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1.0 INTRODUCTION

The Atlantic Division Naval Facilities Engineering Command has directed Baker
Environmental, Inc. (Baker) to conduct a treatability study for the shallow aquifer at the
Hadnot Point Industrial Area (HPIA) Operable Unit Site at the Marine Corps Base Camp
Lejeune (CLEJ) in Onslow County, North Carolina. This effort has been conducted in support
of the remedial design for an Interim Remedial Action (IRA) for the shallow aquifer at Hadnot
Point. This IRA has been documented in a Final Record of Decision (ROD) for this Site (Baker,
September 17,1992). The Navy/Marine Corps has obtained concurrence on this IRA from the
State of North Carolina and the United States Environmental Protection Agency (USEPA)
RegionIV.

A detailed description of this Treatability Study, its objectives and management plan, was
presented in the Remedial Design Project Plans for the Shallow Aquifer at the HPIA Operable
Unit, submitted by Baker in January,1993. This report includes a summary of the
Treatability Study project description and presents the results of the Treatability Study

activities along with recommendations based on these results.

1.1 Site Description

Camp Lejeune covers 170 square miles and is located just north of Jacksonville, North
Carolina in Onslow County. The base is bounded to the southeast by the Atlantic Ocean, to
the northeast by State Route 24 and to west by State Route 17 (Figure 1-1) . This base is
primarily a training facility and includes necessary support personnel and industrial support

activities.

The HPIA was the first facility at MCB Camp Lejeune and was constructed in the 1940's.
Currently, HPIA is comprised of approximately 75 buildings that include: maintenance shops,
refueling facilities, warehouses, storage yards, rail facilities, a steam generation plant, a
training facility, a fire station, dormitories, a snack bar, administrative offices, commissaries,

and a dry-cleaning facility (Figure 1-2).
A former fuel tank farm (Site 22) is located within the HPIA Operable Unit boundaries. This

site, which is not being administered under CERCLA regulations, is currently being

remediated by a fuel recovery groundwater treatment system.

1-1
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The specific location of the Aquifer and Pilot-Scale Treatability Tests are the 900 Series
buildings located at the northeast end of HPIA on Sneads Ferry Road.

1.2 Waste Stream Description

Previous studies indicate that the shallow groundwater is contaminated primarily with fuel
related compounds, benzene, 1,2-dichloroethene (1,2-DCE), trichloroethene (TCE), solvents,
and metals, such as antimony, arsenic, beryllium, chromium, iron, lead, manganese, mercury,
and nickel. Several compounds were detected at concentrations exceeding the Federal and
North Carolina drinking water standards for groundwater.

Prior to this Treatability Study, the most recent shallow groundwater data was collected in
January 1991 by ESE. Based upon the results of the 1991 sampling, the following compounds
were identified as potential contaminants of concern for the shallow aquifer at the HPIA:
benzene; 1,2-DCE; TCE; antimony; arsenic; beryllium; chromium; iron; lead; manganese;
mercury; and, nickel. Table 1-1 presents a summary of the 1991 shallow aquifer groundwater
data with l;espect to the contaminants of concern. Oil and grease data are not included on
Table 1-1 due to the fact that this analysis was not conducted on any of the 1991 samples. The
maximum concentrations of benzene (7900 ng/L) were detected in a monitoring well
immediately adjacent to the fuel tank farm (Site 22). Maximum concentrations of 1,2-DCE
(42,000 pg/L) and TCE (14,000 ng/L) were detected in the northeast corner of the site (near the
900 series buildings) and in the southwestern portion of the site (near the 1600 series
buildings), respectively. Metals concentrations were elevated throughout most of the site,

especially near the fuel farm (lead).

Based on review of existing data, two major areas of contaminated groundwater (source areas)
have been identified in the shallow aquifer at HPIA as shown on Figure 1-3. The first area or
plume is located northeast of Cedar Street near the 900 series buildings. The other plume is
located southwest of Cedar Street near the 1600 buildings.

1.3 Remedial Technology Description

A description of the liquid treatment processes that were evaluated in the bench-scale and

pilot-scale tests are presented in this subsection.
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SUMMARY OF CONTAMINANTS OF CONCERN DETECTED IN THE SHALLOW GROUNDWATER AQUIFER, JANUARY 1991

Potential
Contéaminants of | HPGW1 | HPGW2 | HPGW3 | HPGW4-1 | HPGW5 | HPGW6 | HPGW7 | HPGW8 | HPGW9-1 | HPGW10 | HPGW11 | HPGW12 | HPGW13 | HPGW14 | HPGW15
oncern
VOC (pg/L)
Benzene §:< 82 5 < § < ; ik 4 5 < 5 < 5 < 5 < 5 < 8 < 5. 5§ < B b-<
1,2-Dichloroethene 73 10 < 10 < 5 < 5 < 5 < b < § < 1200 6 < 8 = 5 < 5 < b & 7
Trichloroethene 91 5 < 5 < 0.9 J § < 5 < 5 < 2 J 14000 5 < 5 < 5 < bie 8. < 4 J
Inorganics (pg/L)
Chromium 87 64.3 16.7 187 36 B 15690 313 91.8 66.4 310 140 25.5 48.9 127 214
Iron 64100 34800 10400 100000 3100 265000 65700 40900 19800 119000 31800 5600 33500 87200 4800
Lead 16.6 29.4 114 66.6 13.6 60.7 112 54.1 128 186 45.2 15.7 9 66.5 16.6
Manganese 168 77 53.9 425 162 487 136 46.5 45 255 103 18.3 30.3 80 18.3
Antimony 133 < 15.6 B 465 B 219 B] 133 < 133 < 2 < 22 176 B 22 < 22 < o < 133 < 133 < 22 <
Arsenic 8 B 24.1 15.6 15.5 15 < 31.5 18.3 28.4 3 B 39.9 9.1 B 1.8 < 47 45.6 18 <
Beryllium 6 1.7 BG 12 B 6.7 086 B 20 48 B 2.1 0.79 B 5.6 21 < 21 < 059 B 27 B 21 <
Mercury 0l < 8l < g1 < 087 8 01 < 14 0.25 0.13 9% <€ 0.82 0.1 B &l < 01 < 0.26 A
Nickel 31.3 B 16.9 B 12.1 B 57 5.2 < 161 50.7 25.2 15.1 B 92.2 23.6 B 11 < 21.2 B 41.6 p & 4
Potential
Congminant.s of | HPGW16 | HPGW17-1| HPGW18 | HPGW19 | HPGW20 | HPGW21 | HPGW22 | HPGW23 | HPGW24-1 | HPGW25 | HPGW26 | HPGW29 | 22GW1 | 22GW2
oncern
VOC (pg/L)
Benzene § < 5 < N/A 5§ < § < g £ b < 24 3 J 5§ < § < § < 7900 § <
1,2-Dichloroethene 5§ < 5 < N/A 08 J 8. < 5 < § < 8900| 42000 D $. % 5 < o < § € <
Trichloroethene 5 < 6 < N/A 2J 5§ < 3 Jd 5 < 3700 180 § < § 5§ < 5 Jd 5o
Inorganics (pg/L)
Chromium 209 37 N/A 13.8 424 45 79.8 76.3 26.3 205 13 179 457 26.3
Iron 47200 10500 N/A 36200 2E+05 56600 24400 23300 19200 46600 19000 76200| 1E+05 16200
Lead 100 23.7 N/A 31.7 20 49.4 39.4 45 21.4 71.6 9 29.1 307 16.2
Mangancse 98.3 31.3 N/A 79 217 136 94.1 68.8 54.8 118 106 B 236 284 763
Antimony 22 < 22 < N/A 13.3 21.9B 13.3 < 246 B 246 < 2 < 133 < 133 < 133 <| 209 B 13.3
Arsenic 17.3 1.8 "< N/A 5§ B 49.4 12.1 72 B 6.6 B 42 B 13.2 156 < 25.6 50.3 11
Beryllium 5.3 a1l < N/A 23 B 9.5 37 B 06 B 1 B 21 < 28 B 05 < 8.7 5.8 0.5
Mercury 0.13 B 01 < N/A N/A 0.5 1 < 01 < 0] < 01 < 0.2 < 0l < 0.1 < 0.35 0.1
Nickel 41 11.9 B N/A 73 B 168 30.8 B 232 B 33.2 B 14 < 39.2 B 52 < 93.5 186 17
Notes: < = Compound was analyzed, but not detected at the listed detection limit N/A = Not Analyzed
J = Valueisestimated
B = Reported valueis < contract required detection limit (CRDL), but > instrument detection limit (IDL)
D = Compound identified in an analysis at a secondary dilution factor
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1.3.1 Bench-Scale

Bench-scale testing was designed to simulate the following processes:

e Qil/water separation was used as pretreatment to remove free oil and oily sludges

through gravity separation.

e Metals Removal was used to remove inorganics from the groundwater. The metals

removal processes included flocculation, precipitation, and sedimentation:
» Flocculation is the process by which very small, unsettleable particles suspended
in a liquid medium collide and agglomerate into larger heavier particles or flocs

and settle out.

» Precipitation is the process in which materials in solution are transferred into a

solid phase for removal.

» Sedimentation is the process used to remove suspended solids from aqueous waste

streams by gravity separation.
1.3.2 Pilot-Scale
Pilot-Scale testing consisted of the following processes:
e Air Stripping is a physical treatment process in which water and air are brought into
contact with each other for the purpose of transferring volatile substances from

solution in a liquid to solution in a gas.

e Carbon Adsorption is a physical process that binds organic molecules to the surface of

the activated carbon particles. Activated carbon has an enormous surface area. One
gram of commercially activated carbon is estimated to have a surface area of 1,000 to
1,400 square meters. The process involves contacting a waste stream with carbon,

usually by flow through a series of packed bed reactors.
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2.0 GEOLOGIC CONDITIONS

The following subsections present summaries of the regional and site geology encountered in
the HPIA. :

2.1 Regional Geology

MCB Camp Lejeune is located in the Atlantic Coastal Plain physiographic province. The
region is underlain by several thousand feet of unconsolidated deposits ranging in age from
Lower Cretaceous to Holocene. These sediments consist of interbedded sands, clays,
calcareous clays, shell beds, and gravel. Regionally, they comprise 10 aquifers and nine
confining units which overlie a bedrock basement of Pre-Cambrian and Jurassic/Triassic age.
Generally, these deposits dip and thicken gently eastward (i.e., seaward) with thicknesses
ranging from 1,500 feet to 5,000 feet. The sediment complex at Jacksonville, North Carolina,
is approximately 1,500 feet thick (U.S.G.S. W-RIR 894128). Table 2-1 presents a generalized

stratigraphic column for this area.

