6 NFK-LP-44-MW-6
MW-7 NFK-LP-44-MW-7
MW-8 NFK-LP-44-MW-8
MK-9 NFK-LP-44-MW-9
MW-10 NFK-LP-44-MW-10
MW-11 NFK-LP-44-MK-11
MW-12 NFK-LP-44-MK-12
MW-13 NFK-LP-44-MW-13
MW-14 NFK-LP-44-MW-14
MW-15 NFK-LP-44-MW-15
MW-16 NFK-LP-44-MW-16
MW-17 NFK-LP-44-MW-17
MW-18 NFK-LP-44-MW-18
MW-19 NFK-LP-44-MW-19
MW-20 NFK-LP-44-MW-20
MW-21 NFK-LP-44-MW-21
MW-22 NFK-LP-44-MW-22
MW-23 NFK-LP-44-MW-23

MW-24 NFK-LP-44-MW-24



MAJOR DIVISIONS

TYPICAL NAMES

COARSE - GRAINED SOILS
MORE THAN HALF IS LARGER THAN NO.200 SIEVE

CLEAN GRAVELS WITH

WELL-GRADED GRAVELS, GRAVEL-SAND
MIXTURES

' LITTLE OR NO FINES
GRAVELS POORLY GRADED GRAVELS, GRAVEL-SAND
MIXTURES
MORE THAN HALF
OgARSREG E;A%TRN _ , GM sums GSRG_VEL% pgg:u GRADED GRAVEL-
IS LA : : SAND-SILT MIXTU
No. 4 SIEVE SIZE GRAVELS WITH OVER
12% FINES .
GC CLAYEY GRAVELS, POORLY GRADED GRAVEL -
SAND-CLAY MIXTURES
o & o
SW [,*,°.[ WELI-GRADED SANDS, GRAVELLY SANDS
CLEAN SAN%S ;Nl’gg .’ :
UITTLE OR NO FIN
SANDS SP [*,®,°| POORLY GRADED SANDS, GRAVELLY SANDS
o © @
MORE THAN HALF kT Te

COARSE FRACTION
IS SMALLER THAN ’
NQ. 4 SIEVE SIZE SANDS WITH OVER

12% FINES

- SILTY SANDS, POORLY GRADED

SAND-SILT MIXTURES

CLAYEY SANDS, POORLY GRADED
SAND-CLAY MIXTURES

FINE - GRAINED SOILS
MORE THAN HALF IS SMALLER
THAN NO. 200 SIEVE

SILTS AND CLAYS
LIQUID LIMIT 50% OR LESS

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS,
OR CLAYEY SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY CLAYS,
SILTY CLAYS, LEAN CLAYS

ORGANIC CLAYS AND ORGANIC SILTY CLAYS
OF LOW PLASTICITY

SILTS AND CLAYS
LIQUID LIMIT GREATER THAN 50%

MH

INORGANIC SILTS, MICACEQUS OR
DIATOMACEQUS FINE SANDY OR SILTY
SOILS, ELASTIC SILTS

CH

INORGANIC CLAYS OF HIGH PLASTICITY, FAT
CLAYS

OH

ORGANIC CLAYS OF MEDIUM TO HIGH
PLASTICITY, ORGANIC SILTS

HIGHLY ORGANIC SOILS

Pt

PEAT AND OTHER HIGHLY ORGANIC SOILS

Bentonite Seal

’ Gi‘o_ut
Filter Sand
>°l Pea Gravel

o _ .

Concrete/Bentonite Grout

KEY TO WELL CONSTRUCTIONS

Well Screen

Solid Casing

KEY TO WELL CONSTRUCTION

Harding Lawson Associates

Engineers. Geologists
& Geopnysicists

SOIL CLASSIFICATION CHART AND
KEY TO WELL CONSTRUCTION
NAS Norfolk -

Norfolk, Virginia

PLATE

JOB NUMBER

2176,085.12

APP

VE
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Lloefb

DATE




MONITORING WELL
DETAIL

ooooo
.....
-----
-----

-----
.....
ooooo
-----

e 10" Dia Borehole

—4" Dia. PVC wellscreen

30~
*Note: Elevation is referenced to 35‘J
Mean Sea Level (MSL) and is taken
on top of PVC well casing.
40-

© Depth (ft)

254

Hollow-Stem Auger

12.81* _ Date 9/4/86 to
9/5/86

Equipment

Elevation

| 2-inches Brown Topsoil
27-BROWN TO TAN WELL-GRADED SAND WITH '
“*-?SILT (SW-SM)
medium dense, moist, fine- to
medium-grained
TAN WELL-GRADED SAND (SW)
loose, moist, medium-grained,
with occasional shell fragments
medium- to coarse-grained below
3.5 feet
hydrocarbon streaming from sample
at 5.5 to 6.0 feet

LIGHT BROWN & TAN WELL-GRADED SAND
WITH CLAY (SW-SC)
loose, wet, medium- to coarse-
grained

LIGHT BROWN & TAN WELL-GRADED SAND
:] WITH SILT (SW-SM)

loose, wet, medium- to coarse-
_ grained

ORANGE CLAY WITH SAND (CL)
soft

gray clay below 25.0 feet
End of Boring - 26.5 feet

E Harding Lawson Associates
==;== Engineers, Geologists

! af ,;= & Geophysicists

NAS N
Norfo

PLATE

LOG OF BORING/MONITORING WELL MW-1

orfolk
1k, Virginia

C-2

JOB NUMBER

2176,085.12

DRAWN

£

7

REVISED DATE

Pl




Hollow-Stem Auger

Equipment

MONITORING WELL
DETAIL

o Depth (ft)

[+

=Y

£

&  Elevation 11.70*  pate _9/6/86

2-inches Black Topsoil

SAND (SC)

GRAY WELL-GRADED SAND (SW)

carbon remnants in sample

6.5 feet

-]10" Dia. Borehole
wet bg]ow 6.5 feet

—4" Dia. PVC wellscreen

15— TAN WELL-GRADED SAND (SW)

grained

LIGHT BROWN WELL-GRADED CLAYEY
moist, fine- to medium-grained

medium dense, moist, medium-
grained, possible black hydro-

slight hydrocarbon odor 6.0 to

3 TAN WELL-GRADED CLAYEY SAND (SC)
loose, wet, medium-grained, with
bands of black organic material

loose, wet, medium- to coarse-

20
GRAY CLAY (CL)
soft -
End of Boring - 23 feet
25-
30
*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken 35—
on top of PVC well casing.
404 ,
Harding Lawson Associates | .OG OF BORING/MONITORING WELL MW-2 PLATE
[T 5oneers Gooogsts 'NAS Norfolk C_3
% Norfolk, Virginia
REVISED DATE
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Hollow-Stem Auger
Date __39/9/86

MONITORING WELL
DETAIL

2  Equipment
&
wn

Elevation 12.85*

o Depth (ft)

] o] 8-inch Paving (Concrete)
~4,"TAN WELL-GRADED CLAYEY SAND (SC)
slight hydrocarbon odor
RAY TO BLACK WELL-GRADED SAND (SW)
medium dense, moist, coarse-
i 5 grained
iiile~10" Dia. Borehole Toose below 5.5 feet
s slight hydrocarbon odor 5 to 6
HHE feet
10
- 4" Dia. PVC wellscreen
15+ { orange below 15 feet
gray below 18 feet
.waisl GRAY CLAY (CL)
50~ . soft, moist
il End of Boring - 23 feet
25—
304
35-
*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken
on top of PVC well casing.
40-
S=====3 HardingLawson Associates LOG OF BORING/MONITORING WELL MW-3 PLATE
=g=_-T-'§. Engineers, Geologists NAS Norfolk C
== &G_eophysmts Norfolk, Virginia "4
CRAWI JOB NUMBER A VE S DAT REVISED DATE
of- 2176,085.12 / Al




MONITORING WELL < 3 Equipment__ Hollow-Stem Auger
DETAIL & E , *
ST Q &  Elevation 10.00*  pate 9/8/86
O 1Y TAN WELL-GRADED SAND WITH SILT
=X (SW-SM)
53 medium dense, moist, fine- to

%0y medium-grained

%] TAN WELL-GRADED SAND (SW)

--{ loose, wet, medium-grained,
occasional gravel

i< 10" Dia. Borehole

coarse-grained below 7.5 feet
slight hydrocarbon odor
gray to dark gray below 9 feet

4" Dié. PVC wellscreen

i GRAY ORGANIC CLAY (OH)
77 soft, wet, with organic root

771 material
154077
/7
74
77,
I:/
7,
II/
2047
2 : //;
st : 2Z] End of Boring - 22 feet
25—
30
*Note: Elevation is referenced to 35
Mean Sea Level (MSL) and is taken
on top of PVC well casing.
40

PLATE
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*Note:

MONITORING WELL
DETAIL

~<— 10" Dia. Borehole

Elevation is referenced to
Mean Sea Level (MSL) and is taken
on top of PVC well casing.

=+—4" Dia. PVC wellscreen

o Depth (ft)
Sample

Equipment Hollow-Stem Auger

Elevation 10.85* Date __9/8/86

3-inches Gravel Paving

TAN TO DARK GRAY POORLY-GRADED

SILTY SAND WITH GRAVEL (SM)
slight hydrocarbon odor from
cuttings ' '

GRAY TO BLACK WELL-GRADED SAND (SW)
medium dense, moist, medium- to
coarse-grained, with shell frag-
ments, moderate to strong hydro-

X .;-'-—LRAY-GREEN-BLACK SILT (M)

carbon odor

moderate hydrocarbon odor

15+

77 JICGRAY WELL-GRADED SAND (SW)

loose, wet, coarse-grained,
with shell fragments, no odor
below 7.5 feet
ALTERNATING SILTY SAND (SM) &
SILT (ML)
very strong hydrocarbon odor
GRAY WELL-GRADED SAND (SW)
medium dense, wet, coarse-grained
very strong hydrocarbon odor
—GRAY CLAY (CL)
soft, moist

25—

304

35

End of Boring - 23 feet

40

% Engineers, Geologists
iz3 -

Harding Lawson Associates

& Geophysicists
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Equipment Hollow-Stem Augar
Elevation 10.80* _ Date 9/21/86

8-inches Concrete

BROWN SILT (M) Soil

TAN & GRAY SAND WITH SOME CLAY

(SP-SC)
medium- to coarse-grained,
moist, few shell fragments,
black streaks, hydrocarbon odor,
saturated with hydrocarbon at
approximately 4.5 feet
saturated with water at 7 feet

GRAY CLAYEY SAND (SC)
medium- to coarse-grained sand,
loose, wet - ‘ o

MONITORING WELL
DETAIL

Blows/foot

o Depth (ft)
Sample

Skt

S,

R e

3 10+

increased clay content at 13

«— 10" Dia. Borehole feet

154
4" Dia. PVC wellscreen -' GRAY LEAN CLAY (CL)
medium stiff, saturated, some
555; sand, few shell fragments
20+ 2222
STt / End of Boring - 23.5 feet
25+
304
*Note: Elevation is referenced to 354
Mean Sea Level (MSL) and is taken
on top of PVC well casing.
404
= e oo 29™** L OG OF BORING/MONITORING WELL MW-6 "
: & Geophysicists NAS-Norfolk C-7
Norfolk, Virginia

30OB NUMBER APE EQ JATE SEVISED SATE
2176,085.12 Ty D27 4




Equipment____Hollow-Stem Auger
Elevation - Date_9/13/86

o
a
£
g
w

o Depth (ft)

BROWN CLAYEY SAND (SC)
moist, with up to 3-inch pebbles
;_A_ Concrete
“1 End of Boring - 3 feet
5-
Auger refused on concrete slab,
drilled 5-inches into concrete.
101
15+
20
254
301
35-
40

==E Harding Lawson Associates ' PLATE

fTiz.2 Engineers, Geologists LOG OF BORING B-6

E====] &Geophysicists NAS-Norfolk C - 8
Norfolk, Virginia
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Equipment Hollow-Stem Auger

Blows/foot

MONITORING WELL
DETAIL

Elevation 12.70* Date _9/9/86 to
9/11/86

o Depth (ft)
Sample

BROWN CLAYEY SAND (SC)-
loose, moist, with rock and shell

~4

fragments
FEEEEE T :7:| "GRAY WELL-GRADED SAND (SW)
i i 77| loose, moist, fine- to medium-
HH 54 ¥##l| grained, with occasional shell
10 A | fragments, moderate hydrocarbon
1 4| odor
8 ‘building debris at 3 feet
16

1 FGRAY & BROWN CLAYEY SAND (SC)
medium dense, moist, moderate
hydrocarbon odor
LTAN WELL-GRADED SAND (SW)
medium dense, moist, coarse-
grained, strong hydrocarbon odor
loose below 9 feet, saturated
with hydrocarbon at 9.5 feet

seee 6
it 10" Dia. Borehole

LW -TAN WELL-GRADED SAND WITH CLAY

2 (SW-SC)
loose, wet, coarse-grained,
slight hydrocarbon odor

~TAN WELL-GRADED SAND (SW)
medium dense, wet, coarse-grained

—

4" Dia. PVC wellscreen

15

End of Boring - 23 feet

25+

30

*Note: Elevation is referenced to 35—
Mean Sea Level (MSL) and is taken
on top of PVC well casing.

40-

F—————] arding Lawson Assoclates PLATE

——— Rt LOG OF BORING/MONITORING WELL MW-7
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Equipment Hollow-Stem Auger
Elevation ___12.82*  Date _9/12/86

MONITORING WELL
~ DETAIL

I

24 2-inches Sand & Gravel Pavement
TAN POORLY-GRADED CLAYEY SAND (SC)

loose, moist

2 DARK GRAY WELL-GRADED SAND (SW)
] loose, moist, medium- to coarse-

o Blows/foot
o Depth (it)
Sample

o4 grained, with black bands, very
4 strong hydrocarbon odor
5 saturated with hydrocarbon from

> 6.5 to 8.5 feet

+=ATAN CLAYEY SAND (SC)

loose, wet, strong hydrocarbon
odor

«—10" Dia. Borehole b
5 10 1
&5 TAN WELL-SORTED SAND (SW)

loose, wet, coarse-grained,

—4" Dia. PVC we11scréen
strong hydrocarbon odor

6 154

CLAYEY SAND (SC)
soft, wet
20 |
ittties End of Boring - 23 feet
25—
304

*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken 35—
on top of PVC well casing.

40-

PLATE
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Equipment Hollow-Stem Auger
Elevation 12.69* Date _9/13/86

%3] 10-inches Concrete -
o TAN WELL-GRADED SAND (SW)
dense, moist, coarse-grained,

MONITORING WELL
© DETAIL

Blows/foot

o Depth (ft)
Sample

36 with shell fragments
gray to dark gray, abundant shell
» 5 fragments, saturated with hydro-
4 carbon 4.5 to 11 feet
12
6 10

le— 10" Dia. Borehole

15
*1:] GRAY CLAY (CL)
soft, wet

——'4" Dia. PVC wellscreen

%Z;
/

................
-----------------

End of Boring - 23 feet

25—

30

*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken 35—
on top of PVC well casing.

