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1. INTRODUCTION 

This Final Pilot Study Report for the Navy Fuel Farm facility, Naval Air Station (NAS), 
Willow Grove, Horsham Township, Pennsylvania has been prepared for Northern Division, 
Naval Facilities Engineering Command under Contract No. N62472-92-D-1296), Contract 
Task Order (CTO) No. 09. 

1.1 OBJECTIVE 

The objective of this project was to conduct remedial pilot studies to evaluate the effectiveness 
of two technologies, as described below, in reducing source hydrocarbons at the Navy Fuel 
Farm facility in order to recommend a full scale remedial design. This was accomplished by 
assessing the effectiveness of both light non-aqueous phase liquid (LNAPL) recovery and soil 
vapor extraction (SVE) as source hydrocarbon reduction technologies at the Navy Fuel Farm 
facility through a 32-month pilot study. The pilot study included the installation, operation, 
maintenance, and evaluation of a vacuum enhanced LNAPL recovery pilot system, one passive 
LNAPL skimming device, and two automated LNAPL skimming pumps. The pilot study also 
included performing and evaluating two SVE tests. 

1.2 ORGANIZATION OF THE REPORT 

This report is divided into five chapters. Chapter 1 is the Introduction and includes a summary 
of the scope of work. Chapter 2 describes the pilot study area and includes a summary of the 
site setting, characteristics, and history. Chapter 2 also compares past analytical results to 
current regulatory action levels. Chapter 3 summarizes the pilot study methodologies and 
Chapter 4 presents the pilot study results. Conclusions and recommendations for full scale 
remedial implementation at the Navy Fuel Farm facility are included in Chapter 5. 

I.3 SCOPE OF WORK 

The Pilot Study was conducted in accordance with the Work Plan for Pilot-Scab Testing of 
Free-Product Recovery and Aquifer Air Sparging (EA, 1993a). The scope of work outlined in 
the work plan included two phases: 

Phase I - LNAPL Recovery 

. Installation of a pilot LNAPL recovery system at well NFFW-2R and initiation of 
LNAPL recovery by water table depression and vacuum enhanced pumping at well 
NFFW-2R; and 

. installation of automated LNAPL skimming pumps in wells NFFW-6 and NFFW-19 to 
assess the potential for continuous LNAPL yield without depressing the water table. 
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Phase II - Source and Residual Hydrocarbon Reduction 

• Evaluation of the effectiveness of SVE in combination with Aquifer Air Sparging 
(AAS) including the installation and operation of a 14 trench/24 wen SVEI AAS pilot 
system to remediate residual phase hydrocarbons in the zone of water table fluctuations. 

Phase II of the scope of work was changed during the pilot study to substitute a two-part SVE 
field test for the SVEI AAS evaluation. This change was made because of concerns that 
SVEI AAS would not be appropriate due to the occurrence of LNAPL throughout the site. The 
occurrence of LNAPL is closely, if not exclusively, related to water table fluctuations in the 
fracture zone. Air sparging does not address LNAPL in this setting. Removal of LNAPL is 
substantially more cost effective than dissolved-phase remediation. Therefore, this change in 
scope allowed the LNAPL recovery portion (Phase I) of the pilot study to be extended and as a 
result accomplish more remediation during the course of the pilot study than would be gained 
by conducting the SVElAAS evaluation. This change was authorized in a NAVFAC Record of 
Change letter dated 27 January 95. The Record of Change letter induded provisions for the 
evaluation of small scale SVE testing during high and low water table periods (spring and 
summer) at 3 existing monitoring wells. 