2.2 Site Geologic Conditions

USGS studies at MCB Camp Lejeune indicate that the Base is underlain by seven sand and
limestone aquifers separated by confining units of silt and clay. These include the water table
(surficial), Castle Hayne, Beaufort, Peedee, Black Creek, and Upper and Lower Cape Fear
aquifers. The combined thicknesses of these sediments is approximately 1,500 feet. Less
permeable clay and silt beds function as confining or semi-confining units which separate the

aquifers and impede the flow of groundwater between aquifers.

Lithologic information obtained during monitoring well, recovery well and piezometer
installation at Hadnot Point Industrial Area (HPIA) indicate that the site is underlain by silty
sand with extensive, but discontinuous, layers of silty clay and silty-sandy clay. Peat, wood
fragments, and plant debris are present in a one or two foot layer in the southwest portion of
the HPIA, suggesting a historical marsh environment. Peat was also encountered at a depth
of 18 feet in the northwest portion of the site. Other geologic materials underlying the site

include fill (up to four feet thick) adjacent to construction areas, and marl.
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TABLE 2-1

GENERALIZED RELATION BETWEEN GEOLOGIC AND HYDROGEOLOGIC UNITS IN
THE COASTAL PLAIN OF NORTH CAROLINA

Geologic Units Hydrogeologic Units
System Series Formation Aquifer and Confining Unit
Quaternary Holocene Undifferentiated Surficial Aquifer
Pleistocene
Yorktown Confining Unit
Pliocene Yorktown Formation(1)
Eastover Formation(l) bl s
Miocene Pungo River Confining Unit
Tertiary Pungo River Formation(1) | Pungo River Aquifer
Belgrade Formation(2) Castle Hayne Confining Unit
Oligocene River Bed Formation
Castle Hayne Aquifer
Eocene Castle Hayne Formation
Beaufort Confining Unit
Paleocene Beaufort Formation Beaufort Aquifer
Peedee Confining Unit
Peedee Formation Peedee Aquifer
Black Creek Confining Unit
Upper Cretaceous |Black Creek and Black Creek Aquifer
Middendorf Formations
Cretaceous Upper Cape Fear Confining Unit
Upper Cape Fear Aquifer
Cape Fear Formation Lower Cape Fear Confining Unit
Lower Cape Fear Aquifer
Lower Cretaceous(l) | Unnamed Deposits(l) Lower Cretaceous Confining Unit
Lower Cretaceous Aquifer
Pre-Cretaceous Basement Rocks -- :

(1) Geologic and hydrologic units probably not present beneath Camp Lejeune.
(2) Constitutes part of the surficial aquifer and Castle Hayne Confining Unit beneath Camp Lejeune.
(3) Estimated to be confined to deposits of Paleocene Age in the study area.

Source: U.S.G.S., Water Resources Investigations Report 89-4096, “Assessment of Hydrologic and
Hydrogeologic Data at Camp Lejeune Marine Corps Base, North Carolina,” 1989.
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3.0 HYDROGEOLOGY

The following subsections present summaries of the regional and site hydrogeologic conditions

encountered in the HPIA.

3.1 Regional Hydrogeology

The hydrogeologic framework of the Jacksonville, North Carolina area includes seven
principal aquifers listed in superposition as follows: (1) the surficial water table; (2) the Castle
Hayne; (3) Beaufort; (4) Peedee; (5) Black Creek; (6) Upper Cape Fear; and (7) Lower Cape
Fear. Only the surficial and Castle Hayne Aquifers are of concern in this report. Aquifers
below the Castle Hayne lie in a thick sequence of sand and clay. Although some of these
aquifers are used for water supply elsewhere in the coastal plain, they contain saltwater in the
Camp Lejeune area and are not used (U.S.G.S., W-RIR 89-4096).

The surficial aquifer is found in beds and lenses of sand and clay. These deposits range in
thickness from 25 to 100 feet and overlie the sediments containing the Castle Hayne aquifer.
The sand lenses are the major water-bearing strata and are very heterogenéous and
discontinuous because of the complex marine/estuarine environments in which they were
deposited. In some areas, the surficial aquifer is reported to contain water contaminated by

waste disposal practices (Putnam, 1983).

The Castle Hayne Aquifer underlies the surficial aquifer. Most of the supply wells in the area
tap this aquifer at depths ranging from 50 to 300 feet. This aquifer ranges in thickness from
250 to 400 feet but brackish water is normally encountered below 300 feet. The water-bearing
zones are a series of sandstone, limestone and clay beds of the Oligocene River Bend

Formation and the Middle Eocene Castle Hayne Formation.

The upper half of the Castle Hayne Aquifer is primarily sand; the lower half is sand and
limestone. The top of the aquifer ranges from about 20 feet above sea level in the northern
part of the area to about 40 feet below sea level in the southeastern part. The aquifer thickens
toward the southeast from 175 feet at the Marine Corps Air Station to about 375 feet at the
coast (U.S.G.S., W-RIR 89-4096).






Clay layers occur in both the Castle Hayne and the surficial aquifers. However, no continuous

clay layer separates the surficial and the Castle Hayne. The clay layers appear to be more
continuous in the northwestern part of the base (U.S.G.S., W-RIR 89-4096).

Confining sediment beds restrict the direct exchange of groundwater between the surficial and
the Castle Hayne aquifers. However, some hydraulic connection between the two aquifers has

been observed (Department of the Navy, 1990).

3.2 Site Hydrogeologic Conditions

The groundwater system at the HPIA consists of an unconfined shallow aquifer (i.e., surficial
aquifer) and underlying semi-confined aquifers. The shallow aquifer is separated from the
underlying aquifers by a discontinuous clay and sandy clay layer. Groundwater in this zone
ranges in depths from 6 to 23 feet below ground surface, based on two rounds of water level
measurements collected in January and February 1991 (ESE, 1991b). Seasonal water level

fluctuations were reported to range from 1 to 4 feet.

In general, groundwater in the shallow aquifer flows to the southwest, towards the New River.
Figure 3-1 presents a potentiometric surface map of the water table constructed from water
level measurements taken from the shallow monitorihg wells on February 20, 1991 by
Environmental Science and Engineering, Inc.. The ESE report indicated some mounding of
groundwater in the southern corner of HPIA. A surface drainage ditch, which was observed to
be full of water, is located in this portion of the HPIA and may act as a recharge point (ESE,
1991b).

The following shallow aquifer characteristics were calculated by O'Brien & Gere based on the

results of an 8-hour pump test conducted in 1988:

® Transmissivity = 500 gpd/ft

e Wellyield = 3gpm

e Saturated thickness = 19-22feet

e Radius of influence = 300 -400 feet
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4.0 TREATABILITY STUDY ACTIVITIES APPROACH

4.1 Test Objectives

The Feasibility Study (FS) for the HPIA Operable Unit provided remedial screening of
potential technologies for the treatment of the contaminants of concern. This treatability
study will provide remedy selection testing to evaluate the remedial technologies'
performance in meeting the site-specific clean-up goals for the HPIA Operable Unit. The
cleanup goals include Federal and North Carolina Groundwater MCLs that are shown on
Table 4-1. These goals have been defined by the USEPA Region IV and the North Carolina
DEHNR. The treatability studies will provide data to support the design of pretreatment
components (e.g., metals removal, oil separation) and the air stripping treatment unit.
Additionally, the pilot study will provide data to evaluate whether other treatment
components (i.e., carbon adsorption) are required as part of the treatment system in order to

meet cleanup goals.

4.2 Bench-Scale Treatability Studies

This section describes the experimental design and procedures, as well as equipment and
materials used to perform bench-scale treatability testing on groundwater samples from the
HPIA Operable Unit. A representative sample of groundwater (approximately 70 liters) was
collected prior to the aquifer pump test to perform sample characterization and bench-scale
treatability testing. Based on the sample characterization results, oil/water separation and
gravity settling tests were conducted on the groundwater samples. Analytical results for the
sample characterization and treatability tests are provided in Section 5.1, Bench-Scale
Studies.

4.2.1 Experimental Design and Procedures

The procedures used to collect the characterization samples, to conduct the oil/water

separation, and gravity settling tests are discussed in the following subsections.

4.2.1.1 Sample Characterization

A representative composite groundwater sample was obtained from groundwater pumping

well HPIA-GW-24, located within the HPIA Operable Unit. A raw unfiltered aliquot of this
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TABLE 4-1

FEDERAL AND STATE CRITERIA FOR THE
CONTAMINANTS OF CONCERN IDENTIFIED
FOR THE SHALLOW AQUIFER

North Carolina*
North Carolina* | Water Quality
North Carolina* Water Criteria Criteria for
Water Quality Federal for Fresh Tidal Salt
Criteria for Drinking Water | Surface Water Waters
Contaminant Groundwater MCLs (ng/L) (ng/L)
of Concern (ng/L) (ng/L) Class C Waters | Class SC Waters
TCE 2.8 5 92.4 @) 924 @
1,2-DCE - 70 - -
Benzene 1 5 71.4@ 714 @
Antimony -- 6 - g
Arsenic 50 50 50 () 50 ()
Beryllium - 4 117@ 65 A17@
Chromium 50 100 50 (1) 20
Iron 300 - 1000 ®) o
Lead 50 151 25 () 25 1)
Manganese 50 -- o> -
Mercury | 2 0.012 (@ .025 @)
Nickel 150 100 88 (1) -

*  From NC Administrative Code 15A NCAC 2B.0200

(1) Protection of Aquatic Life.
(2) .. = No standard established.

(® MCL is action level for public water supply systems.

4) Protection of Human Health through consumption of fish/shell fish.
(3 NC Action Level for discharge to fresh waters.







water was submitted for analysis of Target Analyte List (TAL) metals and selected
engineering parameters. The purpose of the analysis was to determine a representative value
for total inorganics and oil & grease content of groundwater from the HPIA Operable Unit. In
addition, a groundwater aliquot was field filtered through a 0.45-micron filter using a vacuum
pump. This sample was analyzed for TAL metals to provide information on concentrations of
dissolved metals in HPIA groundwater. A summary of the analytical methods, sample
preservation, and other pertinent details regarding the bench-scale analytical requirements is

presented in Table 4-2.

Comparison of sample characterization data with anticipated discharge criteria and
knowledge of general engineering practices will provide a reliable indication as to whether
pretreatment for metals and/or solids removal is necessary. For instance, if dissolved metals
concentrations are below anticipated discharge criteria, then physical treatment to remove
suspended solids (gravity settling and/or filtration) would provide adequate pretreatment. If
dissolved metals concentrations exceed anticipated discharge criteria, then some form of

chemical treatment or advanced physical treatment (e.g. ultrafiltration) may be required.