40-

= o ceonees"*"  LOG OF BORING/MONITORING WELL MW-9

PLATE
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i & Geophysicists NAS Norfolk C-1 1
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Equipment Hollow-Stem Auger
Elevation 12.45* pate _9/13/86

FF o] 3-inches Asphalt

MONITORING WELL
DETAIL

2
Q
E
a

[42]

Blows/foot
o Depth (ft)

18 TAN WELL-GRADED SAND WITH GRAVEL
16 (SH) . .
medium dense, moist, medium- to
coarse-grained
5 gravel decreasing below 2 feet,
7 slight hydrocarbon odor
dark gray to black sand saturated
4 with hydrocarbon from 5 to 11 feet
wood and shell fragments at 7 feet
13 10
- B'GRAY WELL-GRADED SAND WITH CLAY
15 (9SO
2 medium dense, wet, moderate
F hydrocarbon odor
—10" Dia. Borehole o
20 - T/AAORANGE WELL-GRADED SAND WITH CLAY
4" Dia. PVC wellscreen (SK-SC) ,
s wet, coarse-grained
2 End of Boring - 23 feet

25—

30

*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken 35—
on top of PVC well casing.

40-
PLATE
e [ s ™ LOG OF BORING/MONITORING WELL MW-10
éi &Geophyémsts NAS Nor‘fO]k C- 1 2
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Equipment Hollow-Stem Auger
Elevation___12.34*  pate_9/12/86

MONITORING WELL
DETAIL

Depth (ft)
Sample

28 4 2-inches Asphalt -
3 GRAY POORLY-SORTED SAND WITH CLAY
11 4 (SP-SC) _
4 medium dense, moist, medium-
3 grained, with shell and concrete
% fragments, slight hydrocarbon
18 5-'j“ 4 odor '
15 72 DARK GRAY WELL-SORTED SAND (SW)
; medium dense, coarse-grained,
i saturated with hydrocarbon
:if«+—10" Dia. Borehole wet below 7 feet
i 101 -
3 loose sand below 10 feet, very
strong hydrocarbon odor
— 4" Dia. PVC wellscreen 5
159 B
7 GRAY CLAY (CL)
% _soft, moist
o5 /422 End of Boring - 25 feet
30
*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken 35-
on top of PVC well casing. . 5
40

Harding Lawson Associates PLATE
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— 10" Dia. Borehole

e )
3 5
MONITORING WELL € = 2 Equipment Hollow-Stem Auger
DETAIL 3 5 E
B 3 Q &  Elevation __11.25*  pate__9/15/86
[-=} o

15 4 .TAN POORLY-GRADED CLAYEY SAND
36 (sSpP-SC)
medium dense, moist, medium- -
5 grained, with abundant sea she]]s,
12 T slight hydrocarbon odor
GRAY TO BLACK WELL-GRADED SAND (SW)
20 dense, moist, coarse-grained,
with sea shells, slight hydro-
carbon odor
10- medium dense below 4.5 feet
2 saturated with hydrocarbon at-

b-inches Paving (1l-inch

sphalt,
5-inches Concrete)

. 6 feet
GRAY WELL-GRADED SAND WITH CLAY
(SW-SC)
loose, wet, coarse- gra1ned
abundant sea shells, slight

157 hydrocarbon odor
GRAY CLAY (CL)
4" Dia. PVC wellscreen ///4 §qf§,7moist
20 ;ﬁ?ﬁ
- ,/5 End of Boring - 25 feet
25—
304
*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken
on top of PVC well casing. 35—
40—

Harding Lawson Associates
Engineers. Geologists

PLATE
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MONITORING WELL
DETAIL

R R e - "

.....

-----
.....
......

on top of PVC well casing.

Hile— 10" Dia. Borehole

bot-:+— 4" Dia. PVC wellscreen

*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken 354

Blows/foot
Depth (ft)
Sample

Equipment Rotary Wash
Elevation 12.57* _ Date__9/20/86

Hollow-Stem Auger/

TEE
14
11 5
10 W
4

IO TS A LRV S EORC AT L) ~
-:_". ":-_:.-:"o Jehs st s _.‘_.. RO 2 WERE > .
.

R sl el
L ae®
RERLAN

15

TV
.
.
o ®,

204

25

304

40

Clay Sand and Concrete Rubble Fill
moist

DARK GRAY SAND & LEAN CLAY (SP-CL)
medium- to coarse-grained, wet

saturated with water at 7.5 fe\et

GRAY SILT & SAND (ML-SP)
coarse-grained, saturated

End of Boring - 25 feet

Product sheen on cuttings.

% Harding Lawson Associates

PLATE

LOG OF BORING/MONITORING WELL MW-13

Fe:= 2 Engineers, Geologists
izt ot g Geophysicists NAS-Norfolk C- 1 5
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Equipment Hollow-Stem Auger
Elevation___12.22*  Date_9/21/86

MONITORING WELL
DETAIL

Blows/foot

o Depth (ft)
Sample

s *+} 8-inches Concrete
' 14-inches Silt, Clay & Sand Fill
3-inches Concrete
BROWN LEAN CLAY WITH SOME SAND (CL)
moist, Tittle gravel, detritus
sand lens at 5 feet ~ ~ Fill
sand lens at 5 feet
4 TAN & GRAY CLAYEY SAND (SC)

saturated with water at 7 feet

15

«10" Dia. Borehole 2] TAN & GRAY SAND (SW)

saturated, ]Qose

clay lens 16 to 17 feet

TAN & GRAY SAND (SW)
saturated, loose

{ GRAY LEAN CLAY (CL)
medium stiff, saturated, few
shell fragments

4" Dia. PVC wellscreen

End of Boring - 23.5 feet

254

301

*Note: Elevation is referenced to 354
Mean Sea Level (MSL) and is taken
on top of PVC well casing.

40
Harding Lawson Associates LOG OF BORING/MONITORING WELL MW-14

Engineers. Geologtsts
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MONITORING WELL
DETAIL

12

18

10" Dia. Borehole

—4" Dia. PVC wellscreen

*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken
on top of PVC well casing.

o Depth (ft)
Sample

Equipment Rotary Wash
Elevation___12.16* Date. 9/20/86 tol

9/21/85

10

151

20+

524 GRAY CLAY (CL) WITH SOME SAND

m R

s

:ﬁ

BROWN SILT (ML) with some
Gravel and Sand
TAN SAND & LEAN CLAY (SP-CL)
medium- to coarse-grained,
moist, soft
gravel at 3.5 feet
TAN SAND (SC)
medium- to coarse-grained, moist

NN\

ORANGE-YELLOW CLAYEY SAND (sC)
medium-grained, soft, wet

medium stiff, saturated

25+

301

351

404

End of Boring - 20.5 feet

Harding Lawson Associates
Engineers, Geologists

PLATE
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MONITORING WELL
DETAIL

Blows/foot

§-<—10" Dia. Borehole

*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken
on top of PVC well casing.

4" Dia. PVC wellscreen

Hollow-Stem Auger/

i gg_ Equipment Rotary Wash
Q
3 &  Elevation___11.87*  Date__9/19/86
0 Clay & Sand Fill
fine- to medium-grained, some
’ gravel
TAN SAND (SP)
41 medium- to coarse-grained, moist
5- DARK GRAY CLAYEY SAND (SC)
medium- to coarse-grained, moist
73 TAN & GRAY SAND (SW)
e medium- to coarse-qrain
clay
saturated with water at 8 feet
104
decreased clay content at 11 feet
154
4 DARK GRAY & BROWN SANDY SILT (M)
st saturated
201
End of Boring - 23.5 feet
25-
301
354
40

Harding Lawson Associates
Engineers. Geologists

LOG OF BORING/MONITORING WELL MW-16

NAS Norfolk

PLATE
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Equipment Hollow-Stem Auger

Elevation 11.92* Date _9/15/86

MONITORING WELL
~ DETAIL

|

o Depth (ft)

2-inches Gravel & Sand Paving
TAN WELL-GRADED SAND WITH CLAY
(SW-SC)

moist, coarse-grained

o slight hydrocarbon odor at § feet
371 GRAY WELL-GRADED SAND (SW)

#w loose, wet, coarse-grained,
abundant shell fragments, strong
hydrocarbon odor

slight hydrocarbon odor at 8 feet

¥§<-10" Dia. Borehole

4" Dja. PVC wellscreen

GRAY CLAY (CL)
soft, moist

20
Bt S End of Boring - 23 feet
25—
30
*Note: Elevation is referenced to 35
Mean Sea Level (MSL) and is taken
on top of PVC well casing.
40—

PLATE
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Equipment Hollow-Stem Auger

Elevation 13.06* Date_9/13/86

MONITORING WELL
DETAIL

Blows/foot

—
N

medium dense, moist, with 2-
medium dense, moist, slight
hydrocarbon odor

(o o)

/4 LTAN WELL-GRADED SAND WITH CLAY
(SW-SC)
lToose, moist, with occasional
cobbles
moderate hydrocarbon odor
TAN WELL-GRADED SAND (SW)
medium dense, moist, coarse-
grained
gray below 9 feet
L GRAY CLAYEY SAND (SC)

:3<-10" Dia Borehole

GRAY CLAY (CL)

4" Dia. PVC wellscreen ///) soft, moist
2 %
HHHRRRRE /522 End of Boring - 24 feet
254
30-
354
*Note: Elevation is referenced to

Mean Sea Level (MSL) and is taken

on top of PVC well casing.
404

PLATE

Harding Lawson Associates LOG OF BORING/MONITORlNG WELL MW-18
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>
o =
g =2  Equipment Hollow-Stem Auger
» Q E
3 a8 &  Elevation - Date_9/17/86
; O_ o "
)4 4-inches Concrete
17 X TAN SAND WITH CLAY (SP-SC)
7] medium- to coarse-grained, moist
i Refusal on concrete at 3 feet
(Backfilled with cuttings,
54 capped with concrete)
104
154
204
254
304
354
404
Harding Lawson Associates PLATE
N Engineers. Geologists LOG OF BORING B_19
i &Geophysicists NAS-Norfolk C_21
Norfolk, Virginia
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Hollow-Stem Auger/
Equipment Rotary Wash

Elevation____12.12* Date_9/16/86

MONITORING WELL
DETAIL

Blows/foot

o Depth (ft)
Sample

;g-_'" 221 10-inches Concrete
- 31 /] TAN SAND WITH CLAY (SP-SC)
4 medium- to coarse-grained,
8 moist, with shell fragments
ORANGE LEAN CLAY WITH SAND (CL-SP)
1 soft, moist
5 SHE] TAN saND (sP)
" coarse-grained, moist
7 5]  wet at 6 feet
< 10" Dia. Borehole - : GREEI: GRAY CLAYEY SAND (SC)
5 104

2] TAN SAND (SW)

154 B Joose, wet

2—4" Dia. PVC wellscreen

201

RS A 25 i End of Boring - 25.5 feet

304

*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken 354
on top of PVC well casing. -

40.
Harding La PLATE
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MONITORING WELL
DETAIL

$«—10" Dia. Borehole

*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken
on top of PVC well casing.

Blows/foot

—4" Dia. PVC wellscreen

o Depth (it)

154

204

Equipment Hollow-Stem Auger
Elevation____12.25* Date__9/17/86

774 TAN WELL-GRADED SAND (SW)

SST

40

‘TAN CLAYEY SAND (SC)

medium dense, moist, coarse-
grained, with trace sea shells
slight hydrocarbon odor below
2.5 feet

medium dense, moist

DARK GRAY & TAN WELL-GRADED SAND
WITH SILT (SW-SM)

medium dense, moist, strong
hydrocarbon odor

BLACK SILTY SAND (SM)

‘Toose, moist, with abundant
organic debris, very strong
hydrocarbon odor

RAY WELL-GRADED SAND (SW)

GRAY CLAY (CL)
soft

End of Boring - 23 feet

Harding Lawson Associates

Engineers, Geologists
& Geophysicists

LOG OF BORING/MONITORING WELL MW-21

NAS Norfolk

Norfolk, Virginia

PLATE

C-23

JOB NUMBER

2176,085.12

=]
2
>
E3
LY Z

rd

REVISED CATE

£z 57




Equipment____Hollow-Stem Auger

Elevation 12.85* Date_9/17/86

MONITORING WELL
DETAIL

Blows/foot
o Depth (ft)
Sample

8-inches Concrete
LDARK BROWN & GRAY CLAYEY SILT (ML)
moist

16 LIGHT TAN & BROWN CLAYEY SAND (SC)
medium stiff, medium- to coarse-
9 54 4| grained, moist
LIGHT TAN & BROWN SAND (SW)
9 medium- to coarse-grained, some
silt, odd chemical odor
strong hydrocarbon odor at 9.5
feet
8 109 saturated with hydrocarbon at
10 feet
saturated with water at approx-
imately 11 feet
: . decreased silt content at 12
3+—10" Dia. Borehole ol b feet
: some clay in cuttings at 16 feet
4" Dia. PVC wellscreen o
HHERHRERE End of Boring - 23.5 feet
25-
30+
*Note: Elevation is referenced to 351
Mean Sea Level (MSL) and is taken
on top of PVC well casing.
404
— PLATE
e L A sod  LOG OF BORING/MONITORING WELL MW-22
ST = gineers. Geologists
2253 2 Geophysicists NAS-Norfolk C-24
Norfolk, Virginia

> A 0B NUMBER APPEOVED TAT REVISED SATE
of 2176,085.12 S Pl




21
30

o Depth (ft)
Sample

Equipment Dry Auger
Elevation - Date_9/15/86

a-p] 10-inches Concrete _
¢ GRAY SAND WITH CLAY (SP-SC)

104

15-

201

254

30-

354

40

medium- to coarse-grained,
moist, with sea shells and
organic debris, strong hydro-
carbon odor

GRAY TO DARK GRAY SAND (SW)
coarse-grained, saturated with
hydrocarbon

End of Boring - 4.5 feet
Pipe at 4.5 feet

Harding Lawson Associates
Engineers. Geologists

=X & Geophysicists

PLATE

LOG OF BORING B-23
NAS-Norfolk

Norfolk, Virginia C'25

JOB NUMBER

2176,085.12

A
4

f/& gifﬂ REVISED DATE




MONITORING WELL
DETAIL

Blows/foot

15
16

< 10" Dia. Borehole

Equipment Hollow-Stem Auger

Elevation___9.67* Date_ 9/19/86

o Depth (ft)
Sample

-inches Asphalt + 26-inches Base

1l( southside) and 8-inches Concrete

northside)