Activities conducted during the Pilot Study are summarized on Table 1. The scope of work 
included the following: 

• gauging site monitoring wells to assess the nature and extent of LNAPL, 

• evaluating the effectiveness of vacuum-enhanced LNAPL recovery, 

• 

• 

sampling of the pilot system ground-water effluent to demonstrate treatment prior to 
discharge to the sanitary sewer 

monitoring of the air emissions to evaluate the perfonnance of the air treatment system . 
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2. PILOT STUDY AREA DESCRIPTION 

2.1 SITE SETTING 

The Navy Fuel Farm is located along the north side of Privet Road and immediately south of 
the Pennsylvania Air National Guard (PAANG) portion of the Air Reserve Facility (ARF) at 
NAS Willow Grove. Figure 1 is a site location map and Figure 2 is a site plan of the Navy 
Fuel Farm. The Navy Fuel Farm and a portion of the adjoining property to the north, 
occupied by PAANG (Buildings 345 and 340), constitute the area requiring remedial efforts 
and include the area within which the pilot test was conducted. The Navy Fuel Farm is 
bordered on all sides by NAS grounds. Abutting the Navy Fuel Farm to the north are ARF 
Buildings 330, 340, and 345. Several other base facilities exist within 1,000 ft of the site. 
The Navy Fuel Farm is approximately 2 acres in area and consists of three aboveground 
storage tanks, associated aboveground piping, and building Nos. 119 and 8 1. 

The topography of the Navy Fuel Farm area is characterized as flat and gently sloping to the 
north-northwest. There is a slight downgrade at the north end of the facility which encourages 
runoff to flow northeast into the catchment basin or the adjacent ditch. 

On and directly adjacent to the Navy Fuel Farm grounds exist several buried utilities, 
including water, electric, sewer, telephone, and product piping. Several storm sewer and 
sanitary sewer lines traverse the southern portion of Navy Fuel Farm grounds. In addition, a 
water main also extends across facility grounds. 

2.2 SITE GEOLOGY 

Site geology has been characterized based on the geologic logs of 40 soil borings installed on 
and adjacent to the Navy Fuel Farm, 21 of which were completed as ground-water monitoring 
wells. Soil cover at the site varies in thickness from 6 to 21 ft. In general, soil depth 
increases from south to north, reflecting the dip of the underlying strata. The northeast edge 
of the site is underlain by soil types belonging to the Readington Silt Loam group; the 
remainder of the site is covered with fill material. The site-specific shallow stratigraphy is 
comprised primarily of silty clay and clayey silt with varying amounts of sand and little gravel. 
The high proportion of clay in the soil leads to reduced permeability and slow infiltration 
rates. 

Unconsolidated materials at the site are underlain by the Middle Arkosic Member of the Late 
Triassic Stockton Formation. This member consists of interbedded red shale, siltstone, and 
gray-tan, medium-granted, Arkosic sandstone which was deposited as part of coalescing fluvial 
channel system. Red shale and siltstone are predominant along the south edge of the site, 
whereas the Arkosic sandstone underlies the remainder of the site. 
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Depth to competent bedrock may range from 6 ft in areas where soH was previously removed 
to competent sandstone bedrock during site construction activities to 20 ft in areas underlain by 
shale or siltstone. Relict bedding structure is often pre.lilent as a zone several feet thick and 
overlying shale or siltstone units. Regional dip ranges from 5 to 15 degrees w.ith strike to the 
north-northwest (Rima et ai. 1962), Beds vary in thickness, often pinching out or grading into 
other facies, making interpretation of lithologic occurrence difficult. 

Regionally, small displacement normal faults trending northeast-southwest are present 
throughout the unit. Two sets of vertical joints, roughly parallel and perpendicular to the 
strike direction, are well developed. A third set of joints, though not as well expressed as the 
first two, trends northwest-southeast (Rima et al. 1962). 

2.3 SITE HYDROGEOLOGY 

The depth to static ground water at the site on 19 February 1996 ranged from approximately 4 
ft (well NFFW-9) to 26 ft (well NFFW-20) below grade. However, water levels in the 
monitoring wens fluctuate several feet annually due to seasonal influences. In most cases, 
ground water is observed within bedrock fractures or within the weathered zone immediately 
overlying competent bedrock. Static water levels not only reflect the regional potentiometric 
surface but also the composite head resulting from the different water-yielding zones 
penetrated during drilling. For this reason, water levels may show marked differences in 
nearby wens depending on the number and size of fractures intercepted by each well. 