4.2.1.2 Qil/Water Separation

Qil/water separation treatability testing was conducted on HPIA groundwater samples to
assess the need for free phase oil and grease removal prior to organics removal (e.g., air
stripping and/or carbon adsorption) and to provide information in sizing separation equipment
and product storage. The treatability testing consisted of a single oil/water separation run. To
set up the test run, groundwater (well mixed near room temperature) was poured into a large
pyrex jar and allowed to sit quiescently over a one hour period. Samples for oil and grease
analysis were extracted from below the discernible oil layer at various time intervals. A
description of the detailed test procedures implemented in the treatability testing are outlined

below:

TEST PROCEDURES FOR OIL/WATER SEPARATION TREATABILITY TESTING

(1) Setup bench-scale oil/water separation apparatus as shown in Figure 4-1.

(2) Retrieve groundwater samples from cold storage (approximately 4 degrees C) and

place in a warm water bath. Allow temperature of samples to reach approximate room

temperature.






Table 4-2

. Groundwater Characterization and Bench-Scale Treatability Testing Analytical Requirements Summary Table

Practical Sample Volume | Container Sample Holding
Parameter Method Quantitation | Requirement Type Preservation Time
Limit :
(ug/)
Target Analyte List Metals
Aluminum EPA 200.7 40
Antimony EPA 204.2 2
Arsenic EPA 206.2 S
Barium EPA 200.7 2
Beryllium EPA 200.7 2
Cadmium EPA 213.2 1
Calcium EPA 200.7 5
EPA 215.1
Chromium EPA 218.2 5
Cobalt EPA 200.7 5
Copper EPA 200.7 7
Iron EPA 200.7 6
Lead EPA 239.2 S5 180 Days
Magnesium EPA 200.7 100 500 ml Plastic Coolto 4 C Except
Manganese EPA 200.7 1 HNO3 to pH < 2 | Mercury at
Mercury EPA 245.1 0.2 28 Days
Nickel EPA 200.7 20
Potassium EPA 200.7 200
Selenium EPA 270.2 2
Silver EPA 200.7 20
Sodium EPA 200.7 100
Thallium EPA 279.2 5
Vanadium EPA 200.7 7
Zinc EPA 200.7 50
_I_E_l:l_gjn%rin_g&rametem
Ammonia EPA 350.2 100 500 ml Plastic Coolto 4 C 28 Days
H2S04 to pH < 2
Bicarbonate SM 403/406C 1000 500 ml Plastic None Required 14 Days
Carbonate SM 403/406C 1000 500 ml Plastic None Required 14 Days
Chloride EPA 325.2 1000 250 ml Plastic None Required 28 Days
Hardness EPA 130.2 1000 150 ml Plastic | HNO3 to pH < 2 | 180 Days
Nitrate/Nitrite EPA 353.2 10 250 ml Plastic Coolto4 C 28 Days
H2S04 to pH < 2
Oil and Grease EPA 413.1 2000 1000 ml Glass - Cool 4 C 28 Days
H2S04 to pH < 2
Total Dissolved Solids EPA 160.1 1000 250 ml Plastic Coolto 4 C 7 Days
Total Suspended Solids EPA 160.2 1000 250 ml Plastic Coolto 4 C 7 Days
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. (3) Measure 1 liter of groundwater using a 1 liter glass beaker and pour into the 9 gallon

glass Pyrex vessel. Continue measuring and adding groundwater until approximately

10 liters is added to vessel. Record total volume of groundwater added.
(4) Once groundwater has been completely added to vessel, start tracking time. Collect

|
samples at the following time intervals: 15 minutes, 30 minutes, and 60 minutes. |
Record observations of settling or separation (i.e., visible layer(s) of oil and grease,

|
sediment), as well as the general appearance of sample in vessel. The sampling |

procedure is discussed in more detail below.

(a) After each time interval is reached, turn on sampling pump and withdraw a 1 liter
sample. The tubing with pipette end from pump suction should be inserted below
the discernible oil layer to ensure that floating oil and grease is not collected in

sample withdrawn from vessel.

(b) Place each 1 liter sample in a 1 liter amber glass jar for analysis of oil and grease.
. In addition to the three samples, collect an additional sample at 60 minutes for
Quality Assurance/Quality Control.

(c) Record the following information on all samples to be submitted for analysis:
» Project Name
» Client
» Sample No.
» Date of Sample
» Sampler(s) Initials

(5) Fill out chain-of-custody form(s) for samples and submit for analysis.

(6) Place residuals from treatability study in 5-gallon plastic buckets and firmly seal lid

for subsequent disposal.

4.2.1.3 Gravity Settling

' Gravity settling tests were conducted on groundwater samples collected from the HPIA
Operable unit. The purpose of performing the tests was to determine if gravity settling will






provide sufficient physical treatment to remove metals to levels that will meet anticipated
discharge criteria. Based on the sample characterization results (presented in Section 5.0), it
was determined that chemical treatment (metals precipitation jar tests) would not be
necessary because the metals of concern were primarily associated with the suspended solids.
However, because addition of appropriate polymers can enhance the coagulation and
flocculation of solid particles, agglomeration of smaller particles and subsequent settling of

solids, evaluation of cationic/anionic polymer addition was included in the treatability testing.

The treatability testing consisted of two test runs. The first run evaluated gravity settling of
raw groundwater samples and the second run investigated the settling characteristics of raw
groundwater when mixed with a predetermined optimal dosage of polymer. The optimal
polymer type and dosage was determined by mixing aliquots of raw groundwater with three
dosages each of cationic and anionic polymer and selecting the mixture that qualitatively

appeared to yield the best settling.

A description of the detailed test procedures implemented in the treatability testing are

outlined below:

TESTING PROCEDURES FOR GRAVITY SETTLING AND SELECTION OF
OPTIMUM POLYMER DOSAGE

(1) Set up bench-scale gravity settling apparatus and polymer testing equipment as
shown in Figure 4-2.

(2) Retrieve groundwater samples from cold storage (approximately 4 degrees C) and
place in a warm water bath. Allow temperature of samples to reach approximate room

temperature.
(3) Pour raw groundwater sample into a beaker and mix with a glass stirring rod. Obtain
and place two samples in plastic containers for initial analysis (before gravity settling)

of total suspended solids (T'SS) and metals (Al, As, Cr, Fe, Pb, and Mn).

(4) Clean four 1000 ml graduated cylinders and identify as #1, #2, #3, and #4. Fill each

cylinder with a well mixed sample of raw groundwater.
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(5) Start clock after last cylinder is filled. Pump top 250 ml of supernatant out of cylinder

#1 at 10 minutes, cylinder #2 at 20 minutes, cylinder #3 at 30 minutes, and cylinder

#4 at 60 minutes. Each sample should be obtained by placing suction tubing of pump

in top of cylinder and drawing sample off. Place samplesin appropfiate containers and

designate for the following analysis:

Cylinder #1
Cylinder #2
Cylinder #3
Cylinder #4

10 min.
20 min.
30 min.

60 min.

TSS
TSS
TSS
TSS, Al, As, Cr, Fe, Pb, Mn

Observe and record settling characteristics of sample in each cylinder at each sampling

interval.

(6) Evaluate mixtures of raw groundwater with several anionic and cationic polymer

dosages to qualitatively determine an optimal polymer type and dosage. For this

treatability study, the polymers evaluated were Armstrong APS (anionic) and Calgon
Pol-E-Z 692 (cationic).

The evaluation was performed in the following manner:

Anionic/Cationic Polymer Evaluation

(a) Mix in separate glass beakers an aliquot of raw groundwater with anionic

polymer at dosages of 0.25, .5, 1, and 2 mg/L, respectively.

(b) Place beakers under a paddle stirrer and agitate each mixture at a low speed

for approximately 5 minutes.

(c) Repeat Steps(a) and (b) above, except use cationic polymer.

(d) Observe and record characteristics of mixtures (i.e. are there agglomerates of

solids particles, settling of particles, and a well defined supernatant?)






(N

(8

9

(10)

(11)

(e) Based on visual observations and best engineering judgment, identify the

polymer and dosage which appears to yield the most favorable results with the

minimum quantity of polymer used.

Obtain two additional raw groundwater samples and place in two separate containers
for initial analysis (before gravity settling with chemical treatment) of TSS and metals
(Al, As, Cr, Fe, Pb, and Mn). These will serve as QA/QC samples for the raw

groundwater settling run.

Mix raw groundwater and polymer in a 2000 ml glass beaker. The type (anionic or
cationic) and dosage should be that determined in step (6) outlined above. Fill each of
four clean 1 liter graduated cylinders with a well mixed sample of raw groundwater
and polymer and repeat Step (5) above, except collect samples at the following time

intervals from each cylinder and designate for analysis as follows:

Cylinder #1 5 min. TSS
Cylinder #2 10min. TSS
Cylinder #3 15 min. TSS
Cylinder #4 30 min. TSS; Al, As, Cr, Fe, Pb, Mn

Record the following information on all samples to be submitted for analysis:

Project Name
Client

Sample No.
Date of Sample

Sampler(s) Initials

Fill out chain-of-custody form(s) for samples and submit for analysis.

Place residuals from treatability study in 5-gallon plastic buckets and firmly seal
lid for subsequent disposal.
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4.2.2 Equipment and Materials

This subsection presents a description of the test equipment and materials used in the bench-

scale treatability testing of groundwater samples from the HPIA Operable unit.

4:221 Qil/Water Separation

The following equipment is required to set up the treatability apparatus and complete the

oil/water separation bench-scale treatability testing:

Equipment

(1) 9-gallon glass Pyrex vessel

(2) Ring stands with adjustable clamps

(2) Masterflex peristaltic pumps, including drive, pump head (#7016), and tygon tubing
(#7016)

(2) Glass Pipettes (attach to pump suction tubing)
Miscellaneous glass beakers

(2) Rubber stoppers (use as weight on pipette - suction tubing)

(1) Thermometer (-20 to 110 deg. C)

(1) Taperuler

(4) Amber glassjars, preserved with HoSO4 to pH <2

(1) 5-gallon plastic bucket with lid (residual disposal)

Set up the test apparatus, as depicted in Figure 4-1.

4.2.2.2 Gravity Settling

The equipment and materials required to set up the treatability apparatus, determine the

optimum polymer type and dosage, and perform gravity settling tests are summarized below:
Equipment
(4) 1-liter graduated cylinders

(1) Gang Paddle Stirrer
(1) Portable Mixer (to prepare stock polymer solutions)
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Miscellaneous glass beakers

(1) Ring stand w/clamp (for portable mixer)
Clear plastic jars with teflon lined caps for sample collection
Anionic Polyelectrolyte (APS Armstrong) - 1000 mg/L solution
Cationic Polymer (Calgon Pol-E-Z 692) - 1000 mg/L solution

(1) Pipette and Pipette Pump

(1) 5-gallon plastic bucket with lid (residual disposal)

Set up the test apparatus, as depicted in Figure 4-2.