ROWN SILT (ML) Fill

TAN SAND & SILTY SAND (SP-SM)
medium- to coarse-grained,
moist, some silt and clay, few -
pebbles
shell fragments, strong hydro-
carbon odor at 4.5 feet
saturated with hydrocarbon at
6 feet

15+ .
"N DARK GRAY LEAN CLAY (CL) :
4" Dia. PVC wellscreen soft, saturated, few sand grains
20- %
// End of Boring - 23.5 feet
254
30+
*Note: Elevation is referenced to 354
Mean Sea Level (MSL) and is taken
on top of PVC well casing.
40-
PLATE
e T ceooeae 2?™**  LOG OF BORING/MONITORING WELL MW-23
22521 &Geophysicists NAS-Norfolk C-26
E——— Norfolk, Virginia
DRAWN JOB NUMBER APP DAT REVISED DATE
2176,085.12 % &/u{%’f




Hollow-Stem Auger/
Equipment Rotary Wash

Elevation 12.40* Date_9/18/86

MONITORING WELL
DETAIL

o Depth (ft)
Sample

a: -9 8-inches Concrete
Brown Silty Sand Fill
Jj'3-inches Concrete
TAN CLAYEY SAND (SC)
medium- to coarse-grained,
moist, few shell fragments,
some gravel
z gravel at 6 feet
21 TAN SAND (SW)
ity coarse-grained, wet
saturated with water at 8 feet

l«—-10" Dia. Borehole

3-inches clayey sand at 11 feet

4" Dia. PVC wellscreen

shell fragments at 17.5 feet

End of Boring - 23.5 feet

254
301
*Note: Elevation is referenced to
Mean Sea Level (MSL) and is taken
on top of PVC well casing.
354
404
= g Lanson loeciat®t  LOG OF BORING/MONITORING WELL MW-24
izi=2: & Geophysicists NAS-Norfolk C-27
_— NorfO]k, Virgim'a

[w]
ptl
>
b3
P4

.CBNUMBER QA}'E HEVISED ZATE

APPRQVED
2176,085. 12 :Z’/” fe72%)
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APPENDIX D
IEA LABORATORY RESULTS
SOIL SAMPLES



Ie(l Industrial & Environmental Analysts, Inc.
ebetes]  P.O. Box 12846 ¢ Research Triangle Park, NC 27709 * 919-467-9919

O
4

October 28, 1986
IEA Project No. 08606 Revision #Two

N
O

Harding Lawson Associates
6300 Westpark Drive

Suite 100

Houston, TX 77057

Atiention: Mr. Jim Tremblay, P.E.
Reference: HLA Project No. 02176, 074.12
Norfolk NAS, VA - Soil & Ground Water Analysis

The GC fingerprint analysis for indication of JP-5 in 43 soil samples submitted by Harding
Lawson has been completed. Enclosed are analytical results on our report numbers 525-1 through
525-4.

In accordance with verbal instructions given to us by Hank Peters, we did not run fingerprint
analysis on the diesel fuel sample.

In order to ensure that adequate sample is received to allow us to perform fingerprint analysis on
water samples, we ask that you provide a one liter of each water sample collected.

We appreciate the opportunity to provide this information, and look forward to receipt of water
samples. If we can be of futher assistance in the interim, please do not hesitate to call on us.

Very truly yours,
INDUSTRIAL & ENVIRONMENTAL ANALYSTS, INC.

/54

Bob Marschalk
Project Manager

BM/sbm

Enclosures

Offices and laboratories located in:  Essex Junction, Vermont
Research Triangle Park, North Carolina



IEA_1.D

00 N N v hB~WwWN

IEA REPORT NO. 525-1
Samples Received 9/12/86

Fingerprint Analysis for Indi

Client I.D,
9-9 - MW3-0.5-2
99 -MW3-45-6
9-9 - MW4-5-6.5
9-8 - MW4 - 7-8.5
9-8 - MWS5-3-45
9-8 - MWS5 - 4.5-6
99 - MW7 -17-8.5
99 - MW7 -9-10.5

ion of JP-

In Soil Sampl

Resuits

No hydrocarbon blend present
No hydrocarbon blend present
No hydrocarbon blend present
No hydrocarbon blend present
No hydrocarbon blend present
No hydrocarbon blend present
14,600 mg/kg JPS present

23 mg/kg JPS present



IEA REPORT NO. 525-2
Samples Received 9/17/86

Fingerprint Analvsis for Indication of JP-5 In Soil Sampl

IEA 1.D, Client 1.D, Results
1 9-12 - MW8 - 4.5-6 Narrow cut of a petroleum blend
2 9-12- MW8 - 6-7.5 34 mg/kg JPS5 present
3 9-12 - MW8 - 9.5-11 No hydrocarbon blend present
4 9-13- MW9 - 1.5-3.0 No hydrocarbon blend present
) 9-13 - MW9 - 6-7.5 551 mg/kg JPS present
6 9-13-MW10 - 1.5-3 No hydrocarbon blend present
7 9-13 - MW10 - 6-7.5 6,560 mg/kg JPS present
8 9-12 - MW11-4.5-6 Narrow cut of a petroleum blend
9 9-12 - MW11 - 6-7.5 95,100 mg/kg JP5 present
10 9-13-MW18-0-1.5 No hydrocarbon blend present
11 9-13 - MW18 - 9-10.5 No hydrocarbon blend present



IEA REPORT NO. 525-3
Samples Received 9/19/86

GC Fingerprint Analysis for Indication of JP-S In Soil Samples

IEA_ LD,

N-JE-CREN B LY. N PR

10
11
12
13
14
15

Client LD,
2
9-15-.75-2.25 - MW-23

9-15 - 2.25-3.75 - MW-23
9-15 - 4.5-6 - MW-12
9-15 - 6-7.5 - MW-12
9-15-7-8.5 - MW-17
9-15 - 8.5-10 - MW-17
9-16 856 - MW-20
9-16 - 6-7.5 - MW-20
9-17 - 2-3.5 - MW-21
9-17 - 4.5-6 - MW-21
9-17 - 4.5-6 - MW-22
917 - 6-7.5 - MW-21
9-17 - 10-11.5 - MW-22
9-18 - 2.5-4 - MW-24
9-18 - 4.5-6 - MW-24

Results

918 mg/kg JPS present

5,250 mg/kg JP5 present

No hydrocarbon blend present
46,000 mg/kg JPS present
2,390 mg/kg JPS present

No hydrocarbon blend present
No hydrocarbon blend present
No hydrocarbon blend present
No hydrocarbon blend present
No hydrocarbon blend present
No hydrocarbon blend present
32 mg/kg JPS present

No hydrocarbon blend present
No hydrocarbon blend present

No hydrocarbon blend present



IEA 1.D

p—

O 0 NN W A W

Fin

IEA REPORT NO. 525-4
Samples Received 9/23/86

rprint Analvsis for Indi

lient I.D

9-19 - MW-25" 4.5-6
9-19 - MW-23 - 4.5-6
9-19 - MW-23 - 6-7.5
919 MW-13 - 6-7.5
92 MW-6 - 2.5-4

920 - MW-13 - 2.5-4
9-20 - MW-15 - 4.5-6
921 - MW-14 - 4.5-6
921 - MW-6 - 6-7.5

ion of JP-

In Soil Sampl

Results

No hydrocarbon blend present
83,300 mg/kg JPS present
24,500 mg/kg JPS present
No hydrocarbon blend present
5,320 mg/kg JPS present

No hydrocarbon blend present
No hydrocarbon blend present
No hydrocarbon blend present
11 mg/kg JPS present



Harding Lawson Associates

APPENDIX E
COMPLETE GROUND WATER
AND
HYDROCARBON MEASUREMENTS
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Harding Lawson Associates

APPENDIX F
IEA LABORATORY RESULTS
FLUID SAMPLES



ieq Industrial & Enviconmental Analysts, Inc.
bbbl  P.O. Box 12846 e Research Triangle Park, NC 27709 ¢ 916-467-9919
DEC12 1986

December 9, 1986
IEA Report No. 08606B-R1

Harding Lawson Associates
6300 Westpark Drive, Suite 100
Houston, Texas 77057

Attention: Mr. Jim Tremblay, P.E.
Reference: HLA Project No. 02176, 074.12
Norfolk NAS, VA - Soil & Ground Water Analysis - IEA Lab No. 525-5
The GC fingerprint analysis for indication of JP-5 in 23 water samples submitted by Harding
Lawson has been completed. Following are the analytical results.
We appreciate the opportunity to provide this information, and look forward to working with you

in South Carolina. If we can be of further assistance in the interim, please do not hesitate to call on
us. '

Very truly yours,
INDUSTRIAL & ENVIRONMENTAL ANALYSTS, INC.

Bl Mw%.

Bob Marschalk
Project Manager

BM/sbm

Enclosure

Offices and laboratories located in:  Essex Junction, Vermont
Research Triangle Park, North Carolina



December 2, 1986 « IEA Report No. 08606B « Page Number 2

Well ID, date, and time given below are as appeared on sample bottle labels. Due to some being
torn, and/or ink smearing, the information provided is accurate to the best of our knowledge.

IEA Well Date Time Results
ID ID
1* M. Well #7 11/01/86  15:34 26,000 ug/L - a thermally degraded petroleum
hydrocarbon blend similar to JP5
2 M.Well #10 11/01/86  15:25 Is a petroleum hydrocarbon blend similar to
JP5
3 M.Well #9 11/01/86  15:59 Is a petroleum hydrocarbon blend similar to
JPS
4 M.Well #11 11/01/86  14:59 Is a petroleum hydrocarbon blend similar to
JP5
5 M.Well #23 11/01/86  14:55 Is a petroleum hydrocarbon blend similar to
JP5
6 M.Well #6 11/01/86  14:35 Is a petroleum hydrocarbon blend similar to
JPS
7 M.Well #17 11/04/86  13:34 Is a petroleum hydrocarbon blend similar to
JP5
g * M.Well #8 11/03/86  12:05 250 pg/L - a petroleum hydrocarbon blend in
the same distillation range as JPS
0% M.Well #14 11/03/86  11:15 <25 ng/L
10 M.Well #22 11/03/86  16:50 Is a petroleum hydrocarbon blend similar to
JPS
11 * M. Well #24 11/03/86  16:00 130 pg/L - a petroleum hydrocarbon blend
similar to JP5
12 M.Well #21 11/03/86  17:10 Is a petroleum hydrocarbon blend similar to

JP5



December 2, 1986 « IEA Report No. 08606B » Page Number 3

IEA Well Date Time Result

ID ID

13 * M.Well #13 11/03/86  11:55 <25 pg/L

14 * M. Well #20 11/03/86  16:10 48 pg/L - a thermally degraded petroleum
hydrocarbon blend similar to JP5

15 * M.Well #16 11/03/86  11:50 <25 ug/L.

16 * M.Well #1 11/02/86  12:55 <25 ug/L.

17 * M.Well #2 11/02/86  12:45 <25 ug/L

18 M. Well #12 11/02/86  13:10 Is a petroleum hydrocarbon blend similar to
JP5

19 * M. Well #3 11/02/86  12:29 120 pg/LL - a petroleum hydrocarbon blend
similar to JP5

20 * M. Well #18 11/02/86  03:48 1400 pg/L - a petroleum hydrocarbon blend
similar to JPS

21 * M.Well #15 11/03/86  11:00 39 ug/L - a petroleum hydrocarbon blend
similar to JP5

22 * M. Well #4 11/02/86 11:19 550 ug/L - a petroleum hydrocarbon blend
similar to JP5

23 M.Well #5 11/02/86  13:20 Is a petroleum hydrocarbon blend similar to
IP5

Note: Asterisked samples were extracted and GC analysis performed on the

extract.

Non-asterisked samples were determined to be essentially pure
hydrocarbo blend, and were therefore diluted as the JP5
fingerprint reference sample was prior to analysis.
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APPENDIX G
COMPLETE AQUIFER TEST DATA



Harding Lawson Assoclates

SLUG TEST MKW-1
NOVEMBER 6, 1986

Depth to
Elapsed Time Water Drawdown

(min) (ft) (ft)
0.00 3.50 2.26
0.02 3.65 2.11
0.03 3.63 2.13
0.05 3.87 1.89
0.07 4.02 1.74
0.08 4.14 1.62
0.10 4,22 1.54
0.12 4.28 1.48
0.22 4.46 1.30
0.30 4.50 1.26
0.55 4.54 1.22
1.0 4.62 1.14
1.5 4,65 1.11
3.0 4.96 0.80
5.0 5.25 0.51
10.0 5.63 0.13

Note: Drawdown is the difference in the water level at time, "t"
from the original water level.
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SLUG TEST (Injection)
for Unconfined Aquifers with complstely of pertielly penetreting wells.

Narding Lawesn Acesciates
WIW:| Envinesrs. Geologists SHEET ! oOF 3
) & Geophysicists JOBNO. 2176,086.12
DATE 11/14/86
enosect__ NAS Norfolk COMPUTED BY __WLD
susJECcT Slug Test MW-1 11/6/86 CHECKED BY CIPM
Reference: H. Bouwer and R.C. Rice, 1976.
”. ARG B AL I ""lv'l"'w T rTITTTYVRYY \ARE Ba g |
[ | c_~ y
- - 12+ )
_.l "k5 .“ [ l -‘n
1 g -
c .} <
[ rf-_ 4 - WOk l -
l 1 | ]
vl | ]
H | bz Paae | D s _1
I' 1 L l l L
b [ | y
J ¥ :'J o h
(L ] l ‘
al l B
y ! l h
7 777 3 —1 4
Pertially penetrating, pertielly 2 ___.__._/’/'I -
perforeted well In uncontined [ __’,” b
.QUl'.r- q Y an:T—T-l aadal .t 22221 4 IO IR WS TS S W U™ B
[} S 0 50 100 500 1000 3000
L/,
Curves relauing coeflicients 4. 8. and C 1o L /v,
L/rw = 38.97; A = 2.70 . B = .42 . C = 2.30
D = 16.25 1n {(D-H) /xu } = {max €.0); if D=H, se¢e*
L = 16.25
H= 16.25 ., 1.1 A+B x1n {(D-H)/ry) -1
1 = 3 - - ’ =
"= .417 .n(Re/rw) In(lisry) L/ Tw !
l'c = . 167 1.1 1
- - = hd -+ < - = 2.78
Yox 2.26 1n(Re/ry) { in(l/ry) L/rw '
rc? 1n (Resrer . 1 2.38x1073 4
K o= T S 1n (Yo/¥ ¢)z s~ In(Yo/ Y1)
Assumptions:
1 Hydreulic Conductivity (1) Transmissivity
! Yt t In(Yo/ Y — e 1/ yr apd/ 1t 1t4/g9¢c
24.6 92 |3.65¢10728.68x107° | 2740 | 56.14 | 1.41x107°
30.6 .62 4.23x107%| 1.01x107Y 3175 | 65.06 |1.64x1073
L

4y amltiniv ft/aar by 848.272 for gpd/1t2 see graph for t and Yt.