Based upon several rounds of weU gauging, historic ground-water flow at the Navy Fuel Farm 
is predominantly to the north, as illustrated in Figure 3. However, because flow is primarily 
through fractures within the bedrock or weathered bedrock, localized flow direction may vary. 
Ground water tlow through the Arkosic sandstone is more rapid than through the 
shale/siltstone as evidenced by more rapid recharge rates during well development and purging 
than during sampling. This may be due to the greater size and density of the fractures present 
within the sandstone. 

Using the Neuman Method for unconfined aquifers, the average hydraulic conductivity, as 
derived from pumping test data at wells NFFW-2R, NFFW-8, NFFW-12, NFF\V-14, and 
NFFW-16 (EA 1991), was estimated at 4.05 x 10-5 ern/sec. The average ground-water velocity 
has been estimated at 30 ftlyear, assuming an effective porosity of 7 percent and a hydraulic 
gradient of 0.029 ft/ft (EA 1991). Aquifer tests conducted during low water table conditions 
have indicated that the wells are low yielding, typically 0-2 gal per minute (EA 1991), 
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2.4 PREVIOUS INVESTIGATIONS 

The pilot study was based on the conclusions and recommendations of the following reports 
and regulations: 

. 

l 

0 

. 

. 

. 

0 

0 

. 

. 

Plan of Action for Site Inspection, NAS Willow Grove, Pennsylvania. (EA 
February, 1988a). 

Draft Appendix B, Soil Vapor Contaminant Assessment at NAS Willow Grove. 
(EA December, 1988b). 

Interim Report, Electromagnetic Survey, Soil Vapor Contaminant Assessment, 
and Revised Field Sampling Plan for Site Inspection Studies at NAS Willow 
Grove. (EA March, 1989a). 

Final Report, Environmental Test Boring Investigation at the Navy Fuel Farm, 
NAS Willow Grove, Horsham Township, Pennsylvania. (EA June, 1989a) 

Final Report, Site Inspection Studies at NAS Willow Grove, Horsham 
Township, Pennsylvania. Volumes I and II. (EA May, 1990) 

Final Interim Report on Investigations at the Navy Fuel Farm, NAS Willow 
Grove, November 1990 - July 1991. (EA November, 1991). 

Final Report of Interim Site Investigations, Navy Fuel Farm - Willow Grove 
NAS. (EA September, 1993b). 

Commonwealth of Pennsylvania Department of Environmental Resources 
(PADER). Protective Levels and Criteria for the Excavation, Treatment, 
Cleanup and Disposal of Virgin Fuel Contaminated Soil. (PADER October, 
1991). 

Commonwealth of Pennsylvania Department of Environmental Resources, 
Ground Water Quality Protection Strategy. (PADER February, 1992). 

Title 25 - Pennsylvania Code Chapter 245 Subchapter D, Storage Tanks; 
Corrective Action. August. Commonwealth of Pennsylvania, Environmental 
Quality Board (EQB 1993). 
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2.5 mSTORY OF FUEL STORAGE AND PRODUCT RELEASES AT THE NAVY 
FUEL FARM 

From 1950 to 1991, two partially buried 21O,OOO-gal JP-4/JP-5 aviation fuel tanks (Tank Nos. 
115 and 116) were located at the site. A 500-gal underground waste oil tank and an 
underground diesel tank were also located at the southwestern comer of the site. Figure 4 is a 
site map of the Navy Fuel Farm prior to 1991. 

In 1986, a spill occurred when Tank 115 was overfilled and fuel was released from the vent 
pipe onto the ground. The event was attributed to faulty gauges which registered less fuel than 
was actually present. During this same year, a utility trench was excavated along the western 
boundary of the site but work discontinued when LNAPL was observed floating on the water 
within the trench. The area where the LNAPL was discovered is immediately adjacent to a 
former drywell. The drywell accept.ed water which was periodically siphoned from the bottom 
of the fuel tanks. 