4.2.3 Sampling and Analysis

Analytical methods, bottle requirements, and preservation and storage details used in the
bench-scale treatability study are presented on Table 4-2.

4.3 Pilot-Scale Testing

In order to determine the effectiveness and implementability of using an air stripper and
liquid phase carbon adsorption unit to treat groundwater, pilot-scale testing of this equipment
was performed. This task consisted of extracting the groundwater through a submersible

pump and discharging it through an air stripper and a carbon adsorption unit.

4.3.1 Experiment Design and Procedures

This subsection describes the design and procedures for conducting the pilot-scale test.

4311 Aquifer Pump Test

During the week of January 24, 1993 Baker personnel installed a recovery well, and two
piezometers for aquifer test activities. The recovery well and monitoring system consisted of a
single 6-inch recovery well, three monitoring wells (previously installed) and two, 2-inch
piezometers. The location of the wells, piezometers and pilot-scale treatment equipment are

shown in Figure 4-3.

The recovery system consisted of a pressure transducer and an electric submersible pump

installed 6 inches from the bottom of the well. The pump and transducer were secured to an
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adjacent concrete filled post with a nylon rope. A solid 1 inch PVC pipe was used as the
discharge line and extended from the pump to the flow meter. To allow for clear downhole
observation of the recovery well, the electric cable, discharge line, and the rope were taped

together at periodic intervals.

At the top of the well, the discharge line was connected to a totalizing flow meter with an
accuracy of 0 .1 gpm. To regulate discharge flow from the pump a 3/4" gate valve was installed
downstream from the flow meter. Groundwater pumped from the recovery well was discharged
to the pilot-scale treatment system (see Section 4.3.1.2).

4.3.1.1.1 Recovery Well and Piezometer Construction

The recovery well, RW-1, was constructed of 6-inch nominal diameter, flush-joint and
threaded stainless steel casing, with a 10-foot long, 0.010-inch slotted, continuous wrap
screen. A medium-grained sand pack extending above the top of the screen was placed in the
annulus between the screen and the borehole wall. A bentonite pellet seal was placed above
the sand pack and hydrated with potable water. The remaining annular space was backfilled
with a cement/bentonite mixture to ground surface. A PVC locking cap was fitted at the top of
the well. A diagram of the well is located in Appendix L.

Following well construction activities, the recovery well was developed to remove fine grain
sediments from the well boring and to facilitate the hydraulic connection between the well and
the water-bearing layer. The recovery well was developed using a submersible pump. The
well was overpumped and then allowed to recover. This process was repeated until the water
was visually sediment-free. Approximately 150 gallons of water (5-6 well volumes) were
removed. The water recovered from each well was contained in 55-gallon steel drums and
labeled.

Piezometers P-1 and P-2 were constructed of 2-inch nominal diameter Schedule 40, flush-joint
and threaded PVC casing, with a 10-foot long, 0.010-inch slotted screen. A medium-grained
sand pack extending to a depth of one foot below the surface was placed in the annulus
between the screen and the borehole wall. A one-foot thick bentonite pellet seal was placed
above the sand pack and hydrated with potable water. A PVC locking cap was fitted at the top

of the well. The piezometers are temporary and will be removed at a later date.
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Following installation, the piezometers and recovery well were surveyed by James E. Stewart

and Associates, Inc., of Jacksonville, North Carolina (registered in the State of North

Carolina) using standard procedures. The top of casing and ground surface elevations were
measured for the piezometer locations to the nearest 0.01-foot. A temporéry benchmark was
established on site based on existing National Geodetic Vertical Datum (NGCD) elevations
relative to Mean Sea Level (MSL).

4.3.1.1.2 Step-Drawdown Test

Test Set Up

The step-drawdown test was initiated on February 1, 1993. Prior to the start of this test, static
water levels were measured at all the locations equipped with pressure transducers and in
seven outlying monitoring wells. These measurements were taken with a water level meter.

These fluid levels are shown in Table 4-3.

To monitor hydrogeologic activity induced from the step-drawdown test, transducers were
placed in four wells and two piezometers between Buildings 902 and 903. Transducers in
piezometer P-1 and recovery well RW-1, located adjacent to Building 902, were controlled by a
two channel In-Situ SE-1000C data logger. Transducers in piezometer P-2, and monitoring
wells HPGW24-3, HPGW24-2, and HPGW24-1, located adjacent to Building 903, were
controlled by a four channel In-Situ SE-2000 data logger. Each pressure was referenced to the
initial static water levels. To maintain a constant position relative to the test datum the cable

of each pressure transducer was secured to the protective casing of the well.

Both the SE-1000C and the SE-2000 were set to obtain water level data on a logarithmic scale.
Water levels were recorded by the hydrologic monitors from pressure transducers according to

the following schedules:

e SE-2000 (Well RW-1 and piezometer P-2)

Elapsed Time Sampling Interval
» 0-5seconds 0.5 seconds
» 5-20 seconds 1.0 seconds
» 20-120 seconds 5.0 seconds
» 2-10 minutes 0.5 minutes
» 10-100 minutes 2.0 minutes
» 100 minutes-end 5.0 minutes
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Table 4-3

Summary of Fluid Level Measurements Prior to Step-Drawdown Test

February 1,1993

Hadnot Point Industrial Area

CTO-017
Depth to
Top of Casing Groundwater Groundwater
Well Elevation (feet below Elevation
Date Time | Number | (feet above MSL) | top of casing) | (feet above MSL)
2/01/93 | 13:12 RW-1 33.22 6.88 26.34
2/01/93 | 13:10 P-1 30.67 6.76 23.91
2/01/93 | 13:10 P-2 30.68 4.44 26.24
2/01/93 | 13:19 | HPGW24- 32.82 6.68 26.14
2/01/93 | 13:23 | HPGW24- 33.75 12.72 21.03
2/01/93 | 13:26 | HPGW24- 32.34 11.61 20.73
2/01/93 | 11:08 | HPGW21 33.59 10.57 23.02
2/01/93 | 11:15 | GW22-1 31.92 9.14 22.38
2/01/93 | 11:20 | GW22-2 28.84 8.13 20.71
2/01/93 | 09:01 | HPGW22 32.35 6.72 25.63
2/01/93 | 08:57 | HPGW23 32.09 9.27 22.82
2/01/93 | 09:07 | HPGW25 32.58 6.75 25.83
2/01/93 | 10:41 | HPGW30- 29.75 9.28 20.47
2/01/93 | 10:43 | HPGW30- 29.72 9.25 20.47
Notes:

(MSL) - Mean Sea Level

Top of casing elevations for RW-1, P1, P2, HPIA 24-1, HPIA 24-2

and HPIA 24-3 were taken by James B.Stewart and Associates

during February 1993. The remaining elevations were taken from the
Remedial Action Report For Hadnot Point Industrial Area Operable Unit
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e SE-1000C (Wells HPGW24-3, HPGW24-2, HPGW24-1 and piezometer P-2)

Elapsed Time Sampling Interval
» 0-5seconds 0.5 seconds
» 5-20 seconds 1.0 seconds
» 20-120 seconds 5.0 seconds
» 2-10 minutes 0.5 minutes
» 10-100 minutes 2.0 minutes
» 100 minutes-end 2.0 minutes

The step-drawdown test was initiated on February 1, 1993 at 4:42 PM. Based upon previous
investigations at the site, it was originally estimated that the maximum sustained discharge
capacity of the recovery well would be 5 gpm. The proposed initial discharge rates for the step-
drawdown test were 3 gpm ( 60 percent of maximum ), 4 gpm (80 percent of maximum), 5 gpm

(100 percent), and 6 gpm (120 percent).

All groundwater extracted during the step-drawdown tests was treated in accordance with the

procedures outlined in Section 4.3.1.1.1.

Recovery Well RW-1

Based on flow rates observed during installation and mobilization of the pump, two discharge
rates, 1.0 gpm (step one) and 2.0 gpm (step two), were selected for the step-drawdown test.
After some slight initial adjustments of the flow meter, the discharge rate stabilized at
1.00 gpm. After 62 minutes at 1 gpm (step 1) step two was initiated. To initiate step 2, the flow
was increased to 1.7 gpm. Gradually the discharge rate was increased to 2.2 gpm. At this
discharge rate the well was pumped dry at 7:27 PM. At this time the flow was adjusted to
1.5 gpm and remained stable until the test was terminated. The step 2 pumping rate (1.5 gpm)

was maintained for 124 minutes.

Based on the observed flow rates and drawdown observed in this well no additional steps above

2.0 gpm were performed and a rate of 1.5 gpm was selected for the constant rate test.

Average flow rates, duration of each step, and observed drawdowns are summarized in
Table 4-4.
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TABLE 4-4

SUMMARY OF STEP-DRAWDOWN ACTIVITIES
HADNOT POINT INDUSTRIAL AREA

CTO0-0017
Flow Rate Duration Maximum
Well Number o} kel Drawdown
P (feet)
RW-1 1.0 62 4.96
1.5 124 9.55
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Monitoring Well and Piezometer Observations

The SE-2000 data logger recorded water levels in P-2, HPGW24-1, HPGW24-2, and
HPGW24-3 and the SE-1000C data logger recorded levels in P-1 and RW-1. A drawdown of
1 foot was observed at P-2 which is 60 feet from the recovery well. At location P-1 (28 feet from
the recovery well) 3 inches of drawdown was observed and at HPGW24-1 (75 feet from the
recovery well) 4.5 inches of drawdown was observed. No drawdown was observed in
HPGW24-2 (97 feet from the recovery well)and HPGW24-3 (119 feet from the recovery well).
These values are summarized in Table 4-5. The data obtained by these data loggers is
presented in Appendix A.

4.3.1.1.3 Constant Rate Aquifer Test

Test Set Up

The purpose of the constant rate aquifer pump test was to evaluate aquifer characteristics
(hydraulic conductivity, transmissivity, and storativity). The results of this test will be used in
the design of a groundwater extraction remediation system for the shallow aquifer at HPIA.

Prior to the initiation of the 72-hour constant rate aquifer test, static water levels were
manually measured in RW-1, P-1, P-2, HPGW24-1, HPGW24-2, HPGW24-3 and 8 other
previously installed monitoring wells that were within approximately 1000 feet of the of the

recovery well. These fluid level measurements are summarized on Table 4-6.
As in the step-drawdown test, the SE-2000 data logger recorded water levels in P-2,

HPGW24-1, HPGW24-2, and HPGW24-3 and the SE1000C data logger recorded levels in P-1
and RW-1.