Harding Lawson Assoclates

SLUG TEST MW-2
NOVEMBER 6, 1986

Depth to
Elapsed Time Water Drawdown
(min) (ft) (ft)
0.00 1.54 4.16
0.02 1.65 4,05
0.03 1.91 3.79
0.05 2.19 3.51
0.07 2.47 3.23
0.08 2.71 2.99
0.10 2.90 2.80
0.12 3.06 2.64
0.15 3.30 2.40
0.40 3.91 1.79
0.50 3.95 1.75
1.0 4,05 1.65
1.5 4.07 1.63
3.0 4.08 1.62
5.0 4.09 1.61
10.0 4.14 1.56

Note: Drawdown is the difference in the water level at time, "t"
from the original water level.
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SLUG TEST (Injection)
for Unconfined Agquifers with completely of pertially penetreting wells.

Narding Lawsen Acssciates
(STW.Y Engineers, Geologists SHEET 1 OF 3
» & Geophysicists JOBNO. 2176,086.12
DATE 11/14/86
paosect NAS Norfolk COMPUTEDBY  WLD
susJecT—>1ug Test MW-2 11/6/86 CHECKED BY CIPM
. Reference: H. Bouwer and R.C. Rice, 1976.
“+ v L S ""T"I"T" v L4 V'ﬁ"j""' vy ygvy "'"‘ v v vy LA |
TR F:z*w—" 12t I s ]
- - A s /7
B B PR N LA X S ! 4 ]
l L 4 ‘ - |° L l ~/ :J
I / : / A 4
o » | ]
H 2 r | D | 3 o Y
o f | -
[t ']y f l :
L 9 1
L 1 , - -2
Y ~ l J .
TITTIITITITIIIT 7777777 : —r” 4 ‘
Pertislly penetrating, partislly 2 — - I I
perforated well in unconfined [ - L/' ' ]
aquifer. b Lh".‘___l - -;——’A o | 1 KB
] S 0 30 100 500 1000 Ljsooo °
L/r,
Curves relating coeflicienis 4. 8. and Cto L v,
L/rw = 39.57, A = 2.72 , B = .43 ; c = 2.25
B = _16'50 1n {(D-H)/zw ]} = (max €6.0); 1f D=H, sce*
L = 16.50
= 16.50
H= 29 L 1.1 , A+B x1ln HD-H)/ry} -1
ro- .417 In{Re/Tu) = i o) L, Ty !
w ‘
= 167
'c - 'ln(Re/r ) - { 1.1 - c }-1 = 2.81
0. 1-16 w Intil/Tol L/te
2 -3
K o= 2€2 ISL(R‘:/YU) * : In(Yo/Y )= .?;:S.D(I_O-*%ln(yo/y”
Assumptions:
(1)
t Yy %ln(YolYt n:?.d;.."c “[j:mductlvltL e Tu;a:;lsu-lv"y
6.0 2.8 6.60x10_2 1.56X10-4 4930 101.0 2.58X10-3
12.6 1.7 7.10x10_2 1.68X10-4 5307 108.7 2.78x10-3

74% smsieiniy ft/enn by 848.272 for gpd/ft2 see greph for t end Yt.



Harding Lawson Associates

SLUG TEST MW-3
NOVEMBER 6, 1986

Depth to
Elapsed Time Water Drawdown

(min) (ft) (ft)
0.00 4.09 3.39
0.02 4.80 2.68
0.03 5.16 2.32
0.05 5.41 2.07
0.07 5.57 1.91
0.08 5.69 1.79
0.10 5.78 1.70
0.12 5.85 1.63
0.13 5.90 1.58
0.15 5.94 1.54
10.23 6.06 1.42
0.32 6.12 1.36
0.50 6.23 1.25
0.75 6.35 1.13
1.0 6.46 1.02
3.0 7.00 0.48
5.0 7.26 0.22
10.0 7.40 0.08

Note: Drawdown is the difference in the water level at time, "t"
from the original water level.
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SLUG TEST (Injection)
fer Unconfined Aquifers with completely of pertially penetreting wells.

Merding Lowesn Acssciates
HLA Enginesrs, Geologists SHEET | OF 3
. & Geophysicists JOBNO. 2176,088.12
DATE 11725786
provecT _ NAS Norfolk COMPUTEDBY_ || D
susygct—Slug Test MW-3 11/6/86 CHECKEDBY__ CIPM
Reference: H. Bouwer end R.C. Rice, 1976.
“b v T v ""' "'r‘ v v v "1""' "'"' v v v ""' "Y"' v L4 L '
b ) 4
S c” -
12 s :
A} 7
ond } b
¢ o} h
: :
sl B
L -
s b
! )
al B
y [ 1
7 777 .
Pertiaily penetrating, pertielly 2 = -
perforated well in uncontined [ _ | o — B
squifer. [ Aacdadal s 1.1.! 4-:’?'1 a2l 1 1 1
) 5 10 50 100 500 1000 3000
L/,
Curves relaning woeflicients 4. 8. and C o Lo,
L/rw = 27.58; A = 2,40 ; B= .35 ;c= 1.99
0 =_11.5 1n {(D-H) /1y } = (max €.0); if D=H, seo®
Lt =_11.5
H = I I 5 R ; ) - -
In(Re/ry)= :—-——lnj('l'll ) . VB xl? ‘:D H)/rw)’ 1,
rW= 417 _ /fw /i
fo= .167
P . . 1.1 ., € ,-1_ 2.48
3.39 In(Re/ry) = { In(il/Ty) Litw '

¥ = xcz in (Rc/rwl

-3
* =L 1oy 12300 X105 Sincvosvey

2L T
Assumptions:
1 Hydraulic Conductlan“) Trensmissivity
t Yt t In(Yo/¥t ft/sec 1t/yr anditt ft4/aq¢
1.02 2.8 188 |5.63 x107% 17760 | 364 |6.48x1073
4.62 1.4 -191 5.75x10"% | 18130 372 6.61x10°3

1Y amideinty ft/ean hy 846,272 for gpd/ft2 see Qraph for t end Yt,




Harding Lawson Associates

SLUG TEST MW-4
NOVEMBER 6, 1986

Depth to
Elapsed Time Water Drawdown

(min) (ft) (ft)
0.00 1.47 2.86
0.02 1.48 2.85
0.03 1.61 2.72
0.05 1.79 2.54
0.08 2.09 2.24
0.10 2.21 2.12
0.12 2.31 2.02
0.13 2.40 1.93
0.15 2.49 1.84
0.17 2.56 0.77
0.25 2.83 1.50
0.33 3.00 1.33
0.58 3.25 1.08
0.83 3.38 0.95
1.00 3.44 0.89
1.50 3.60 0.73
3.0 3.90 0.43
5.0 4,09 0.24
10.0 4.27 0.06

Note: Drawdown is the difference in the water level at time, "t"
from the original water level.
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Drawdown (ft)
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SLUG TEST (Injection)
for Unconfined Aquifers with completely of pertielly penetreting wells.

Merding Laween Asssciates 3
TIW.y Ervineers. Geologists SHEeT__ ! OF
. & Geophysicists JOBNO. 2176,088.12
DATE 11/19/86
paocuect NAS Norfolk compuTeDBY CIPM
s cT STug Test MW-4 11/06/86 CHECKED BY
Reference: H. Bouwer and R.C. Rice, 1976.
”P v  § VT"""T"" v "U"" '_'l"( vy v gevy "'"' B B LA §
[ c_- 1
12y o
DN |
c | ]
of i
' 1l s
(] o3 .: -3
: L
L - o
oL 142
77;77777777777777)9/7 L 11
Partislly penetrating, pertially z» 14
perforated well in unconfined R 1.
.Qu“.f. g Aadaidlazaad N 1' dad,l 21221t et it 1211 2 dadl 0
1 S 0 30 100 300 1000 5000

L/rg,

Curves relaung coeflicients 4. 8. and Cto L-»r,

L/rw = 21.99, A « 2.20. p = 0.30; c = 1.70

D = __SL. In{(D-H) /rn )} = (max €.0); if D=H, s¢o*

L = 9.17

H = 9.17 r 1.1 hY 2] xln {(D-H)/IU}.‘I

L 417 ' 1n(Re/ru)= ‘In(l/xry) * Ly fw !

w

l’c: ..167 ) .

] * = 1. + < Tt . 2.

Yo: 2.86 In(Re/ry) { Intil/ry) L/ry } __3&_
. o Ic2 1n (Re/rw) 1 3.51x1073 1
ko= 30 * oV s TinlYosve)
Assumptions:

Hydrewlic Conduotlvltx("! Transmissivity

) 1
t Yt T In(Yo/Yexy—rrre W yr T T, |
9.00 1.82  |5.18x107%4.80x10"% | 5690 116.6 | 1.65x1073

2 4

23.4 0.84 5.24x10°91.84x10” 5800 118.9 1.69x1073

143 wmaieiniyv $t/enn hy 846.272 for gpd/f1t2 see graph for t end Yt.



Harding Lawson Associates

SLUG TEST MW-7
NOVEMBER 6, 1986

Depth to
Elapsed Time Water Drawdown
(min) (ft) (ft)
0.00 3.82 2.67
0.08 4.11 2.38
0.17 4.49 2.00
0.25 4,70 1.79
0.33 4.83 1.66
0.42 4,92 1.57
0.50 5.00 1.49
0.58 5.07 1.42
0.67 5.12 1.37
1.0 5.29 1.20
1.5 5.44 1.05
3.0 5.73 0.76
5.0 5.87 0.62
7.5 6.00 0.49
10.0 6.11 0.38

Note: Drawdown is the difference in the water level at time, "t"
from the original water level.
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St

fer Uneonfined Agquifers with compietely of pertisily penetrating wells.

4 Geophysicists JOBNO. 2176,088.12
DATE 11/19/86
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sussger—21ug Test MH-7 11/06/86 CHECKED BY
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Curves relating coeflicients 4. 8. and C 10 L /v,
L/rw -35-97 : A= 2.58; B = 0.41 ; C = 2.25
D = 416_21_ 1n {(D-H) /xw )} = 6 (max €.0); if D=H, s¢o*
L = 15.0
H = 15'0 1 ( / ). [ 1.1 A+B xln ‘_(D-H)/ru)"‘l - 2.236
r - 0.417 n{Re/Tw ‘1ln(H/ry) L, Ty —_—
ws o Y.l .
re= —0.167 1.1 c -1 2.706
2.67 *1n(Re/ry) = | ln(H/1y) L/r..,} —
Yo: _ )
2
Row I lgx_me/"'" . : ln(\'o/\'t)z_——-—-c%lﬂ(YoIYt)
if D>H = 2.08x107°
Assumptions: ) _ _ _
£ D=H= 5 51073
. 1 Hydrewlic Conduactivity (1) Transmissivity
t Yt t In(Yo/vt ft/sec 17yr m! 114/0e¢
5.07x107° | 1600 | 32.78 D>H
-2 -5 22x10~* D=H
2.7 2.5 2.44x10°°]6.15x10 1939 | 39.74 9.22x
5.72x107° | 1803 | 36.97 D> H
29.1 1.2 |2.75x10°%]6.93x10"5 | 2185 | 44.79 1.04x10-3 D=H
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\itiniv ft/anr by 848.272 for gdet2

see graph for t snd Yt.



Harding Lawson Associates

SLUG TEST MW-13
NOVEMBER 7, 1986

Depth to
Elapsed Time Water Drawdown
(min) (ft) (ft)
0.00 3.86 2.49
0.02 4.00 2.35
0.03 4.04 2.31
0.05 4.06 2.29
0.07 4.10 2.25
0.08 4,12 2.23
0.10 4.14 2.21
0.12 4,16 2.19
0.13 4,17 2.18
0.22 4.19 2.16
0.30 4.20 2.15
0.50 4,22 2.13
1.0 4.27 2.08
1.5 4.33 2.02
2.0 4,39 1.96
5.0 4.65 1.70
10.0 4,95 1.40

Note: Drawdown is the difference in the water level at time, "t"
from the original water level.
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SLUG TEST (Injection)
for Unconfined Aquifers with compietely of pertielly penetreting weils.

Nerding Lawesn Asssciaies
) & Geophysicists JOBNO. 2176,088.12
DATE__ 11/19/86
PROJECT NAS Norfolk COMPUTEDBY  CIPM
» susJgeT Slug Test MW-13 11/07/86 CHECKED BY
E Reference: H. Bouwer end R.C. Rice, 1976,
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Pertially penetrating, partielly 2 R s i O
perforated well in uncontined [ __’,” l_/' ]
.QU”.'- i 4 a3 T—l_:xr-:—":'l ! 22212l —dad a1 2200 g Aad - 0
i s 10 50 100 300 1000 3000
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Cutves relaving coeflicients 4. 8. and Cto L v,
Lrw = 35.97, A = 2.58 . g «.80 , ¢ 2.25
D = 17.50 In{tb-H)/rwl= _ 6 (max €.0); if D=H, sco®
L= 15.0
H = : 1(D=-H) }. -1
15..0 1n(Re/ry) = {lntl.l:/lr\,) . B xl:/.:s /r\.,.’ - 2.245
"w™ 417 -
for — 167 1.1 c -1
Yo: 2.50 In(Re/Ty) = | Tnuisrar. =~ Liew! 2:706
2
k= Ic lgl_m"/""’ . : ln(\'o/\'t)z_—-—-—*%ln(YolYt)
if D> H=2.08x107°
Assumptions:
i D =H=2.52x107
(1)
N Yy %ln(YoIY! ":l.y.d;nullc ",(’::mductlvltx y Tr.ns;ul..lvlty
, 7.05x1070 | 2225 | 45.59 D> H
6.6 2.0 [3.38x107°[8.52x10™° | 2686 | 55.05 | 1.27x1073 D = H
6.90x10™> 1 2176 | 44.59 ; D> H
| 22.2 1o 13.31x10%8.33x10°5 | 2627 | 53.84 | 1.25x10 D= H

£9% ssiltiniy $t7emn by 848.272 for opd/s112 see greph for t and Yt.



Harding Lawson Associates

SLUG TEST Mw-14
NOVEMBER 7, 1986

Depth to
Elapsed Time Water Drawdown
(min) (ft) (ft)
0.00 2.58 2.72
0.02 2.62 2.68
0.03 2.68 2.62
0.05 2.72 2.58
0.13 2.81 2.49
0.22 2.88 2.42
0.30 2.95 2.35
0.38 3.00 2.30
0.47 3.05 2.25
0.72 3.16 2.14
1.0 3.28 2.02
1.5 3.41 1.89
3.0 3.77 1.53
5.0 4.16 1.14
10.0 4.85 0.45

Note: Drawdown is the difference in the water level at time, "t"
from the original water level.
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SLUG TEST (njection)
for Unconfined Aquifers with completely of pertlelly penetreting wells.