In March 1989. JP-S jet fuel was detected emanating from two patches of dead grass on the 
west side of Tank 115. Heavy rains flushed this fuel into the ditch on the north side of the 
site. Navy personnel responded with the placement of sorbant material in the ditch and 
adjacent to Tank 115. With this evidence of tank leakage, it was decided to empty and remove 
the two main fuel t.1.nks (Tank Nos. 115 and 116). Removal of these tanks occurred in 1991. 
Also during this time, the waste oil and diesel underground storage tanks were removed. 
Inspection of the waste oil tank during removal revealed the tank was not intact as holes up to 
1-in. in diameter were reported. 

Subsequent to the completion of removal activities, a new aboveground tank system was 
installed to the east of the former tank field location. In order to accommodate the newly 
constructed Navy Fuel Farm, Building No. 157 was removed. The new tank system at the 
Navy Fuel Farm consists of aboveground steel tanks set in a concrete berm. The Navy Fuel 
Farm is currently inactive. 

2.6 COf\.fPARISON OF ANALYTICAL RESULTS TO REGULATORY ACTION 
LEVELS 

As listed in Section 2.4, several previous investigations have been conducted at the Navy Fuel 
Farm. Regulatory oversight of the environmental concerns associated with the Navy Fuel 
Farm is in the process of being transferred from the Navy's Inst.1.l1ation Restoration OR) 
Program to the State of Pennsylvania's USTI AST program. Therefore, this section presents a 
comparison of the results of soil and ground-water sampling and analysis to the action levels 
established by Pennsylvania's Land Recycling Program. 
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2.6.1 Soil Samples 

Soil samples in the vicinity of the fuel farm were first collected in March 1989 as part of an 
investigation to assess potential subsurface hydrocarbon contamination in areas planned for 
future construction (EA 1989b). At that time a total of 24 soil samples were collected from 18 
borings installed around Building 340 (Figure 5). The samples were analyzed for benzene, 
toluene, ethylbenzene, and xylenes (BTEX). As shown on Table 2 none of the samples 
collected contained individual BTEX components exceeding the action levels. 

Also in 1989 as part of additional investigations at the Navy Fuel Farm 4 soil samples were 
collected during the installation of 3 monitoring wells and one soil boring (EA 1989b). The 
samples were analyzed for several volatile organic compounds and base neutral extractable 
compounds. Only 1 of the 4 samples collected contained volatile organic compound 
concentrations exceeding the regulatory action level. Methylene chloride and 2-butanone (or 
methyl ethyl ketone [MEK]) were reported in the soil sample collected from monitoring well 
NFFW-7. Methylene chloride was present at a concentration of 2,300 pg/kg and the action 
level is 500 pg/kg. The concentration of 2-butanone was 88 pg/kg and the action level is 50 
pg/kg. The results of the volatile organic compound analyses are summarized on Table 3. 

Additional soil samples were collected in April 1991 during the installation of 4 monitoring 
wells and analyzed for BTEX (EA 1991). Of the 4 samples collected, only 1 sample contained 
a concentration of any analyte exceeding the regulatory action level. The sample collected 
from monitoring well NFFW-8 reported a total xylene concentration of 290,000 pg/kg 
compared to a action level of 5,000 gg/kg. These results are also summarized on Table 3. 

2.6.2 Ground Water Samples 

A total of 36 ground-water samples were collected from selected monitoring wells on 5 
occasions from June 1989 through June 1993. Of the 23 ground-water samples collected prior 
to June 1993, 8 samples contained concentrations of benzene in excess of the 5 pg/L guidance 
criteria with concentrations ranging from 10 to 990 pg/L. These wells were NFFW-1, 2 (two 
samples), 7 (two samples), 9, 13 and 16. None of the other anlytes tested exceeded the 
guidance criteria. It should be noted that several existing wells were not sampled due to the 
occurrence of LNAPL. 