The SE-2000 (Well RW-1 and piezometer P-2) data logger was programed according to the

following schedule:
Elapsed Time Sampling Interval
» 0-20seconds 0.5 seconds
» 20-60seconds 1.0 seconds
» 1-10 minutes 0.2 minutes
» 10-100 minutes 2.0 minutes
» 100 minutes-end 5.0 minutes
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Table 4-5
Summary of Maximum Drawdowns During Step Test

CTO-017
Well Datum(TOC) Initial Final Drawdown Initial Final
Number Elevation Depth to Depth to Groundwater | Groundwater
(feet, MSL) | Groundwater | Groundwater Elevation Elevation
(feet) (feet) (feet) (feet, MSL) | (feet, MSL)
RW-1 35.22 6.88 21.26 14.38 26.34 11.96
P-1 30.67 6.76 7.00 0.24 23.91 23.67
P-2 30.68 4.44 5.42 0.98 26.24 25.26
HPGW24-1 32.82 6.68 7.05 0.37 26.14 25.77
HPGW24-2 33. 78 12.72 12.77 0.05 21.03 20.98
HPGW24-3 32.34 11.61 11.66 0.05 20.73 20.68
Notes:

(MSL) - Mean Sea Level
(TOC) - Top of Casing
Top of casing elevations for RW-1, P1, P2, HPIA 24-1, HPIA 24-2
and HPIA 24-3 were taken by James B.Stewart and Associates

during February 1993. The remaining elevations were taken from the

Remedial Action Report For Hadnot Point Industrial Area Operable Unit

Shallow Soils and Castle Hayne Aquifer Study (E.S.E, Inc., April 1992).
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Table 4-6
~ Summary of Fluid Level Measurements
Prior to the Start of the Constant Rate Pump Test
February 6, 1993
Hadnot Point Industrial Area

CTO-017
Depth to
Top of Casing Groundwater Groundwater
Well Elevation (feet below Elevation
Date Time Number | (feet above MSL) | top of casing) | (feet above MSL)
2/02/93 | 07:50 RW-1 33,22 7.45 AT
2/02/93 | 07:55 P-1 30.67 7.30 23.37
2/02/93 | 07:51 P-2 32.34 5.10 27.24
2/02/93 | 07:59 | HPGW24-1 32.31 7.30 25.01
2/02/93 | 08:07 | HPGW24-2 33.73 12.75 20.98
2/02/93 | 08:12 | HPGW24-3 32.80 13.00 19.8
2/02/93 | 09:20 | HPGW21 33.59 10.70 22.89
2/02/93 | 09:31 | HPGW22-1 31.52 9.59 21.93
2/02/93 | 09:40 | HPGW22-2 28.84 8.47 20.37
2/02/93 | 09:07 | HPGW22 32.35 7.00 25.35
2/02/93 | 08:55 | HPGW23 32.09 9.75 22.34
* . HPGW25 32.58
2/02/93 | 08:45 | HPGW30-2 29.75 9.55 20.2
2/02/93 | 08:39 | HPGW30-3 29.72 9.60 20.12
Notes:

(MSL) - Mean Sea Level

* - Not initially measured

Top of casing elevations for RW-1, P1, P2, HPIA 24-1, HPIA 24-2

and HPIA 24-3 were taken by James B.Stewart and Associates

during February 1993. The remaining elevations were taken from the
Remedial Action Report For Hadnot Point Industrial Area Operable Unit
Shallow Soils and Castle Hayne Aquifer Study (E.S.E, Inc., April 1992).
April 1992).
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. The SE-1000C (Wells HPGW24-3, HPGW24-2, HPGW24-1 and piezometer P-2) was
programed according to the following schedule:

Elapsed Time Sampling Interval
» 0-2seconds 0.2 seconds

» 2-120 seconds 5.0 seconds

» 2-10 minutes 0.5 minutes

» 10-100 minutes 2.0 minutes

» 100-end 10.0 minutes

Test Operation

The constant rate aquifer pump test began on February 2, 1993, at 10:05 AM. Over the length
of the 72.5 hour drawdown phase of the aquifer test, a total of 5,312 gallons of groundwater
were produced for an average flow rate of 1.22 gpm. Flow rate measurements recorded for the

recovery well are provided in Appendix B.

Test flows were continually monitored during the drawdown phase. Difficulty was
experienced achieving a constant flow rate of 1.2 gpm. Flow rates ranged from .6 gpm to 1.6

. gpm. As flows began to deviate from 1.2 gpm by more than .25 gpm the 3/4 inch gate valve was
appropriately adjusted.

The groundwater levels and the maximum drawdowns measured in the recovery well
piezometers and monitoring wells, at an elapsed time of approximately 1,260 minutes are
provided in Table 4-7. Drawdown data obtained by the data loggers is presented in
Appendix C.

Upon termination of the drawdown phase of the test on February 5,1993 at 10:45 AM, both
data loggers were set to monitor recovery data using the same scale that was used for the

drawdown phase of the test. This data are provided in Appendix D and are summarized in
Table 4-8.

All extracted groundwater was pumped through the pilot-scale treatment system before being
released into the HPIA sanitary system. The capacity of the mobile pilot-scale treatment
system was adequate to treat the groundwater as it was discharged and no additional liquid

storage was needed.
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Table 4-7
Summary of Maximum Drawdowns During Constant Rate Aquifer Test
CTO-017
Well Datum(TOC) Initial Final Drawdown Initial Final
Number Elevation Depth to Depth to Groundwater | Groundwater
(feet,MSL) | Groundwater | Groundwater Elevation Elevation
(feet) (feet) (feet) (feet, MSL) (feet, MSL)

RW-1 e ¥ - 4 7.45 20.87 13.42 .77 12.35

P-1 30.67 7.30 7.92 0.62 28.37 2.5

P-2 32.34 5.10 6.96 1.86 27.24 25.38

HPGW24-1 32.31 7.30 8.17 0.87 25.01 24.14

HPGW24-2 33.73 12.75 12.89 0.14 20.98 20.84

HPGW24-3 32.80 13.00 13.16 0.16 19.80 19.64

HPGW21 33.59 10.70 10.70 0.00 22.89 22.89

GW22-1 3152 9.59 9.56 0.00 21.93 21.96

GW22-2 28.84 8.47 8.56 0.09 20.37 20.28

HPGW22 32.35 7.00 7.30 0.30 29.35 25.05

HPGW23 32.09 9.75 9.86 0.11 22.34 22.23

HPGW25 32.58 7.08 7.34 0.26 25.50 25.24

HPGW30-2 29.75 9.55 9.68 0.13 20.20 20.07

HPGW30-3 29.72 9.60 9.44 0.00 20.12 20.28
Notes:

(MSL) - Mean Sea Level
(TOC) - Top of Casing
Top of casing elevations for RW-1, P1, P2, HPIA 24-1, HPIA 24-2

and HPIA 24-3 were taken by James B.Stewart and Associates

during February 1993. The remaining elevations were taken from the
Remedial Action Report For Hadnot Point Industrial Area Operable Unit
Shallow Soils and Castle Hayne Aquifer Study (E.S.E, Inc., April 1992).
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Table 4-8
Summary of Fluid Level Measurements After Recovery
February 6, 1993
Hadnot Point Industrial Area

CTO-017
Depth to
Top of Casing Groundwater Groundwater
Well Elevation (feet below Elevation
Date Time Number (feet above MSL) top of casing) (feet above MSL)
2/06/93 10:34 RW-1 33.22 7.78 25.44
2/06/93 10:44 P-1 30.67 7.48 23.192
2/06/93 10:34 P-2 30.68 5.45 25.226
2/06/93 10:44 HPGW24-1 32.82 7.33 25.287
2/06/93 10:44 HPGW24-2 33.75 12.77 20.985
2/06/93 10:44 HPGW24-3 32.34 13.05 19.294
2/06/93 10:01 HPGW21 33.59 10.66 22.93
. 2/06/93 10:08 GW22-1 31,52 9.42 22.1
2/06/93 10:12 GW22-2 28.84 8.46 20.38
2/06/93 09:46 HPGW22 32.35 7.46 24.89
2/06/93 09:38 HPGW23 32.09 9.72 5
2/06/93 09:08 HPGW25 32.58 9.60 22.98
2/06/93 9:30 HPGW30-2 29.75 9.60 20.15
2/06/93 09:30 HPGW30-3 29.72 9.64 20.08
Notes:

(MSL) - Mean Sea Level

Top of casing elevations for RW-1, P1, P2, HPIA 24-1, HPIA 24-2 and HPIA 24-3
were taken by James B.Stewart and Associates during February 1993. The remaining
elevations were taken from the Remedial Action Report for Hadnot Point Industrial
Area Operable Unit Shallow Soils and Castle Hayne Aquifer Study (E.S.E., Inc.,
April 1992).
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4.3.1.2 Pilot-Scale Treatability Testing

Groundwater pumped from recovery well RW-1 during the aquifer pump test was discharged
to a pilot-scale treatment system. This treatment system was mobilized and set-up along side
the recovery well and adjacent to Building 904, as shown on Figure 4-3. Effluent from the
treatment system was discharged to the 8-inch sanitary sewer line at the south end of
Building 902. Final discharge of the treated groundwater was through the HPIA Sewage
Treatment Plant (STP).

The pilot-scale treatment system consisted of an oil/water separator, an air stripper, and a
carbon adsorption tank as shown schematically on Figure 4-4. The oil/water separator
consisted of two, 350-gallon FRP tanks connected in series. A 300-gallon steel surge tank was
placed downstream of the oil/water separator and equipped with an electric sump pump and
float switch to discharge water to the air stripper. The air stripper was a shallow tray-style
stripper consisting of two trays and equipped with a one horsepower, 625 cubic feet per minute
(CFM) air blower. The holding capacity of the air stripper tank was 400 gallons. Hydrostatic
pressure caused by influent from the oil/water separator surge tank forced effluent from the
air stripper to the carbon adsorption tank. The carbon adsorption unit was a single tank with
800 pounds of activated carbon manufactured by Hadley Industries. Effluent from the carbon
adsorption unit was discharged to the HPIA sanitary sewer system.

4.3.2 Sampling and Analysis

A sampling and analysis program was conducted during the duration of the aquifer pump test
and pilot-scale treatability study in order to quantify the effectiveness of the various
treatment components. This program included chemical analysis for volatile organics, metals,
and engineering parameters, as well as multi-concentration acute toxicity testing. Table 4-9

summarizes the analytical requirements of the pilot-scale study.