Narding Lowesn Asssciates

HLA

PROJECT

Engineers., Geologists
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SHEET_ |
JOBNO. 2176,088.12

DATE

OF 3

11/19/86

ComMPUTED BY _CIPM

Slug Test MW-14

11/07/86
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SuUBJECT

Pertially penetrating, pertisily
perforeted well In unconfined

asquifer.

Reference: H. Bouwer snd R.C. Rice, 1976.
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L/rw = 29.98 A = 2.49, p = .38

Curves relauing coeflicients 4. 8. and Cto L,

; ¢ = 2.00

D = _is—_ ln {((D-H) /1w } = {max €.0); if D=H, sceo*
L = 12.5
= 12.5 D~ -
H=_-c9 (1.1 A+B x1n (D-H) /1) -1 _
. 417 In(Re/xw)= 1o T, rg !
w- T .
r = .167
¢ - - 1.1 c -1 _
Yo 2.72 1n(Re/ry) { ln(il/ry) L/rw J —2.49
-3
2 ‘
x = IC IEL(Re/rwl . : 1nn.‘_“/\.t)=2.79 x10 'i%|ﬂ(YoIYt)
Assumptions:
! 1 Hydrewiic Conductlvlly(" Trensmissivity
t Yt T In(Yo/ vt Tt7sec T mgr LT
2.1 2.5 4.02X10-2 1.12x10_4 3535 72.43 1.40x10'3
28.2 1.3 2.62X10_2 7.30X10-5 2304 47.21 9.13X10-4

(R

\bnitinly ft/aan by 848.272 for gpd/ft2

see graph for t snd Y1,



Harding Lawson Associates

SLUG TEST MW-16
NOVEMBER 6, 1986

UDepth to
Elapsed Time Water Drawdown
(min) (ft) (ft)
0.00 1.31 3.61
0.02 1.49 3.43
0.03 1.68 3.24
0.05 1.84 3.08
0.07 1.98 2.94
0.08 2.10 2.82
0.10 2.21 2.71
0.18 2.57 2.35
0.27 2.74 2.18
0.50 2,93 1.99
1.0 2.96 1.96
1.5 2.99 1.93
3.0 3.06 1.86
5.0 3.08 1.84
10.0 3.26 1.66

Note: Drawdown is the difference in the water level at time, "t"
from the original water level,.
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Engineers, Geologists
& Geophysicists

NAS Norfolk

SLUG TEST (injection)
for Unconfined Aquifers wih compietely of pertielly penetrating wells.

Marding Lowesa Asseclates

SHEET

1 OF 3

JOB NO.

DATE

2176,088.12
11/19/86

PROJECT COMPUTEDBY CIPM
susJECT Slug Test MW-16 11/06/86 CHECKED BY
Reference: H. Bouwer and R.C. Rice, 1976.
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Pertislly penetrsting, partially 2_ 4,
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Curves relaving coeflicients 4. 8. and Cio L v,
L/rw = 31.18: A = 2.49 ; B = .35 ; C = 2.05
o =_ 13.0 In{(D=-H) /1y } = (max €.0); if D=H, sce*
L = 13.0
H = v . . ] I(D-H ). -1
13.0 1n (Re/ry) = .‘lnl(“ir ) A+E xl):u .x(.D ) /1) ; .
Tw= .417 : v st
fe® — 167 1.1 c -1
‘o 3.61 *1n(Re/ry) = | In(il/Ty) L/re = _2:39
, 21
K= € ;L(Re/r") * : In(Yo/Y)= *}ln(YoIYU
Assumptions:
1 Hydraulic ConductlvltL“) Trensmissivity
' Yt T In (Yo Y — e 1t/ yr " opd/1td 1t4/9ag
14.4 1.7 {5.23x107%) 1.45x10°% | 4585 | 93.96 | 1.89x103
31.2 7 5.26X10—2 1.46X10_4 4611 94,50 1.90x1(L_3

4y

wsilrinly ft/ear by 6468.272 for gpd/it2

see greph for t end Yt,



Harding Lawson Associates

SLUG TEST MW-20
NOVEMBER 6, 1986

Depth to
Elapsed Time Water Drawdown
(min) (ft) (ft)
0.00 4.29 1.78
0.08 5.06 1.01
0.17 5.30 0.77
0.25 5.41 0.66
0.33 5.48 0.59
0.42 5.52 0.55
0.50 5.54 0.53
0.67 5.61 0.46
1.00 5.66 0.41
1.25 5.70 0.37
1.5 5.73 0.34
3.0 5.85 0.22
5.0 5.92 0.15
10.0 6.01 0.06

Note: Drawdown is the difference in the water level at time, "t"
from the original water level.
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PROJECT

SLUG TEST (injection)

for Uncontined Aquifers with completely of pertieily penetreting wells.

& Geophysicists
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Reference: H. Bouwer and R.C. Rice, 1976.
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L/rg,
Curves relating toeflicients 4. 8. and C 1o L v,
L/rw = 38.37, p = 2.62 . B= 43 ;¢ = 2.25
D=_2>16.0 In{(D~H)/rw} = _6  (max €.0); if D=H, sce®
L= 16.0
H = 16.0 In(Re/rul= {5 1.1 A+Bb xl?{(D-H)/Iw}}‘l - 2.29
F = 417 - n(bsry) L/l _
| S .167
c® ——100 . ) 1.1 e -1
Yo: 1.78 1n(Re/xy) { ln(ii/r ) L/rw d 278
k= Ze2 10 (Re/zu) , 1 In(Yo/Y, )= *llﬂ(YoIYﬂ
2L t 0/ el= t
if D> H = 1.99x1073
Assumptions: D —
if D =H=2.42x1073
: 1 Hydreuwlic Conductlvltyi‘) Transmissivity
t Yt t In(Yo/Yer—re tt/yr LA T /] aec ]
1.73x107% | s487 | 112.5 D>
3.6 1.3 [8.73x107%[2.11x10"* | 6654 | 136.4 | 3.38x1073 D =
1.78x107% } 5610 | 115.0 D>
8.4 .84 8.94x107%]2.16x107% | 6823 | 139.8 | 3.46x10=3 D =
19% saisiniy ft/enn By 848.272 for gpd/ft2 see greph for t end Y.
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Harding Lawson Assoclates

SLUG TEST MW-24
NOVEMBER 6, 1986

Depth to
Elapsed Time Water Drawdown
{min) (ft) (ft)
0.00 3.81 2.64
0.02 3.85 2.60
0.03 4.00 2.45
0.05 4.16 2.29
0.07 4.29 2.16
0.08 4.40 2.05
0.17 4.76 1.69
0.25 4.97 1.48
0.50 5.34 1.11
0.75 5.59 0.86
1.0 5.78 0.67
1.5 6.01 0.44
3.0 6.29 0.16
5.0 6.40 0.05
10.0 6.45 0.00

Note: Drawdown is the difference in the water level at time, "t"
from the original water Tevel.



46 6012

Drawdown (ft)

_
i
1

w0
)
1

SEMI-LOGARITHMIC 4 CYCLES X 70 DIVISIONS

KEUFFIL & USSLR CO. MiDEMUSA

O
x
5. T 1=
4 —] = ==
3 = == —
, : =
T * ~ ! § #
1 r i — . i T :
1 1 | T T T i
0 .2 .4 .6 .8 1.0 1.2 1.4
Time (minutes)
Harding Lawson Associates SLUG TEST - MW-24 PLATE

Engineers, Geologists NOVEMBER _6, 1 986

g & Geophysicists NAS Norfolk ’ G - 1 O
DATE

Norfolk, Virginia

5 2176,085. 12 A 7




SLUG TEST (injection)

Narding Lowesn Aeseciales

& Geophysicists

PROJECT NAS Norfolk

SHEET !

for Uncoafined Aquifers with completely of pertielly penetrating wells.

ofF 3

JOBNO. 2176,088.12

DATE

11/19/86

COMPUTED BY CIPM

STug Test MW-24

11/06/86

CHECKED BY

susJeCT

Reference: H. Bouwer and R.C. Rice, 1976.
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Curves relating coeflicienmis 4. 8. and C 10 L7,
L/rw = 38.37. o =« 2.70, B = .45 ; c = 2.30
p= >17.0 In{(b-H)/re} = 6 (max €.0); if D=H, sco®
L = 16 ,0
H= 16-0 ’ 1.1 N\+B xln {(D—H)/ru}'l 2-261
fe” - *1n(R./r,) = 1.1 < 7l . 2.766
Yo: 2.70 v In(H/r ) L/Tw —_——
p = £c2 1n (Re/rw) , 1 . 1,
. 5L . In(Yo/Y¢)= *; n(Yo/vYt)
if D> H = 1.97 x10™3
Assumptions: ifD=H=2.4] X10_3
1 Hydreaulic Conductlvlm‘" Trensmisseivity
' Yt t In(Yo/ YOI —noee T _oed/1t? ft4/90c
] 1,89x10=2 3400 | 69.72 D> H
12.0 1.4 |5.47x10 711.32x107" | 4160 {85.28 | 2.11x1073 D = H
1.08x10~4 3415 1} 70.00 D> H
20.4 0.88 |5.49x1079 1.32x10°4 4175 | 85.60 | 2.12x10-3 D= H

ey

theltiniv

tt2amr by 0‘6.272 for del"z

see greph for t and Yt.



Harding Lawson Associates

PUMP TEST MW-17
November 3 and 4, 1986

MW-17 MW-5
Elapsed Time Depth to Drawdown Depth to Drawdown
(min) Water (ft) (ft) Water (ft) (ft)
0.0 6.77 0.00 7.03 0.00
0.1 7.34 0.57 7.08 0.05
0.5 8.69 1.92 7.04 0.01
1.0 9.45 2.68 7.04 0.01
1.5 9.95 3.18 6.98 -0.05
2.0 10.17 3.40 7.01 -0.02
2.5 10.23 3.46 6.96 -0.07
3.0 10.29 3.52 7.03 0.00
3.5 10.35 3.58 7.02 -0.01
4.0 10.41 3.64 7.06 0.03
4.5 10.43 3.66 6.76 -0.27
5.0 10.45 3.68 6.98 -0.05
6.0 10.49 3.72 7.03 0.00
7.0 10.53 3.76 7.03 0.00
8.0 10.57 3.80 6.95 -0.08
10 10.62 3.85 7.03 0.00
12 10.66 3.89 7.01 -0.02
14 10.69 3.92 6.91 -0.12
16 10.72 3.95 7.03 0.00
18 10.74 3.97 7.03 0.00
20 10.76 3.99 7.00 -0.03
30 10.86 4,09 6.97 -0.06
40 11.37 4.60 7.04 0.01
50 11.43 4,66 6.84 -0.19
60 11.45 4.68 7.06 0.03
70 11.48 4,71 6.93 -0.10

Note: Drawdown is the drop in the water level at time, "t" from the
original water level,



Harding Lawson Associates

PUMP TEST Mw-17
November 3 and 4, 1986

(Continued)
MW-17 MW-5
Depth to Depth to
Elapsed Time Water Drawdown Water Drawdown
(min) (ft) (ft) (ft) (ft)
80 11.48 4,71 7.03 0.00
90 11,52 4,75 7.00 -0.03
110 11.49 4,72 7.01 -0.02
150 11.70 4,93 7.05 0.02
200 11.74 4,97 6.88 -0.15
250 11.91 5.14 6.97 -0.06
300 12.01 5.24 6.98 -0.05
350 12.15 5.38 6.91 -0.12
400 12.41 5.64 7.02 -0.01
450 12.52 5.75 7.03 0.00
500 12.63 5.86 7.08 0.05
548 12.73 5.96 6.96 -0.07
598 12.83 6.06 6.97 0.06
648 13.16 6.39 7.03 0.00
698 13.38 6.61 7.09 0.06
748 13.43 6.66 6.99 -0.04
798 13.57 6.80 7.02 -0.01
848 13.69 6.92 7.03 0.00
898 13.72 6.89 7.00 -0.03
948 13.90 7.13 7.07 0.04
998 14,07 7.30 7.12 0.09
1098 14,56 7.79 7.06 0.03
1198 14.58 7.81 7.06 0.03
1298 14.65 7.88 7.12 0.09
1398 14,86 8.09 7.09 0.06
1498 14.89 8.06 7.11 0.08
1598 14,95 8.18 7.10 0.07

Note: Drawdown is the drop in the water Tevel at time, “t" from the
original water level.



Harding Lawson Assoclates

RECOVERY TEST MW-17
November 3 and 4, 1986

MW-17 MW-5
Elapsed Time Depth to Drawdown Depth to Drawdown
(min) Water (ft) (ft) Water (ft) (ft)
.00 14.01 7.24 6.79 -0.24
.01 14.15 7.38 6.81 -0.22
.02 14.06 7.29 6.76 -0.27
.03 14.07 7.30 6.72 -0.21
.05 13.89 7.12 6.76 -0.27
.10 13.67 6.90 6.93 -0.10
.20 13.21 6.44 6.82 -0.21
.30 12.72 5.95 6.84 -0.19
.50 11.75 4,98 6.89 -0.14
.75 10.69 3.92 6.81 -0.22
1.00 9.81 3.04 6.85 -0.18
1.25 9.09 2.32 6.80 -0.23
1.50 8.42 1.65 6.79 -0.24
1.75 7.80 1.03 6.83 -0.20
2.0 71.76 0.99 6.85 -0.18
2.5 7.88 1.11 6.82 -0.21
3.0 7.95 1.18 6.79 -0.24
3.5 7.99 1.22 6.79 -0.24
4.0 8.01 1.24 6.61 0.42
4.5 8.03 1.26 "~ 6.88 0.15
5.0 8.03 1.26 6.78 -0.25
5.5 8.02 1.25 6.83 -0.20
6.0 8.01 1.24 6.76 -0.27
6.5 8.00 1.23 6.80 -0.23
7.0 7.99 1.22 6.86 -0.17
7.5 7.98 1.21 6.84 -0.19
8.0 7.96 1.19 6.89 -0.14

Note: Drawdown is the drop in the water level at time, "t" from the
original water level.