During the most recent, June 1993, sampling event 5 of the 13 ground-water samples collected 
contained benzene concentrations in excess of the 5 pug/L guidance criteria with concentrations 
ranging from 6-67 pg/L. These wells were NFFW-5, 9, 11, 17, and 19. Benzene was the 
only analyte to exceed the action level. The results of the June 1993 sampling event are 
summarized on Table 4. During this event wells NFFW-1, 2R, 6, 7, 12, 13, 14, 16, and 19 
were not sampled due to the presence of LNAPL. 
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Ground water samples were also collected from well NFFW-2R during the pilot study. A total 
of 7 samples were collected between April 1995 and July 1996 and analyzed for BTEX, 
naphthalene, and total petroleum hydrocarbons (TPH). Each sample exceeded the 5 p,g/L 
benzene and 20 p.g/L naphthalene guidance criteria. The sample results are summarized on 
TableS. 
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3. PILOT STUDY METHODOLOGIES 

3.1 LNAPL RECOVERY PILOT SYSTEM - WELL NFFW-2R 

3.1.1 Objective 

The primary objective of the LNAPL recovery pilot system installed at well NFFW-2R was to 
evaluate vacuum enhanced LNAPL recovery in conjunction with water table depression. 

3.1.2 Technology Description 

LNAPL recovery employing water table depression, vacuum enhancement, and automated 
skimmers are proven technologies for the removal of LNAPL. Water table depression through 
ground-water pumping during vacuum enhanced recovery maintains localized hydraulic control 
and initiates a “cone of depression” around the pumping well. A conceptual diagram 
illustrating the technology and the pilot system components is shown in Figure 6. 

A complete, detailed description of the mechanisms of vacuum enhanced LNAPL recovery is 
included in the Pilot Study Work plan (EA, 1993a). In summary, vacuum-enhanced recovery 
involves the application of a vacuum to the recovery well which increases the pressure gradient 
toward the recovery well, thus increasing the LNAPL recovery rate. Due to the higher 
pressure differential, the travel time from the edge of the capture zone is decreased and project 
life can be decreased. In addition, because the “effective” drawdown (pressure differential) is 
increased without an increase in the actual water table drawdown, smearing of LNAPL in the 
dewatered zone is decreased. Also, by applying a vacuum to the vadose zone, LNAPL entry 
pressures are reduced to facilitate collection of LNAPL at the recovery well. As a result, the 
amount of residual LNAPL is minimized and the potential for LNAPL recovery is maximized. 

The potential advantages of employing vacuum-enhanced LNAPL recovery are: (1) increased 
LNAPL recovery rates, (2) increased capture zone, (3) decreased project life, and (4) 
increased LNAPL recovery from the unsaturated zone by inducing LNAPL collection at the 
recovery well and vapor-phase recovery through vacuum extraction. 

The potential disadvantages of employing vacuum-enhanced LNAPL recovery are: 
(1) increased ground-water pumping rates may increase water treatment costs, (2) air emissions 
may require treatment, and (3) additional capital costs associated with recovery equipment. 

3.1.3 System Components 

The LNAPL recovery pilot system was installed at well NFFW-2R during February and 
March 1994 in accordance with the LNAPL recovery pilot system implementation plan @A, 
1993c) and design documents. The major system components include an integral water table 
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depression/LNAPL recovery pump, LNAPL holding tank, two granular activated carbon 
(GAC) units, vacuum blower, and a thennal oxidizer. A description of each system 
component and its function is given below. 

An ORS Small Diameter Filter ScavangerTM dual pumping system with an ORS SITEPRO™ 
2000 Control Panel are utilized for water table depression and LNAPL recovery. This system 
consists of a 113 horsepower (HP) submersible pump with a ma.ximum mting of 7 gallons per 
minute (gpm) at 40 ft head and a gear driven LNAPL pump wIth a rating of 0.67 gpm at a 
pressure of 40 pounds per square inch (psi). The LNAPL pump is equipped with a floating 
intake and a LNAPL reservoir providing 1 ft of intake traveL Recovered LNAPL is pumped 
directly to a 500 gallon (gal) double wall steel holding tank equipped with a high level shutoff. 
Ground water is pumped through dual 200 pound liquid-phase GAC canisters in series; treated 
ground-water discharge flows through an aboveground line approximately 400 ft to a sanitary 
sewer manhole (Figure 2). 