Samples were collected at the start-up, at regular intervals (approximately 12 hours), and at
completion of the aquifer pump test. These samples were collected from sampling ports at the

following locations:
e Influent to the air stripper

e Effluent from the air stripper

e Effluent from the carbon adsorption
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Table 4-9
Pilot-Scale Treatability Testing Analytical Requirements Summary Table

Parameter

Method

Practical
Quantitation
Limit
(ug/l)

Sample Volume | Container

Requirement Type

Sample
Preservation

Holding
Time

Purgeable Halocarbons

Bromodichloromethane

Bromoform

Bromomethane

Carbon Tetrachloride

Chlorobenzene

Chloroethane

2-Chloroethylvinyl ether

Chloroform

Chloromethane

Dibromochloromethane

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Dichlorodifluoromethane

1,1-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethene

trans-1,2-Dichloroethene

1,2-Dichloropropane

cis-1,3-Dichloropropene

trans-1,3-Dichloropropene

Methylene chloride

1,1,2,2-Tetrachloroethane

Tetrachloroethene

1,1,1-Trichloroethane

1,1,2-Trichloroethane

Trichloroethene

Trichlorofluoromethane

Vinyl chloride

EPA 601

(RISRISRISEISRISHISRIVEISRISRISRISRISRISRISRISRASRAV R ARISRISRISRISRES RSN LN Ll A0

Glass;
3 x40 ml Teflon
Lined
Septum

Coolto 4 C

14 Days

Purgeable Aromatics

Benzene

Chlorobenzene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Ethylbenzene

Toluene

Xylene

EPA 602

NI IN [N

Glass;
3 x40 ml Teflon
Lined
Septum

Coolto 4 C
HCltopH < 2

14 Days
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Table 4-9 (continued)
Pilot-Scale Treatability Testing Analytical Requirements Summary Table

Practical Sample Volume | Container Sample Holding
Parameter Method | Quantitation Requirement Type Preservation Time
Limit
(us/l)
Target Analyte List Metals
Aluminum EPA 200.7 40
Antimony EPA 204.2 2
Arsenic EPA 206.2 5
Barium EPA 200.7 2
Beryllium EPA 200.7 2
Cadmium EPA 213.2 1
Calcium EPA 200.7 5
EPA 215.1
Chromium EPA 218.2 5
Cobalt EPA 200.7 5
Copper EPA 200.7 7
Iron EPA 200.7 6
Lead EPA 239.2 5 180 Days
[Magnesium EPA 200.7 100 500 ml Plastic Coolto 4 C Except
Manganese EPA 200.7 1 HNO3 to pH < 2 | Mercury at
Mercury EPA 245.1 0.2 28 Days
Nickel EPA 200.7 20
Potassium EPA 200.7 200
Selenium EPA 270.2 2
Silver EPA 200.7 20
Sodium EPA 200.7 100
Thallium EPA 279.2 5
Vanadium EPA 200.7 7
Zinc EPA 200.7 50
[Engineering Parameters
Ammonia EPA 350.2 100 500 ml Plastic Coolto 4 C 28 Days
H2S04 to pH < 2
Bicarbonate SM 403/40 1000 500 ml Plastic None Required 14 Days
Carbonate SM 403/40 1000 500 ml Plastic None Required 14 Days
Chloride EPA 325.2 1000 250 ml Plastic None Required 28 Days
Hardness EPA 130.2 1000 150 ml Plastic HNO3 to pH < 2 | 180 Days
Nitrate/Nitrite EPA 353.2 10 250 ml Plastic Coolto 4 C 28 Days
H2S04 to pH < 2
Oil and Grease EPA 413.1 2000 1000 ml Glass Cool4 C 28 Days
H2SO4 to pH < 2
Total Dissolved Solids EPA 160.1 1000 250 ml Plastic Cool to 4 C 7 Days
Total Suspended Solids EPA 160.2 1000 250 ml Plastic Coolto 4 C 7 Days
Aquatic Toxicity Bioassays
Multi-Concentration EPA/600/ NA 2000 ml Plastic Coolto 4 C 36 Hours
Acute Toxicity 4-90-027

4-28






Samples from these three locations were analyzed for volatile organics (EPA Method 601/602)
and inorganic using CLP protocol, Level ITI data quality.

Samples were also collected at start-up and completion of the aquifer pump test from the
influent and effluent from the oil/water separator and analyzed for oil and grease. Additional
samples were taken at this time from the influent to the air stripper and analyzed for
engineering parameters, including ammonia, carbonate, bicarbonate, chlorides, total

dissolved solids, total suspended solids, hardness, nitrate, nitrite, and pH.
One of the seven rounds of samples taken from the influent and effluent to the carbon
adsorption unit also underwent a 48 hour test for multi-concentration acute toxicity using

fathead minnows (Pimephales promelas) as the test organism.

4.4 Data Management

Due to the quantity of data to be collected during the treatability study, the way the data was
documented was vital. The following guidelines were used in the documentation of samples

and general observations.

Five types of documentation were used in tracking and shipping analytical samples:

e Field logbook;

e Sample labels;

e Chain-of-custody records;
e Custody seals; and

e Commercial carrier air bills.

The label for each sample bottle contained the following information:

e Site name;

e Sample number;

e Monitoring well I.D. number;

e Date and time of collection;

e Sample type (grab or composite);

® Preservatives;
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e Sample matrix; and,

e Samplersinitials.

Additionally, the following items also were entered:

Date and time;

Name of field personnel on site;
Names of visitors on site; |,

Field conditions;

Description of activities;

Sampling remarks and observations;
QA/QC samples collected; and,

Sketch of sample location and site conditions.

Custody of the samples were maintained by field personnel from the time of sampling until the
time they were forwarded to the analytical laboratory, Halliburton NUS Environmental
Corporation. The sample custody was documented using Chain-of-Custody (COC) records
which were completed by field personnel. These were complete in waterproof ink and
accompanied each cooler forwarded from the site to the laboratory. Any errors in the COC
record were not erased. Instead, a line was drawn through the error and initialed by the person
completing the form. The original COC was placed in a sealable plastic bag, placed in the

appropriate cooler, and secured to the cooler's lid.

Two sample coolers were shipped by commercial air carrier and secured with custody seals so
that the seals would be broken if the cooler was opened. The commercial air carrier did not
sign the COC record because the custody seals remained intact and the COC record stayed in

the cooler. Prior to shipping the completed air bill was secured to lid of the cooler.

The laboratory maintained internal logbooks and records that provide a custody record during

sample preparation and analysis.
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4.5 Deviations from the Work Plan

4.5.1 Bench-Scale Study

Based on the sample characterization results (presented in Section 5.0), it was determined
that chemical treatment (metals precipitation jar tests) would not be necessary as proposed in
the Work Plan because the metals of concern were primarily associated with the suspended
solids. However, because addition of appropriate polymers can enhance the coagulation and
flocculation of solid particles, agglomeration of smaller particles and subsequent settling of

solids, evaluation of cationic/anionic polymer addition was included in the treatability study.

4.5.2 Pilot-Scale Study

Based on the results of the step-drawdown test (Section 4.3.1.1.2), a flow rate of 1.5 gpm was
selected for the constant rate aquifer test, which was less than the anticipated production of
5 gpm projected in the Work Plan. The treatment equipment proposed in the Work Plan
(Oil/Water Separator, Air Stripper, Carbon Adsorption Unit) were provided, and the Sampling
and Analysis Plan was followed. Due to the low flow rate, retention time through the stripper
was 333 percent greater than anticipated in the Work Plan.
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5.0 RESULTS AND DISCUSSION

5.1 Bench-Scale Studies

The results of the bench-scale studies performed to determine the pretreatment requirements
(oil and grease, suspended solids, and metals removal) for the HPIA groundwater are
presented and discussed in the sections below. Raw analytical data for all of the bench-scale
tests is included in Appendices E, F, and G. Recommendations for pretreatment equipment of

the HPIA groundwater prior to organics removal are also discussed.

5.1.1 HPIA Groundwater Characteristics

The groundwater sample from the HPIA was analyzed for metals and other engineering
parameters in order to define contamination levels and determine pretreatment requirements.
Engineering parameter analyses including TSS, TDS, hardness, and alkalinity are presented
on Table 5-1. Total and dissolved metals analyses for groundwater characterization are
presented on Table 5-2. For comparison purposes, North Carolina criteria for groundwater
and surface water as well as Federal Drinking Water Primary and Secondary Maximum

Contaminant Levels (MCLs) also are presented on Table 5-2.

Of the engineering parameters, only TSS appears to be of potential concern. The groundwater
characterization sample showed 910 mg/L TSS which would rapidly foul treatment system
piping and equipment. Other subsequent treatability samples showed lower levels of TSS,
however even at these 60 to 100 mg/L levels significant system fouling would result.
Therefore, it is necessary to remove the suspended solids up-front via some form of physical

treatment (e.g., flocculation, settling, filtration).

Analyses showed that a significant proportion of the metals concentrations are associated with
the suspended solids. The following metals exceeded at least one of the discharge criteria
listed on Table 5-2 on a total constituent basis: aluminum, chromium, iron, lead, manganese,
and zinc. However, once the suspended material is removed, the resulting dissolved metals
are likely to be acceptable for discharge. Although dissolved zinc levels slightly exceeded the
NC surface water discharge criteria, it is believed that this criteria would not apply as long as
the groundwater is discharged to the HPIA STP, as anticipated. Therefore, Baker believes
that pretreatment to remove metal-laden particles and not dissolved metals would be

required.
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Table 5-1
HPIA Groundwater Sample Characterization Analyses:
Engineering Parameters

Parameter Concentration
(mg/l)
Ammonia (as N) 0.8
Alkalinity, Bicarbonate (as CaCO3) 35
Alkalinity, Carbonate (as CaCO3) 0
Alkalinity, Total (as CaCO3) 35
Chloride (as Cl) 22
Hardness, Total (as CaCO3) 65
Nitrate/Nitrite <0.1
Nitrite (as N) <0.02
Total Dissolved Solids 110
Total Suspended Solids 910
Qil and Grease 6
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Table 5-2

HPIA Groundwater Sample Characterization Analyses:
Total and Dissolved Metals

(1) CONCENTRATION QUALIFIERS:

er than or equal to the

Instrument Detection Limit (IDL).

U = entered if the analyte was analyzed for but not detected, quantitation limit reported.
(2) *—* = No standard established.

(3) Protection of Aquatic Life.

(4) MCL is action level for public water supply systems.