Harding Lawson Assoclates

RECOVERY TEST MW-17
November 3 and 4, 1986

(Continued)
MW-17 ‘MW-5
Elapsed Time Depth to Drawdown Depth to Drawdown
(min) Water (ft) (ft) Water (ft) (ft)
8.5 7.95 1.18 6.84 -0.19
9.0 7.94 1.17 6.85 -0.18
9.5 7.93 1.16 6.90 -0.13
10 7.92 1.15 6.77 -0.26
20 7.78 1.01 6.93 -0.10
30 7.69 0.92 6.89 -0.14
40 7.62 0.85 6.93 -0.10
50 7.57 0.80 6.92 -0.11
60 7.52 0.75 6.79 -0.24
70 7.48 0.71 6.90 -0.13
80 7.45 0.68 6.88 -0.15
90 7.42 0.65 6.94 -0.09
100 7.40 0.63 6.96 -0.07
110 7.37 0.60 6.88 -0.15
120 7.36 0.59 6.91 -0.12

Note: Drawdown is the drop in the water level at time, "t" from the
original water level.
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PUMP TEST MW-10
November 5, 1986

MW-10 "MW-9
Elapsed Time Depth to Drawdown Depth to Drawdown
(min) Water (ft) (ft) Water (ft) (ft)
0.00 4.05 0.00 11.57 0.00
0.01 4.11 0.06 11.57 0.00
0.03 4.45 0.40 11.57 0.00
0.05 4,90 0.85 11.57 0.00
0.10 5.92 1.87 11.57 0.00
0.20 9.41 5.36 11.57 0.00
0.30 10.95 6.90 11,57 0.00
0.50 12.04 7.99 11.57 0.00
0.75 12.80 8.75 11.57 0.00
10.0 12.80 8.75 11,57 0.00
20.0 12.81 8.76 11,57 0.00
230.0 12.81 8.76 11.57 0.00

Note: (1) From 0.75 minutes to 20 minutes the depth to water in
MW-10 fluctuated between 12.80 and 12.81 ft and remained
at 11.57 ft in MW-9.

(2) From 20 to 230 minutes the depth to water in MW-10 was
12.81 ft and remained at 11.57 ft. in MW-9
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RECOVERY TEST MW-10*
November 5, 1986

Depth to
Elapsed Time Water Drawdown
(min) (ft) (ft )
0.00 12.81 8.76
0.25 11.93 7.88
0.5 10.85 6.80
0.75 9.92 5.87
1.0 9.10 5.05
1.25 8.36 4.31
1.58 7.69 3.64
1.75 7.12 3.07
2.0 6.69 2.64
3.0 5.82 1.77
4.0 5.38 1.33
5.0 5.05 1.00
6.0 4.81 0.76
7.0 4.66 0.61
8.0 4,55 0.50
9.0 4.48 0.43
10.0 4.46 0.41
20 4.17 0.12
30 4.06 0.01
40 4.01 -0.04
50 3.98 -0.07
60 3.96 -0.09
70 3.94 -0.11

*No recovery data was taken for MW-9, because no drawdown was effected
during pumpage



Harding Lawson Assoclates

APPENDIX H
SUBSURFACE HYDROCARBON
RECOVERY SYSTEM
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APPENDIX H

The following section describes the remediation technique recom-
mended for hydrocarbon recovery at NAS Norfolk. The basic remediation
system will consist of a series of recovery modules, each of which
will contain approximately 4 pumping wells (refer to Plate 15). The
wells will be interconnected by a pipeline system, and the well-
grouping will be connected to a main control panel. Hydrocarbon,
which is recovered in the module, will be discharged to an above-
ground storage tank. Initially, the recovery modules may be installed
using existing monitoring wells. Following repair/replacement of
leaking lines, and clear delineation of the hydrocarbon migration to
the east, installation of additional recovery modules should be

considered.

Existing monitoring wells should be wused as recovery wells
whenever possible (refer to Plate 15). A low volume pneumatic pumping
system is recommended for hydrocarbon and groundwater pumping.
Examples of pneumatic pumping systems are the Well Ejector by Ejector
Systems, Inc. (ESI) and the Pulse Pump by QED Environmental Systems,
Inc. (QED) (see attached vendbr data). Such a pneumatically driven
system provides a sharper separation of hydrocarbon and groundwater
than that normally encountered with centrifugal or turbine pumps,
thereby reducing the potential quantity of groundwater requiring

management. This system also provides a lower capital cost per well
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when used in multiple well systems, because several recovery wells can
be served by a single main control board and air compressor. The use
of multiple shallow wells also minimizes the total quantity of water

pumped and treated.

The proposed initial recovery system at NAS Norfolk groups four
(4) recovery wells and any associated groundwater treatment equipment
into a module. The basic module consists of the four (4) recovery
wells (with pumps, valves, piping and wellhead controls) with
associated compressor and main control panel, a hydrocarbon/water
separator to separate the hydrocarbon and water phases, a storage tank
to accumulate the recovered hydrocarbon for off-site recycling or
disposal, and wastewater treatment units if required, for disposal of
the water. A schematic of the proposed recovery system module is

shown on Plate H-1.

Based on vendor data and on our field experience, we anticipate
that the aqueous effluent flow from the separator will contain no more
than approximately 50-100 ppm of dissolved volatile organic carbon
(VvoC) from the recovered hydrocarbon. If the effluent quality is
sufficient to meet the criteria imposed for discharge, no further

treatment is required.

The preliminary estimated capital and annual operating costs for

each module are summarized in Table H-1. The costs presented in Table
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H-2 are estimates of capital and annual operating costs for equipment
and installation of nine recovery modules. This is a preliminary
estimate of the total number of modules considered necessary to
clean-up the subsurface at NAS Norfolk. The number of modules may
increase or decrease significantly after the full extent of
hydrocarbon contamination is delineated and the effectiveness of
hydrocarbon recovery has been observed in the field. These tables do
not include design, engineering and construction management services

required for implementation of the recovery system module.

TABLE H-1
CAPITAL AND OPERATING COST: PER MODULE

1. Basic Module

a) Capital Costs

e 4 recovery wells x 20 ft/well x $50/ft = $ 4,000*%
e Pumps, valves and main control panel €@ $7,000/well = 28,000
¢ Compressor = 5,000
e Separator, slant rib, coalescing (50 gpm) = 9,000
@ Recovered hydrocarbon storage tank; above ground, = $ 3,000
steel, 4,000 gal
e Installation, piping, elec, etc. = 24,500
Total Estimated Capital Cost = $73,500
b) Operating Costs = $3,700/yr

* Some existing monitoring wells may be converted
to recovery wells which would reduce this cost.
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TABLE H-2

CAPITAL AND OPERATING COSTS OF
TOTAL RECOVERY SYSTEM*

Cumulative Annual Cumulative
Capital Capital Operating Annual
Cost Cost Costs Op Costs
Basic Module $661,500 $661,500 $ 33,300 $ 33,300

* Nine Recovery Modules

The time required for remediation is dependent on many indeter-
minate variables, the most significant of which is the rate of move-

ment of the hydrocarbon through the subsurface soil matrix.

Based on the hydrogeologic conditions at the site, the estimated
effectiveness of recovery pumping, and the approximate volume of
hydrocarbon in the subsurface within Module 1, it is estimated that 90
percent hydrocarbon recovery will take approximately 3.7 years. This

estimate is based on:

1.  An average per well yield of 1.5 gallons per minute,
2. Four pumping wells within the module,

3. A surficial area of 250,000 ftZ,

4. A mean hydrocarbon thickness of 2 feet in the subsurface,
5. Effective porosity of subsurface materials of 0.35, and

6. Ten percent recovery rate of hydrocarbon from total fluids

pumped.
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The above mentioned estimate of time for recovery should be
viewed only as an "order of magnitude" estimate. This estimate
assumes recovery of existing hydrocarbon in the subsurface with no
additional accumulation or migration of hydrocarbon within the area of
influence of the module. Recovery rates generally decrease rapidly as
the recovery effort proceeds, and long-term recovery rates could be
significantly lower than assumed for this time estimate. In many
cases, the volume of hydrocarbon recoverable from the subsurface is

significantly lower than assumed for this estimate.
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EJECTOR SYSTEMS, INC.

Into every industry there comes a time when a
new solution is found to an age-old problem.
A solution so simple it redefines not just the
practical aspects of the problem, but the
economic ones as well.

Introducing the ESI Well Ejector System. It
represents a new level of both performance and
dependability in the recovery of liquid hydro-
carbon contaminates from groundwater.

THE FIRST LAW OF MAINTENANCE:
SIMPLE IS ALWAYS BETTER.

In the search for a superior pumping system, it
became necessary to abandon the conventional.
Applying technology for the sake of perfor-
mance instead of gimmickry, ESI perfected the
all-pneumatic ejector pump. The result is a
dramatic-improvement in both performance
and reliability over conventional pumping
methods.

The ejector’s all-pneumatic design is the
ultimate in simplicity. There are no impellers
or high-speed moving parts to break down. In
fact, except for the pair of check valves, there
are no moving parts in the ejector at all. With
none of the inherent maintenance problems of a
centrifugal pump, the ESI ejector can easily
handle silted conditions or even highly corrosive
materials. The ejector can operate at conditions
far below designed flow rates without com-
promising performance. Also, there are no
electric motors, controls or friction-causing
moving parts in the well; fire and explosion
risks have been all but eliminated. For install-
ations calling for explosion proof equipment,
air operated controls can be supplied, making
the entire system intrinsically safe.

The bottom line is a stronger, safer, more
dependable pumping system that’s easy to
install, easy to operate, and easy to maintain.

FINALLY, A PUMPING SYSTEM THAT
RESPECTS THE FACT THAT OIL AND
WATER DON’T MIX.

Keeping the hydrocarbon and groundwater
layers separate is a basic goal of contaminant

recovery. Yet the inherent design of centrifugal
pumps, spinning at 3450 RPM, does exactly
the opposite. Whenever product and water enter
a centrifugal pump the two are invariably
mixed, whipping them into an emulsion and
making topside separation extremely difficult.
Not so with the ESI ejector. Its steady, gentle
air pressure does not mix hydrocarbon and
groundwater layers. Topside separation is fast
and efficient. Thus a single ejector can be
used to pump both layers, making the simplicity
and savings of total fluids recovery a reality.

ESI EJECTORS: EVOLVED IN THE FIELD,
NOT ON THE DRAWING TABLE.

ESI ejectors are more than just a good idea,
they’re a proven one. The ejector’s unique design
allows for a high degree of flexibility, and

all systems are custom designed to fit the
specific job and its needs. Ejectors can be top
or bottom fill. They can be used in single or
dual configuration, and can operate separately
or stacked in combination. Flexibility also
means well size, as ejectors can easily operate
in 4 inch or smaller diameter “observation”
wells. Remote control panels offer a high degree
of flexibility, too, with precision, even simul-
taneous control of multiple ejectors, each up

to 200 feet away.

PERFORMANCE BACKED BY
PERFORMANCE

With a growing client list that includes many
major oil companies, ESI is rapidly becoming
the experts’ choice for groundwater contamina-
tion problems. ESI offers a proven, superior
product, custom engineering, turn-key instal-
lation and maintenance, even an exclusive one
year, unconditional warranty on products

and service. And all at prices that are very
competitive.

For further information or references, please
call ESI at 312/543-2214 today. We’ll be
proud to show you how ESI has become the
industry’s innovator.
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TOTAL FLUIDS

In the search for a more efficient, more
reliable way of recovering contaminates from
groundwater, ESI] has taken its “simpler is
better”’ philosophy yet another step. Intro-
ducing total fluids pumping. Depending on the
specifics of your job site, total fluids pumping
could be the simplest, most efficient and
least expensive recovery method available.

ESI DISMISSES THE NOTION THAT
GOOD ENOUGH IS GOOD ENOUGH.

The ESI ejector pumps’ unique features have
allowed us to go beyond the traditional
drawdown and product pump design to a
very simple, efficient concept: pump both
product and groundwater together. The ESI
ejectors’ gentle air pressure does not mix
product and water, as would conventional
centrifugal pumps, so topside separation is
fast and efficient. Maintenance is minimal,
because the only moving parts in the well are
two rugged check valves. All controls are
conveniently located in a remote box which
can be up to 200 feet away. Multiple well
pumps can efficiently be controlled from a
single panel. Plus, the control panel can be
built for all-pneumatic operation, for an
intrinsically safe system. ESI total fluids
ejector pump systems also mean you can
drill smaller diameter, less expensive wells
for recovery. For example: an ESI total fluids
pump in a 4 inch well can easily deliver 15
GPM. ESI pumps can even operate in wells
as small as 2 inches in diameter. ESI ejector
pumps are available with top, bottom, or top
and bottom intakes. An optional extension
allows for water intake from deeper in the
well. And ESI pumps, like all ESI products,
are covered by an exclusive one year,
unconditional warranty.

PATENT PENDING
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EJECTOR CYCLE

PATENT PENDING

B

C

Figure 2

B

C

Figure 3

The ESI ejector is as efficient as it is simple.
The ejector is alternately pressurized by a
timer controlled solenoid valve, and can be
controlled up to 200 feet away without
significant loss of efficiency.

In figure 1., solenoid valve is “off’
allowing the vessel to vent air and fill through
valve A.Valve C. is kept closed by back

pressure from discharge line.

As the solenoid valve switches in figure 2.,
the vessel is pressurized. Valve A.is forced
closed as C. opens and the vessel quickly
empties.

As vessel is emptied in figure 3., the
solenoid once again turns “off;’ and vents the
vessel. Back pressure immediately closes C.,
and A. opens to fill as the cycle repeats.
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CONTROL PANEL

A purnuping system is only as good as what
controls it. That’s why at Ejector Systems,
Inc. our control panels are designed and
built to the same exacting standards as our
ejector pumps. The result is a TOTAL
pumping system that offers more depend-
ability and flexibility than has ever before
been available for the removal of hydrocarbon
contaminates from groundwater.

AT LAST A PUMPING SYSTEM WITH ALL
ITS CONTROLS IN ONE PLACE

The ESI control panel is as simple as it is
ingenious. Based on a hassle-free, time
controlled air valve, the ESI control panel is
a reliable system that’s easy to operate, and
easy to maintain. The durable air valves
themselves have cycle lives on the tens of
millions of lubricated cycles. All controls are
sensibly located in one remote box, so unlike
other systems, there are no controls at all
down the well. Even well levels are accurately
read back at the control panel.

TECHNOLOGY FOR THE SAFE
PERFORMANCE, NOT GIMMICKRY.

In the pursuit of a rugged, reliable control

panel, ESI rejected fancy, overlv-complicated
electronics. Instead, all our controls are
hardwired for dependability and easy trouble-
shooting. Even if something does malfunction,
all ESI controls are modular for fast, simple
replacment. In fact, ESI control panels are

so simple, no special skills are required for
operation or repair. And ESI control panels,
like all ESI products, are covered by an
exclusive one year, unconditional warranty.

FLEXIBILITY. BECAUSE NO TWO JOB
SITES ARE ALIKE.

ESI disdains the rigidity of many systems
by offering a wide selection of control panel
configurations and options. And with
whatever type of single or dual pump system
you choose, the ESI control panel can easily
control multiple pump systems, up to 200
feet away.

Control panels are available for the
traditional two pump configuration, with
separate drawdown and product pumps. Also
available are single panels for total fluid
systems utilizing one or more pumps. And,
of course, single product pump controls, for
single or multiple pump systems.