B = entered if the reported value was obtained from a reading that was less than the Contract Required

Detection Limit (CRDL) but great

Total Dissolved Primary/Secondary NC Ground- NC Surface
Parameter Metals Metals Drinking Water MCLs | Water Criteria Water Criteria (3)
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Aluminum 25900 350 B 50 to 200 - (2 =
Antimony 20 U (1) 200 U 6 - —
Arsenic 9.7 B(1) 20 U 50 50 50
Barium 78.0 B 146 B 2000 1000 "
Beryllium 1.0 B 1.0 U 4 e 65
Cadmium 50 U 50 U 5 5 2
Calcium 18600 15000 - — -
Chromium 32.0 100 U 100 50 50
Cobalt 80 U 80 U - - -
Copper 140 B 20 U 1300 1000 7
Iron 26400 310 B 300 300 1000
Lead 22.4 1.0 U 15 (4) 50 25
Magnesium 3100 B 1530 B - —_— -

| Manganese 84.0 24.0 50 50 —
Mercury 020 U 020 U 2 1.1 0.012
Nickel 220 B 20.0 U 100 150 88
Potassium 2330 B 830 B - - —
Selenium 15 B 1.0 U 50 10 5
Silver 30 U 30 U 100 50 0.06
Sodium 8620 9910 — - -
Thallium 20 U 20 U 2 —
Vanadium 73.0 40 U — - e
Zinc 40.0 57.0 2 5000 5000 50
NOTES:







5.1.2 Oil/Water Separation Tests

Free phase oil was visible in the treatability study samples. Although the characterization
analyses showed O&G to be only 6 mg/L (less than the 10 mg/L specified in the Work Plan),
visible oil sheens are not typically acceptable for discharge and, consequently, an oil/water

separation test was performed. Analytical results of test samples are presented in Table 5-3.

The oil/water separation test indicated that at 28°C (82°F) most of the oil in the groundwater
was free phase and not emulsified. Removal of this oil to below detection limits within a
reasonable time frame (less than sixty minutes) appears to be possible in a conventional
oil/water separator. In addition, an oil water separator could be used to remove some of the

suspended material from the groundwater.

The data in Table 5-3 is not extensive or diverse enough to be able to determine an actual rate
of oil removal. However, enough information has been generated to be able to conceptually

design an oil/water separator.
5.1.3 Solids Settling

Generally sand and multi-media filters are designed for the anticipated hydraulic capacity
and a suspended solids concentration of 30 to 50 mg/L in the influent. The levels of suspended
solids in the HPIA groundwater samples taken to date appear to be excessive for cost-effective

direct filtration of the groundwater.

Settling of some of the suspended material may serve to reduce much of the load to a filter,
possibly even eliminating the need for the filter itself. Therefore, bench-scale settling tests
discussed in Section 4.2 were performed to investigate the extent of physical treatment
required. Qualitative tests to determine an adequate polymer and optimum polymer dosage
rate were performed. Subsequently, settling tests using both raw groundwater and
groundwater flocculated with polymers were performed.

Qualitative polymer addition tests using both a cationic and an anionic polymer showed good
results in each case. However, the anionic polymer (Armstrong APS) appeared to perform
slightly better than the cationic polymer (Calgon Pol-E-Z 692). For the settling tests, the

anionic polymer at an optimum dosage level of 2 mg/L was selected.






TABLE 5-3

OIL/WATER SEPARATION BENCH-SCALE TEST

ANALYTICAL RESULTS
Time Qil and Grease Sample Temp.
(minutes) (mg/L) °C)
0 6 NA
15 <3 28
30 4 28
60 <3 28







The TSS results associated with the settling tests for the raw and polymer enhanced
groundwater are presented on Table 5-4. Clearly, polymer addition had a significant impact
on the settling rate of the suspended particles. The residual suspended solids concentration of
the raw sample following 60 minutes of quiescent settling was roughly equivalent to the
residual suspended solids concentration of the polymer enhanced sample after only 5 to 10
minutes (about 25 mg/L), even with a 50 percent higher initial TSS reading in the initial
polymer aliquot. After 30 minutes of settling, the polymer enhanced sample TSS

concentration fell below 20 mg/L.

Samples of water were extracted for metals analyses (aluminum, arsenic, chromium, iron and
lead) after 60 minutes of settling for the raw sample and 30 minutes for the polymer enhanced
sample. These analyses are presented on Table 5-5. Comparing these values to water quality
criteria presented previously (Table 5-2) one can see that aluminum and iron levels were not
reduced. However, these levels probably reflect naturally-occurring levels for the site. In this
case, settling alone does not appear to be adequate, and a combination of flocculation, settling

and filtration will be required.

Once the on site treatment plant is in place and the groundwater extraction wells are
developed (i.e., operating), much of the suspended material that was present in the treatability
study samples may not be present in treatment plant influent. In fact, this phenomenon was

apparent in the pilot-scale testing, when TSS levels were measured to be less than 10 ppm.

5.14 QA/QC

Quality Assurance/Quality Control samples were taken during the bench-scale treatability
testing to ensure that analytical results are reliable for design purposes. Duplicate raw and
filtered groundwater samples for the characterization study were taken. Also, a duplicate
oil/water separation study sample was collected at the 60 minute mark in the test and a
duplicate initial sample for the settling tests was analyzed for TSS, aluminum, arsenic,
chromium, iron, and lead. In addition, two trip blanks prepared by the laboratory were
analyzed. No unusual variances were observed in any of the QA/QC samples. The QA/QC
results are included in Appendix H.
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TABLE 5-4

SOLIDS SETTLING TESTS: SUSPENDED SOLIDS
CONCENTRATION AS A FUNCTION OF TIME

Total Suspended Solids (mg/L)

Settling Time
(minutes) Sample with
Raw Sample Polymer at
2mg/L

0 62 62
5 - 28

10 48 27

15 - 20

20 35 -

30 32 16

60 25 i







Table 5-5
Solids Settling Tests: Total Metals and TSS Concentrations

5-8

Concentration
Raw Initial Raw Sample After | Sample with Polymer
Parameter Units Sample 60 Min. Settling at 2 mg/| After
30 Min. Settling

Aluminum ug/I 2780 2290 282
Arsenic ug/| <4.0 <40 < 4.0
Chromium ug/| 20 14 < 10.0
Iron ug/I 8930 6400 2310
Lead ug/l 4.4 3.2 11
TSS mg/I 62 25 16






5.2 Pilot-Scale Study

5.2.1 Data Analysis and Interpretation

5.2.1.1 Analysis of Waste Stream Characteristics

Previous studies indicate that the shallow groundwater is contaminated primarily with fuel-
related compounds, benzene, 1,2-dichloroethene (1,2-DCE), trichloroethene (T'CE), solvents
and metals, such as antimony, arsenic, beryllium, chromium, iron, lead, manganese, mercury,
and nickel. Prior to this study, the most recent shallow groundwater data was collected in
January 1991 by ESE. This data is similar to the results of earlier studies with the exception
that the compound concentrations from the January data were generally lower than the
concentrations identified in the earlier studies. Table 5-6 presents the summary of the 1991

shallow aquifer groundwater data with respect to the contaminants of concern.

Groundwater samples taken for the bench-scale study were analyzed for metals and other
engineering parameters. The results of these analyses are discussed in Section 5.1.1 of this
report. Based on the sample characterization results, it was determined that the metals of

concern were primarily associated with the suspended solids.

Groundwater samples were taken for the pilot-scale treatability study from the influent to the
air stripper. Based on the analytical results (presented in Section 5.2.1.2), the characteristics
of the waste stream flowing into the pilot-scale treatment system were similar to the results of
earlier studies, with the exception of the presence of vinyl chloride in the groundwater. The
presence of vinyl chloride, which had not been detected in previous investigations, was
unexpected and may possibly be the result of the microbial decomposition of the chlorinated

compounds of concern.

b 212 Analysis of Treatability Study Data

This section of the report presents the results of the chemical analysis and toxicity testing
from the pilot-scale treatability study. A discussion of the results in relation to the test
objectives is also provided. Laboratory data from the pilot-scale study is attached to this report
in Appendix I. The results are presented by parameter in Tables 5-7 through 5-21, organized

to show the change in contaminant level across the air stripper and carbon adsorption unit.
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SUMMARY OF CONTAMINANTS OF CONCERN DETECTED IN

5-6

THE SHALLOW GROUNDWATER AQUIFER, JANUARY 1991

Potential
Contéaminents of HPGW1 | HPGW2 | HPGW3 | HPGW4-1 | HPGWS HPGW6 | HPGW7 | HPGWS8 | HPGW9-1 | HPGW10 | HPGW11 | HPGW12 | HPGW13 HPGW14 | HPGW15
oncern
VOC (pg/L)
Benzene 5 < 5 < Big B & 8 < § & 5 < 5.% § < B & § < 5§ < 5 < 5.2 B
1,2-Dichloroethene 73 10 < 10 < 5 < 5 < 5 < 5 < 5 < 1200 5 < 5 % 5 < 5 < 5 < 7
Trichloroethene 91 5 < 5 < 09 J 5 < 5 < 5 < 23 14000 5 < 5 < 5 < 5 < 5 < 4 J
Inorganics (ug/L)
Chromium 87 64.3 16.7 187 36 B 1590 313 91.8 66.4 310 140 25.5 48.9 127 214
Iron 64100 34800 10400 100000 3100 265000 65700 40900 19800 119000 31800 5600 33500 87200 4800
Lead 16.6 29.4 114 66.6 13.6 60.7 112 54.1 128 186 45.2 15.7 9 66.5 16.6
Manganese 168 T 53.9 425 162 487 136 46.5 45 255 103 18.3 30.3 80 18.3
Antimony 133 < 156 B 465 B 219 B] 188 < 133 < 22 < 22 176 B 22 < 22 < 2 < 133 < 183 < 2 <
Arsenic 8 B 24.1 15.6 15.5 28 < 31.5 18.3 28.4 3 B 39.9 83 B 18 < 47 45.6 18 <
Beryllium 6 1.7 BG 1.2 B 6.7 0.86 B 20 48 B 2.1 079 B 5.6 24 <€ 21 < 059 B 2.7 B 2.1 <
Mercury [ 0.1 < 01 < 0.1 < 0.1 < 14 0.25 0.13 0.1 < 0.82 01 B 0.1 < 9l < 0.26 Dl <
Nickel 313 B 16.9 B 12.1 B 57 8.2 < 161 50.7 25.2 15.1 B 92.2 236 B 11 < 212 B 41.6 11 <
Potential
Contéaminanta of | HPGW16 | HPGW17-1| HPGW18 | HPGW19 | HPGW20 | HPGW21 | HPGW22 | HPGW23 | HPGW24-1 HPGW25 | HPGW26 | HPGW29 | 22GW1 | 22GW2
oncern
VOC (ng/L)
Benzene 5§ < b < N/A 6§ < § < 5 < 5 < 24 3 Jd §.< § < 5§ < 7900 § <
1,2-Dichloroethene 8 < 9 i< N/A 08 J 5§ < b .5 b e 8900] 42000 D 5§ < 5§ < § < § < 5 <€
Trichloroethene B i< - N/A 2 J 5§ < 3 J 5 € 3700 180 R § < § < 5 J b £
Inorganies (ug/L)
Chromium 209 37 N/A 13.8 424 45 79.8 76.3 26.3 205 13 179 457 26.3
Iron 47200 10500 N/A 36200 2E+05 56600 24400 23300 19200 46600 19000 76200 1E+05 16200
Lead 100 23.7 N/A 31.7 20 494 394 45 214 71.6 9 29.1 307 16.2
Manganese 98.3 31.3 N/A 79 217 136 94.1 68.8 54.8 118 106 B 236 284 763
Antimony 22 < 22 < N/A 13.3 21.9B 138 < 246 B| 246 < 2 < 133 < 133 < 133 <| 209 B 13.3
Arsenic 17.3 18 < N/A 5 B 49.4 12.1 72 B 6.6 B 42 B 13.2 1.6 < 25.6 50.3 11
Beryllium 5.3 21 < N/A 23 B 9.5 3.7 B 0.6 B 1.8 3] < 28 B 05 < 8.7 5.8 0.5
Mercury 0.13 B 01 < N/A N/A 0.5 0.1 < 01 < 0l < gl < 1 = 01 < g1.< 0.35 0.1
Nickel 41 11.9 B N/A 73 B 168 308 B 23.2 B 33.2 B 14 < 392 B 82 < 93.5 186 17
Notes: < Compound was analyzed, but not detected at the listed detection limit N/A = Not Analyzed