TOTAL FLUIDS PANEL

E. Solenoid valve
F. Shut off valve
G. Vent tube

A. Timer

B. Fuses

C. Filter regulator
D. Lubricator

PATENT PENDING
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TWO PUMP SYSTEM

Ejector Systems Inc. brings a new level of
dependability and flexibility to the industry
accepted contaminate recovery method of
separate drawdown and product pumps.
Utilizing ESI’s unique ejector pumps,
significant flow rates can dependably be
achieved even from well sites as small as

4 inches in diameter.

PERFORMANCE YOU CAN DEPEND UPON.

Just how much can ESl ejector pumps deliver?
Example: An ESI 2-pump operating in a

4 inch diameter well can consistently deliver
15 GPM of groundwater and .75 GPM of
product at the same time. In a 6 inch well,
ESI pumps deliver 50 GPM of groundwater
and 1 or more GPM of product. And, of

PATENT PENDING

course, the larger the well, the higher
the flow rate.

But flow rates are only part of the story.
ESI's unique ejector design offers significant
advantages over conventional centrifugal
pumps. The ejector’s gentle air pressure
does not mix product and water, so topside
separation is fast and efficient. There are a
minimum of moving parts; only 2 rugged
check valves per vessel. There are no filter
devices to malfunction or clog. ESI ejectors
have no electrical components or control
functions down the well. In fact, all controls
can be conveniently located up to 200 feet
away from the well site, even in multiple pump
set-ups. And ESI pumps, like all ESI products,
are covered by an exclusive one year,
unconditional warranty.

PATENT PENDING
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TWO EJECTOR PANEL

PATENT PENDING
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To further customize the pumping system to
fit the specific needs of your job site, ESI
offers a variety of important control

panel options:

1. An automatic control that maintains liquid
level in the well.

2. A simple hydrocarbon sensor that prevents

+.

L
product from accidentally getting into the
drawdown pump.

. A high-tank shut off that automatically

shuts off product pump when its tank is
full, preventing product tank overtlow.
The ultimate intrinsically safe system: an
all pneumatic control panel. Every function
is all-air logic, all-air control.
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* BECAUSE GROUNDWAT
~ CLEAN-UP CANT WAIT.

- PULSEPUME

Get into action with Pulse Pump™
in as little as one week.

Groundwater contamination is a complex
problem that demands your immediate atten-
tion. And action. When you go into action, you
have to be prepared to deal effectively with
floating layers, sinking layers, anything in-
between, and leachate. Serious problems that
demand a serious solution.

When you're faced with the problem of
contaminated groundwater, you can start
clean-up quickly with Pulse Pump at a fraction
of the cost of other systems. The all-pneumatic
Pulse Pump system’s simplicity, ruggedness
and versatility make it the value leader.

Ask the experts. People like Frank Ferraro,
President of Advantech, Hydrocarbon
Recovery Specialists:

A
-

Pneumatic
Controller

'l

deliver promptly from our complete stock.
One person can install the pumps in minutes
with a few quick tubing connections.

The modular design of the Pulse Pump
system lowers your cost and gives you max-
imum flexibility in matching your needs. Any
pump you choose for size and function will
work with any of our controllers. And you
get the versatility of being able to expand or
change the system later. You can even change
Pulse Pump from floating layer pumping to
general purpose pumping simply by threading
on a different inlet adapter.

Pulse Pump’s pneumatic design elimi-
nates the installation costs, operating hazards
and break-downs of electrical systems. With
Pulse Pump, you can even use existing 2-inch
wells. This means savings and value from pur-
chase to installation to maintenance.

When the challenge is groundwater clean-up, get into ac-
tion with Pulse Pump.

Call now for your free Pulse Pump Application Guide
or immediate help from an Application Engineer at

[RULSELPUMP

Solving groundwater clean-up, leachate and product recovery problems.
@D Envircnmental
Systems, Inc.

6095 Jackson Rd.. P.O. Box 3726, Ann Arbor. Ml 48106
800/624-2026 In Michigan, 313/995-2547 In Canada. 519/435-0290

“Pulse Pump goes to work right off the shelf... it’s the bes! look
ing system ['ve seen out of the box. It fills a need for a cost
effective recovery system.”

Pulse Pump goes right to work for you because it's a mod-
ular system of pneumatic pumps and controilers that we can

1-300-524-2026
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PNEUMATIC PUMPING SYSTEM

PulsePump, the automatic pumping easy installation and economical maintenance,
system from QED Environmental Systems, and the pump, controller, and level sensor all
Inc., is designed to provide continuous operate pneumatically for greater safety and
pumping of explosive, contaminated and reliability.

hazardous liquids. Its simple design allows

PulsePump Systems feature:

¢ Small Diameter. PulsePump’s ability to fit casings down to 2” diameter
allows cost savings in pumping system design and installation.

¢ An All-Pneumatic Pumping Mechanism. Reduces costly downtime
while providing high reliability and low maintenance.

¢ All-Pneumatic On/Off Level Controls and Logic. Intrinsically Safe.
No electrical power or batteries are required.

¢ Inert Materials of Construction. Provides longer system life when
the entire system is constructed of inert materials.

¢ Flow Totalization. Simplifies the determination of pumped volumes
with an accurate, yet rugged design.

Each riser or recovery well may be operates. This system can pump at 0.25 to
equipped with a pump, cap, tubing, 1.5 GPM up to 150 feet vertically and several
controller and exhaust valve. In this con- thousand feet horizontally and to the almost
figuration, when the liquid depth over the dry condition of only several inches of water
level probe exceeds several inches, pump over the pump’s bottom intake.
operation begins. It ceases when the liquid The flow totalizer measures flow by an
level drops. accumulation tank FILL/DISCHARGE action

Up to six risers may be pumped from one that gives reliable measurement of low flows
controller continuously. In this configuration and contaminated liquids without electric
each riser is equipped with a remote well power.

operator which the single, central controller

Flow Totalizer

Controller

4 =]
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PNEUMATIC PUMPING SYSTEM

PUMPS

¢ Gas displacement design, with intake
screen and level control bracket.

¢ All PVC, Polypropylene, and Teﬂon
construction.

¢ Liquid flow rates range from 0.25to 1.5
GPM (depending on pump submergence
and discharge pipe configuration).

¢ Dimensions: 2.88” O.D. x 15" L (4" models)

1.66" O.D. x 20" L (2" models)

CAPS

e Available to fit 2" and larger pipe and
provide terminal fittings for both operating
air and liquid discharge.

TUBING

¢ Polyethylene, cross linked Polyethylene,
Teflon and UV Protected tubing available.
0.75" O.D. discharge tube
0.50" O.D. air supply tube
0.25" O.D. level probe tube

CONTROLLERS

¢ Three models to meet your system needs:
Continuous pumping or with on/off level
control.

¢ Liquid level is detected by the bubbler tube
principle with the response point adjusted
by positioning the level probe height, in
on/off level control models.

¢ Pump refill and discharge cycles and
operating pressures are adjustable to attain
desired pumping performance.

e All pneumatic operation gives intrinsically
safe performance.

® Requires 3.0 SCFM at 100 PSI air supply for
maximum pump performance.

* Mounting bracket allows easy clamping to
vertical pipe or casing.

¢ Dimensions: 14”"L x 10.5"W x 7.5"D

REMOTE WELL OPERATOR

* Used to operate remote pumps from one
controller, inexpensively.

EXHAUST VALVES

¢ Quick exhaust valve, positioned on the air
line beneath the cap in the 4” model and
above the cap in the 2" model, vents com-
pressed air during the pump refill cycle.

FLOW TOTALIZER

¢ High density, polyethylene accumulator
tank measures total flow volume by
counting FILL/DISCHARGE cycles.

¢ 2" inlet spigot; 3" outlet spigot.

* Requires gravity discharge condition.

¢ Dimensions: 22" dia., 3.5'H

Call 1-800-624-2026 to speak with our
applications engineers about your recovery
pumping needs and to receive our detailed
PulsePump Application Guide.

*Teflon is a registered trademark of Dupont

Form No. 66 Lith 1/87 SM

@D Enwronmenfal

PO. Box 3726, Ann Arbor, Ml 48106
800/624-2026  In Michigan, 313/995-2547
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Pnuematic Pumping System

Applications

The following diagrams illustrate some of the many uses of the Pulse Pump Pneumatic

Pumping System .

In the diagram, Pulse Pump is partially submerged in a
column of contaminated liquid. An optional bubbler tube
and on/off level control are to the left of the pump. On/off
level control is useful in risers that recover more slowly than
the pump's flow rate. It insures that the pump operates only
when liquid is available to pump.

Since all liquid contacting parts can be constructed of
Teflon*, polypropylene or PVC, Pulse Pump can be used
with a wide range of corrosive and/or organically
aggressive liquids.

Bubbler tube
Discharge tube

Air supply tube

Pulse Pump
body

Pulse Pump is shown here partially submerged in a
floating layer. Pulse Pump can pump liquid down to within
4 inches of the pump bottom, allowing recovery of floating
layers thicker than 6 inches. A bubbler tube and on/off
level control are available if the floating layer recovers
more slowly than the pump's flow rate.

As above, availability of the pump in a wide range of
materials allows Pulse Pump to be used with most
aggressive organic solvents.

Also, since the Pulse Pump operates pneumatically, it is
safe for explosive liquid pumping.

*Teflon'is a registered trademark of the E.I. DuPont Corporation

Floating

layer

Water

QED

Environmental
Systems, Inc.

P.O. Box 3726, Ann Arbor, M1 48106
800/624-2026 In Michigan, 313/995-2547
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Pnuematic Pumping System

To pump a sinking layer, Pulse Pump fills from the bottom
through a 2 inch screen, so that the sinking liquids fill the
pump. The wide selection of materials available for the
liquid contacting parts allows Pulse Pump to be used with
most types of sinking layer organics.

Soon to be available: an automatic level control which will

Water
turn the Pulse Pump on and off in response to the thickness
of the sinking layer.
Sinking
layer

Yy

An optional thin layer recovery inlet is available for Pulse
Pump. This attachment allows Pulse Pump to recover thin
floating layers by moving the effective pump inlet from the

Pulse Pump
bottom of the pump to the very top. The floating layer flows

over the top edge of the inlet and fills Pulse Pump . By W\ Thin
adjusting the number of pump cycles and the pumping =1 floating
duration, an economical and reliable floating layer recovery [ layer

system can be configured. &= Thin
. in layer
Ir¥let

rl'lﬁrl'C . l:
'

E D Environmental
Systems, Inc.

P.0O. Box 3726, Ann Arbor, M} 48106
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Pulse Pump® Applications

Pnuematic Pumping System

Pulse Pump, teamed with an electric submersible
drawdown pump, will recover a floating layer from a
high recovery well. Pulse Pump is moved up or down
in the recovery well as needed to maximize recovery
effectiveness.

—
Pulse Pump operates pneumatically, making it ideal for :IEI = Pulse Pump

the recovery of explosive liquids. & with thin '?gflz:

(R 77707/)

Vratites
ettty

Drawdown
pump

E Environmental
Systems, Inc.
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The Slant Rib

Coalescing Separator
is a highly effective

gravity separator
for the removal of
dispersed oil

and solids from
water. :

GENERAL INFORMATION

The Great Lakes Slant Rib Coales-
cing (SRC) Separators are capable
of effectively separating oils and
solids from water where the oil and
solids have a specific gravity differ-
ent than that of water. The SRC per-
formance is superior to other gravity
coalescing units for the separation
of dispersed oil and settleable solids.
Effluent concentrations of dispersed
oil are less than 10 mg/L. The SRC
Separators are Y% the volume and as
little as i the length of straight
gravity separators.

The Slant Rib Coalescers are
installed in rectangular tanks con-
taining special baffles and weirs
designed to direct flow, skim oil
and control the liquid levels in the
separator. Pitched sludge com-
partments are provided below
the separation chamber for easy
sludge removal.

The separators are available in
standard models with capacities
from 5 GPM to 2000 GPM. They can
be installed above grade, flush with
grade, or below grade as required.
The separators can operate entirely
by gravity or pumps can be sup-
plied for product or effluent
transfer when required.

DESIGN

When certain materials are
placed in the waste water flow,
removal efficiencies of oil increase
due to impingement on their sur-
faces. Plastic media is particularly
effective because of its oleophilic
{oil attracting) characteristics. As
fine oil droplets impinge upon or
pass close to the plastic surface,
they are attracted to it and adhere.
Additional droplets continue to be
attracted and coalesce or merge
with previous droplets to produce

much larger droplets. At a point,

DENSE COALESCING
PACK (©0oriovas)

N

NON-CLOG:
DIFFUSER

the droplets are
large enough to
break free and rise
rapidly to the surface
where they are skimmed
or decanted. This coalescing

action allows removal of smaller
droplets than is possible with a
straight gravity separator.

The effectiveness of any par-
ticular coalescing media is
governed by several variables;
density, available surface area,
velocity and direction of flow and
shape of the media. All of these
variables influence the potential
contact area, so it becomes of par-
ticular importance to form the
media properly to maximize con-
tact while minimizing blinding. The
Slant Rib Coalescing (SRC) media
pack was designed with considera-
tion of all these factors. The SRC
media provides greater coalescing
and solids separation area than any
other media currently available.
The patented shape and specific
spacing of the plates provides max-
imum protection from blinding,
while providing a series of inclines
that enhance solids separation and
a tortuous path through which the
water must pass. This continuous
change of direction insures a high
degree of oil droplet contact on the
plate surface with resultant coales-
cence and oil removal. The ribs are
slanted toward the surface in the
direction of flow, encouraging sepa-
rated oil to float to the surface along
the plates before breaking free.

OPERATION

Inlet and Diffusion Chamber
Flow enters the inlet chamber
where it is dispersed through a
non-clog diffuser across the width
and depth of the media pack.
Larger solids drop out here into

CLEAN WATER
CHAMBER

oin
RESERVOIR

SRC PACK

COMPARTMENT

the sludge chamber before
entering the pack.

Separation Chamber

The separation chamber is
filled with the SRC media pack.
The ribbed plates are arranged
vertically in the direction of flow,
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FRONT VIE! SIDE. VIEW
spaced %" apart. When looking at
the side of the media pack the ribs
run from the bottom of the inlet
side to the top of the outlet side on
a 45° angle. The depth of the ribs is
more than twice the distance of the
spacing creating an overlap condi-
tion. This causes the flow to zig-zag
around 90° corners throughout the
pack, causing resistance to flow,
collisions of the droplets 20
microns and larger with the plates
and coalescence. The coalesced oil
has the least restricted path to exit
the waste stream, and slides to the
surface on the underside of the rib.