LU T |

Ow ™~

Value is estimated
Reported value is < contract required detection limit (CRDL), but > instrument detection limit (IDL)
Compound identified in an analysis at a secondary dilution factor







Table 5-7
Summary of Analytical Results

Benzene
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 4 3 <4
2 3 3 <2
3 3 3 <2
4 3 " <2
5 3 e <2
6 3 ¥4 <2
7 3 <2 <2
Duplicate 3 2 <3
Notes:
(1) A sample interval was a 12 hour period. This test
consisted of seven consecutive 12 hour sampling intervals.
(2) Samples were collected during the first 4 hours of a sampling
interval.
(3) If the qualifier "U" is present, the analyte was analyzed for
but not detected.
(4) If the qualifier "B" is present, the reported value was obtained
from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).
(5) If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.
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Table 5-8
Summary of Analytical Results
Trans-1-2,Dichloroethene (DCE)

CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 <40 D 6 <2
2 40 <2 <2
3 <40D <2 <2
4 <40D <2 <2
5 <40D S <2
6 <40D <2 <2
7 <40D <2 ot
Duplicate <40 D <3 <2
Notes:
(1) A sample interval was a 12 hour period. This test
consisted of seven consecutive 12 hour sampling intervals.
(2) Samples were collected during the first 4 hours of a sampling
interval.
(3) If the qualifier "U" is present, the analyte was analyzed for

“)

)

but not detected.

If the qualifier "B" is present, the reported value was obtained
from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.
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Table 5-9
Summary of Analytical Results

Ethylbenzene
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 4 ¥ <2
2 <2 14 3
3 2 14 <2
4 <2 =7 <2
5 <2 <2 £2
6 <2 <2 <2
7 <2 <2 <2
Duplicate «d 13 A
Notes:
(1) A sample interval was a 12 hour period. This test

@)
)

“)

®)

consisted of seven consecutive 12 hour sampling intervals.
Samples were collected during the first 4 hours of a sampling
interval.

If the qualifier "U" is present, the analyte was analyzed for
but not detected.

If the qualifier "B" is present, the reported value was obtained
from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an
analysis performed at a secondary dilution.
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Table 5-10
Summary of Analytical Results

Trichloroethene (TCE)
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 <2 b <2
2 160 D <2 <2
3 180 D <2 <2
4 190 D <2 <2
5 180 D <2 <2
6 180 D o 42
7 120 D <2 <2
8 180 D o <2
Notes:
(1) A sample interval was a 12 hour period. This test

@)
(©)

(4)

®)

consisted of seven consecutive 12 hour sampling intervals.
Samples were collected during the first 4 hours of a sampling
interval.

If the qualifier "U" is present, the analyte was analyzed for
but not detected.

If the qualifier "B" is present, the reported value was obtained
from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the

Instrument Detection Limit (IDL).
If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.
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Table 5-11
Summary of Analytical Results

Tolulene
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 5 25 <2
2 5 10 2
3 5 9 <2
4 5 8 <2
5 6 10 3
6 10 10 4
7 12 11 10
8 9 13 4
Notes:
(1) A sample interval was a 12 hour period. This test

@
©)

@

®)

consisted of seven consecutive 12 hour sampling intervals.

Samples were collected during the first 4 hours of a sampling

interval.

If the qualifier "U" is present, the analyte was analyzed for

but not detected.

If the qualifier "B" is present, the reported value was obtained

from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.
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Table 5-12
Summary of Analytical Results

Vinyl Chloride
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 270 D <5 o]
2 290 D <5 <5
3 320D <5 <5
4 330D <5 <5
5 350 D <5 <5
* . 6 360 D <5 <5
7 336 D <5 <5
8 340 D <5 9

Notes:
(1)

@
€)

(4)

®)

A sample interval was a 12 hour period. This test

consisted of seven consecutive 12 hour sampling intervals.
Samples were collected during the first 4 hours of a sampling
interval.

If the qualifier "U" is present, the analyte was analyzed for
but not detected.

If the qualifier "B" is present, the reported value was obtained
from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an
analysis performed at a secondary dilution.
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Table 5-13
Summary of Analytical Results

Antimony
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 10U 10U 26.5 B
2 10U 10U 10U
3 10U 10U 10U
4 10U 10U 10U
5 10U 10U 10U
6 10U 10U 10U
7 10U 10U 100
Duplicate 10U 10U 10U
g
(1) A sample interval was a 12 hour period. This test
consisted of seven consecutive 12 hour sampling intervals.
(2) Samples were collected during the first 4 hours of a sampling
interval.

)

)

®)

If the qualifier "U" is present, the analyte was analyzed for

but not detected.

If the qualifier "B" is present, the reported value was obtained

from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.

5-17







Table 5-14
Summary of Analytical Results

Arsenic
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 2U 15.4 137
2 2U 2U 11.1
3 2U 2U 9.1B
4 2U 2U 7.9 B
5 2U 2U 2
. 6 2U 2U 598
7 2U 2U 2B
8 20U 2y 7B

Z
=4
9]
7]

(1) A sample interval was a 12 hour period. This test
consisted of seven consecutive 12 hour sampling intervals.
Samples were collected during the first 4 hours of a sampling

@

©)

“)

®)

interval.

If the qualifier "U" is present, the analyte was analyzed for

but not detected.

If the qualifier "B" is present, the reported value was obtained

from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.
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Table 5-15
Summary of Analytical Results

@
(©)

@

®)

Beryllium
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 1B 1U 1B
2 1 1B 1U
3 1U 1U 1B
4 10 1U 1B
5 1U 1U 1U
. 6 1U 1U 10
7 1U 1U 1U
Duplicate 10 1U 1U
Notes:

(1) A sample interval was a 12 hour period. This test

consisted of seven consecutive 12 hour sampling intervals.
Samples were collected during the first 4 hours of a sampling

interval.

If the qualifier "U" is present, the analyte was analyzed for

but not detected.

If the qualifier "B" is present, the reported value was obtained

from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.
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Table 5-16
Summary of Analytical Results

Chromium
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 10U 10U 19
2 10 10U 18
3 10U 10U 23
4 10U 10U 100
5 10U 10U 10U
6 10U 10U 10U
" 10U 10U 10U
8 100 10U 100
Notes:
(1) A sample interval was a 12 hour period. This test

)
©)

4)

®)

consisted of seven consecutive 12 hour sampling intervals.
Samples were collected during the first 4 hours of a sampling

interval.

If the qualifier "U" is present, the analyte was analyzed for

but not detected.

If the qualifier "B" is present, the reported value was obtained

from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.
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Table 5-17
Summary of Analytical Results

Iron
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 8,618 39,000 17,200
2 7,740 8,340 13,200
3 7,270 6,910 19,200
4 7,390 6,590 2,730
# 7,700 7,150 1,140
6 7,570 6,790 4,760
7 7,580 6,870 1,580
Duplicate 7,540 6,690 3,140
Notes:
(1) A sample interval was a 12 hour period. This test

@
©)

(4)

®)

consisted of seven consecutive 12 hour sampling intervals.

Samples were collected during the first 4 hours of a sampling

interval.

If the qualifier "U" is present, the analyte was analyzed for

but not detected.

If the qualifier "B" is present, the reported value was obtained

from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.
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Table 5-18
Summary of Analytical Results

Lead
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 52.0 80.0 13.4
2 34.6 89.5 14.1
3 25.2 45.0 23.6
4 13.2 v 4 % 10.3
5 17.6 11.6 3.7
. 6 12.7 10.8 9.1
7 9.4 18.2 5.0
Duplicate 13.0 20.8 S0
Notes:

(1) A sample interval was a 12 hour period. This test
consisted of seven consecutive 12 hour sampling intervals.

)
€)

@

©)

Samples were collected during the first 4 hours of a sampling

interval.

If the qualifier “U" is present, the analyte was analyzed for

but not detected.

If the qualifier "B" is present, the reported value was obtained

from a reading that was less than the Contract Required
Detection Limit (CRDL), but, greater than or equal to the
Instrument Detection Limit (IDL).

If the qualifier "D" is present, the result was obtained from an

analysis performed at a secondary dilution.
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Table 5-19
Summary of Analytical Results
Manganese
CTO-017
Location/Sample Name
After Oil/Water After Air Stripper After Carbon
Sampling Separator Filter
Interval Sample OW Sample AS Sample CF
ug/L ug/L ug/L
1 56 199 191
2 51 65 149
3 46 57 193
4 45 51 19
5 46 51 83
6 48 54 28
7 46 51 7B
Duplicate 46 51 p 5.
Notes:
(1) A sample interval was a 12 hour period. This test
consisted of seven consecutive 12 hour sampling intervals.
(2) Samples were collected during the first 4 hours of a sampling
interval.
(3) If the qualifier "U" is present, the analyte was analyzed for
but not detected.
(4) If the qualifier "B" is present, the reported value was obtained
from a reading that was less than th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>