COALESCING
OlL OROPLETS

PATH OF WATER
TOP VIEW

An optional Dense Coalescer Pack
(DCP) is available when additional
polishing is desired.
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SLANT RIB COALESCING SEPARATOR

Clean Water Chamber

The clean water leaving the
SRC media pack passes under an
oil retention baffle and into the
effluent or clean water chamber.
From there, the clean water passes
over a weir which maintains the
liquid level in the separator. The
clean water flows by gravity
through a *“T"’ pipe outlet or
effluent pumps can be provided.
The 'T" pipe provides an excellent

Solids entering
the pack encounter a
55° angle of inclina-
tion created by the
ribs which is opti-
mum for solids
settling. The solids
slide down the top of
the rib and fall to the
next rib, gathering
mass and velocity as
they near the bottom

of the pack and drop spot for sampling.

into thi sludge cham- FRONT View Covers

ber. The horizontal projected area " Hatches are provided for easy
of the top side of the ribs provides a access into the separator. Sealed,
conservative 0.20 GPM per square vapor tight hatches are available.
foot separation rate at design loadings. Lifting lugs are provided on the

media packs and on the separator.
Sludge Chamber

The sludge chamber is located MATERIALS OF
directly beneath the separation CONSTRUCTION
chamber and provides adequate Materials of construction
volume for the settled sludge. The include ¥%" thick Class A carbon
sides of the sludge chamber are steel, stainless steel and fiberglass.
sloped 45° to insure easy and com- The standard Slant Rib Coalescing
plete removal of the sludge. media is fiberglass reinforced

plastic (FRP) with special addi-

Oil Removal tives to make the plates highly

The separated oil accumulates oleophilic. The plates can also be
at the surface of the separation supplied in stainless steel. Fiber-
chamber where it displaces the glass separators are constructed
water. As the oil layer increases. oil with an exterior welded steel frame
spills over a weir into an oil reser- encased in fiberglass for corrosion
voir where it can flow by gravity or protection. All steel tank welds are
be pumped automatically to remote Magnaflux tested in accordance
storage tanks. with military specifications.

Coalescer Media Packs
sold separately for upgrading
existing gravity separators.

COATINGS

Above grade carbon steel tanks
are coated on the exterior with coal
tar epoxy. Flush with grade and
below grade carbon steel tanks
have asphaltum exterior coatings.
Steel separators are supplied with a
standard interior coating of zinc
primer. Special interior and exte-
rior coatings are available.

AVAILABLE OPTIONS
Flow control package
Water Pump out system .
Recovered Oil Pump Out System
Effluent Oil Monitor
Heaters for freeze protection
Dense Coalescing Pack
Sludge Pump Out System
Design Flexibility to Satisfy Your
Application
APPLICATIONS
Automotive
Airports
Bus Terminals
Bulk Plants
Chemical Plants
Fabricated Metal Plants
Glass Factories
Military Bases
Oil Fields
Petroleum Plants
Pulp and Paper Mills
Parking Lots
Railroad Yards
Textile Mills
Tramp Qil
Truck Terminals
Utility Companies
Wash Racks

For further information contact
Great Lakes Environmental, Inc., or
our local representative. We will be
glad to assist you in selecting a prop-
erly sized unit for your application.
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‘Slant Rib Coalescing Oil/Water Separator
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DIMENSIONS, WEIGHTS & CAPACITIES
Coalescing | Settling
wopeL | A | B | e | o e | e | [N | ™ | Tarea® | fmmy | operacine
SRC-15 2.7 18.0'|5.00} 3.5 3.0 3” 1 1 360 90 1260 2700
SRC-30 2.7 {8.0'6.0'}|4.5'| 4.0 3” 1 1 720 180 1720 4120
SRC-50 2.7 {8.0°’]7.0'}|5.5'] 5.0’ 4" 1 1 1080 270 1840 5190
SRC-75 3.7 | 8.0'{7.0'| 5.5’ | 4.9' 4" 1 1 1620 405 2130 7160
SRC-100 3.7 {9.5'}17.9'{6.5|5.7 6" 1 1 2160 540 3380 10650
SRC-150 5.7 [9.5']17.9'|6.5"|5.7 6” 1 1 3600 900 4800 16920
SRC-200 6.7’ |9.5°|17.9"}|6.5’| 5.5’ 8” 2 1 4320 1080 5380 19920
SRC-250 8.7' |9.5'|7.9'| 6.5 | 5.5 8” 2 1 5760 1440 6540 25930
SRC-300 9.7' |9.5'|7.9°16.5’ 5.3 10”7 2 2 6480 1620 7251 29060
SRC-400 12.7° [ 9.5’ (7.9’ | 6.5’ | 5.3’ 10" 3 2 8640 2160 9120 38200
SRC-500 15.7 19.5' | 7.9’ | 6.5’ | 5.3' 10" 3 2 10800 2700 10990 47340
SRC-600 18.7’19.56"]17.9' | 6.5’ | 5.3’ 10" 4 3 12960 3240 12860 56680
SRC-700 21.7'19.5'1 7.9’ 6.5'{ 5.3"| (2) 10" 5 3 15120 3780 14730 65630
SRC-800 24.7' (9.5’ 17.9' 6.5’ 5.3 (2) 10" 5 3 17280 4320 16600 72760
SRC-900 27.7"19.5'|17.9'[6.5°|5.31(2)10” | 6 4 19440 4860 | 18470 83910
SRC-1000 | 30.7' | 9.5’ 1 7.9’ | 6.5" } 5.3’ | (2)10" 6 4 21600 5400 | 20340 93050
SRC-1100 | 33.7' | 9.5 | 7.9’ | 6.5' { 5.3’ | (2) 10" 7 5 23760 5940 | 22210 102190
SRC-1200 | 36.7* [9.5’ | 7.9’ | 6.5 | 5.3"| (2)10" | 8 5 25920 6480 | 24080 | 111330
SRC-1300 { 39.7° | 9.5’ | 7.9’ | 6.5’ | 5.3 | (3)10" | 8 5 28080 7020 | 25950 | 120470
SRC-1400 { 42.7° 19.5' 1 7.9 6.5’ | 5.3} (3)10" | 9 6 30240 7560 |} 27820 | 129610
SRC-1500 { 45.7’ 1 9.5’ [ 7.9’ | 6.5’ | 5.3’ | (3)10” | 9 6 32400 8100 | 29690 | 138750
SRC-1600 | 48.7' | 9.5’ | 7.9’ | 6.5’ | 5.3’ | (3)10” { 10 6 34560 8640 | 31560 | 147890
SRC-1700 | 51.7’ | 9.5’ | 7.9’ 1 6.5’ | 5.3' | (3)10” | 11 7 36720 9180 | 33430 | 157030
SRC-1800 | 54.7' [ 9.5’ | 7.9’ | 6.5’ | 5.3’ | (3)10” | 11 7 38880 9720 | 35300 | 166170
SRC-1900 | 57.7' | 9.5’ | 7.9’ | 6.5’ | 5.3" | (4)10” | 12 8 41040 10260 | 37170 | 175310
SRC-2000 | 60.7' | 9.5’ | 7.9’ | 6.5’ { 5.3’ | (4) 10" | 12 8 43200 10800 | 39040 | 184450

Dimensions and capacities are for reference only and are not to be used for construction.

Model No. represent nominal flow rates in GPM,

-
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ACTIVATED
,, CARBON

DISPOSORE’ | pns:

DISPOSORB has been developed by Calgon Carbon Corporation for
cleanup of off-spec product batches, accidental spills, contaminated
rainwater in tank-farm containment dikes, and many other uses. It is the
first disposable, compact, granular activated carbon adsorber providing
all the essentials of a full-scale system. Available in two sizes, 350 gallon
capacity and 55 gallon capacity.

DISPOSORB applications

B Hazardous/Toxic Dissolved Organic Removal

O Process Stream Purification 0 Monitoring Well Discharges

O In-Plant Spill Treatment O Dechlorination

O Laboratory Bench Drains O Decolorization of Liquids

O Storage Tank Washdown O Small Wastewater Streams
B Evaluation of Adsorption for Liquid Processes

O Feasibility Studies 0 Laboratory Investigation

0 Pilot Plant Studies
® Tandem KLENSORB 100/Granular Activated Carbon Operation
O Multicomponent Treatment O Gasoline From Groundwater
( 1 Hazardous Waste Lagoons

Downflow outlet—__ V Downflow inlet

AR -, NPT top connection for

liquid intet and outlet

Connections are:
2 NPT w/1 NPT nipple outlet and a
2 Butress thread wi3% NPT nipple

Downflow inlet Downflow outlet

Container is V4 x /

polyethylene.
Approx. 44 D x 67 H

Contains approx.

" 1000 Ibs.of Filtrasorb®
granular activated

carbon making it

effective for organic

removal.

Contains approx.
165 Ibs. of
Filtrasorb* granular
activated carbon.

Easy entry for \ Specially designed base

frok lift handling for stable storage and use. Container is HMWPE
350 gal and 55 gal DISPOSORBS—The unique, low-cost ap- approximately 23 D x 36 H
proach for on-the-spot liquid phase uses. Poliution Control,

\ Process Purification,

Bulletin 27-73¢



how DISPOSORB works

DISPOSORB contains granular activated carbon which removes dis-
solved organic pollutants from water by a process called adsorption. As
water passes through the porous granules of activated carbon, molecules
of the organic pollutants are attracted to the surface of the pores and are
held there by weak physical forces. The phenomenon is somewhat similar
to iron filings being held by a magnet.

The ability of granular activated carbon to remove large quantities of
organic impurities is a function of its highly developed internal pore
structure. This unique pore structure is created during the manufacturing
process, which involves the crushing and thermal “‘activation’ of select
grades of bituminous coal under carefully controlled conditions. As a
result of this processing, an extensive network of pores is created inside
each carbon granule, providing an enormous internal surface area.

Granular activated carbon’s great porosity is responsible for its high
capacity for trapping and holding organic molecules. For example, just
one pound of carbon granules has an effective total (external and inter-
nal) surface area equal to that of a 100-acre farm.

In general, the adsorption capacity for non-polar organic compounds
increases with concentration, molecular weight and decreased solubility.
Compounds which adsorb well are aromatic and unsaturated aliphatic
compounds and halogenated solvents.

Low-molecular-weight (less than 50) and/or high-polar compounds,
highly soluble in water—such as formaldehyde, alcohols, glycols— will
not be readily adsorbed.

When the concentration of organic wastes in the effluent equals the
concentration in the influent, the DISPOSORB unit is saturated with the
maximum organic loading possible.

the inside story

Each 350 gallon DISPOSORRB is filled with approximately 1000 pounds
of either Filtrasorb 300 or Filtrasorb 400 products. These carbons are
manufactured from select grades of bituminous coal to produce a high
density, high surface area, durable granular product suitable for use in
either potable or wastewater applications. The 55 gallon DISPOSORB is
filled with approximately 165 pounds of either of these carbons. The
DISPOSORB may be ordered with other types of carbons for use in
unique applications. In addition, DISPOSORB units can be provided
with Klensorb 100. Klensorb 100 is a granular absorbent media which
removes insoluble oil (both free and emulsified) and similar heavy

organic compounds from water. Klensorb 100 units can be used for treat-

ment independently or in tandem with carbon units.

The internals of the DISPOSORB are a combination of PVC and
stainless steel. In applications involving contaminants which attack these
materials, alternative internal construction materials can be ordered.

DISPOSORB units are constructed of polyethylene. They are not
suitable for applications where solvents of high-density polyethylene are
present in large concentrations or at temperatures above 100°F.

how to ensure efficient utilization of DISPOSORB

The stream entering the DISPOSORB unit should have less than 50 ppm -

suspended solids or prefiltration may be necessary. A flow of 30 gpm will
provide 10 minutes contact time per 350 gallon DISPOSORB unit. Flow
in the 350 gallon DISPOSORB unit should not exceed 30 gpm. A flow of
10 gpm will provide 5 minutes contact time per 55 gallon DISPOSORB
unit. Flow in the 55 gallon DISPOSORB unit should not exceced 10 gpm.

Contact time and organic removal efficiency will be enhanced by using

multiple DISPOSORB units in parallel or series mode operation.
Depending upon the specific application, consideration should be given
to using a vacuum-break or anti-siphon loop to ensure the DISPOSORB
is flooded.

Monitoring the influent to the final DISPOSORB in series mode is a

Kgood precaution against effluent breakthrough.

o)
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350 gallon DISPOSORB units 44’diameter by 67’ high may be
prepared for operation using hose connections of hard pipe. Connections
are male 1% "’NPT inlet and outlet. Calgon Carbon has available hose
harnesses for this purpose as optional equipment. The whire connection
is the inlet for downflow operation. The outlet is grey. The DISPOSORB
is not recommended for upflow operation.

55 gallon DISPOSORB units 23’ diameter by 36’ high may be
prepared for operation using hose connections or hard pipe. Connections
are %'’ NPT inlet and 1’ NPT outlet.

DISPOSORB units are not designed for operation under pressure. The
units have been tested under pressure and are recommended for opera-
tion under 7.5 psig.

Granular activated carbon must be thoroughly wetted before use to
dispel air and to assure proper contact with the influent stream. To
facilitate use in the field Calgon Carbon has performed the wetting pro-
cedure prior to shipment. Before placing the DISPOSORB unit into ser-
vice, fill the unit through the effluent line. The DISPOSQRB is now
ready for use in the normal operating mode.




- disposal

Depending upon what materials are adsorbed on the carbon, the storage,
transportaion and disposal of the spent carbon may be subject to
Federal, State and local regulations as a hazardous material.

transporting adsorber units

DISPOSORB adsorber units may be easily moved by sling or forklift.

Shipping weight for the 350 gallon DISPOSORB units containing
granular activated carbon is approximately 2500 pounds. Spent units can
be expected to weigh about 2500 pounds after water is drained via siphon
on the effluent line or 1 psi air pressure connected to the influent line.

For 350 gallon DISPOSORB units which contain Klensorb 100, shipp-
ing weight is approximately 2800 pounds.

Shipping weight for the 55 gallon DISPOSORB units containing
granular activated carbon is approximately 350 pounds. Spent units can
be expected to weigh approximately 350 pounds after water drain.

For 55 gallon DISPOSORB units which contain Klensorb 100, ship-
ping weight is approximately 400 pounds

precautions

Wet activated carbon preferentially removes oxygen from air. In closed
or partially closed containers and vessels, oxygen depletion may reach
hazardous levels. If workers are to enter a vessel containing carbon, ap-
propriate sampling and work procedures for potentially low-oxygen
spaces should be followed, including all applicable Federal and State re-
quirements.

warranty

There are no warranties either expressed or implied or any warranty of
merchantability or fitness for a particular purpose associated with the
sale of this product.

For information regarding incidents involving human and environmental exposure, call
(412) 787-6700 and ask for the Regularory and Trade Affairs Department.

For further information, phone (412) 787-6700, or contact:
Calgon Carbon Corporation, P.O. Box 717, Pittsburgh, PA 15230-0717

CALGON CARBON CORPORATION

/

Printed in U.S.A.
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