Vacuum enhancement is accomplished with a Rietschle Model VFT 40 rotary vane vacuum 
pump capable of producing a flow rate of approximately 8 standard cubic feet per minute 
(scfm) at a vacuum of 25 inches mercury (in-Hg). Extracted air flows through a moisture 
separator and an in-line air filter prior to the vacuum pump and was initially treated with dual 
200 pound vapor-phase GAC units in series prior to atmospheric discharge; however, elevated 
hydrocarbon concentrations made this treatment method uneconomicaL A thermal oxidizer, 
Thermtech VAC-25, was later installed for vapor-phase hydrocarbon treatment. 

All treatment equipment, with the exception of the thermal oxidizer, is contained in the 
treatment building at the location shown on Figure 2. A schematic of the vacuum-enhanced 
LNAPL recovery pilot system inst:1.Ued at weH NFFW-2R illustrating the interconnection of 
the various components is shown in Figure 6. 

3.1.4 Data Collection 

Site visits were generaUy conducted twice monthly to monitor the operation of the LNAPL 
recovery pilot system. During each regular site visit all monitoring wens were gauged for 
depth-to-LNAPL and water. Flow rate, total flow, and LNAPL recovery of the pilot system 
were recorded and preventive system maintenance was conducted. Samples of influent. 
primary GAC effluent, and secondary GAC efnuent were coUected on seveml occasions to 
monitor the effectiveness of the GAC treatment system. These &'1.mples were analyzed at EA 
Laboratories in Sparks, Maryland for BTEX and naphthalene via EPA Method 8020 and for 
gasoline range TPH via EPA Modified Method 8015. 

During vacuum-enhanced operations the vacuum system flow rate, temperature, vacuum, and 
influent. hydrocarbon concentrations were monitored weekly during the first three months of 
operation and twice monthly thereafter. The thermal oxidizer operating temperature and 
hydrocarbon emission concentrations were also recorded during each visit. Hydn)carbon 
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concentrations (extracted soil vapor and air emissions) were field monitored with an organic 
vapor analyzer (OVA) and/or a lower explosive limit (LEL) meter. Samples of the extracted 
soil vapor and the air emissions were collected on several occasions and analyzed for TPH by 
gas chromatography (reported as toluene equivalents). 

3.2 AUTOMATED AND PASSIVE LNAPL SKIMMING 

3.2.1 Objective 

Automated skimming at wells NFFW-6 and NFFW-19 and passive skimming at various wells 
including NFFW-14 and NFFW-16 without the aid of water table depression or vacuum- 
enhancement was conducted to evaluate whether automated and passive skimming devices can 
sufficiently diminish LNAPL occurrence at these locations. 

3.2.2 Technology Description 

Automated skimming utilizes a LNAPL pump to continuously remove LNAPL from a well 
thereby inducing a LNAPL gradient toward the well. Passive skimming devices function in a 
similar manner; however, they have a fixed LNAPL storage capacity. When the storage 
capacity is reached, the device must be manually removed from the well, emptied, and 
reinstalled. Each type of unit has a fixed intake range and must be manually positioned within 
the LNAPL layer. Each of these technologies require the LNAPL to be at zero entry pressure 
to move into the well. Therefore LNAPL trapped by capillary pressures or water pressures 
that preclude movement of LNAPL, can not be recovered. 

3.2.3 System Components 

The two automated skimming systems utilize ORS Small Diameter Filter ScavengerT” LNAPL 
pumps and ORS SITEPRO 2000TM Control Panels. As shown in Figure 7 the pumps discharge 
directly to a secondarily contained 55gallon drum equipped with a high-level shutoff device. 
The passive skimming device was manufactured by Clean Environment Equipment and has a 
19.5- inch intake travel range and a 0.37 gal storage capacity. The passive skimmer was 
installed completely within the well and manually removed and emptied into a secondarily 
contained %-gallon drum. 

3.2.4 Data Collection 

As discussed in Section 3.1.4 site visits were regularly conducted twice monthly. During each 
visit the depth-to-LNAPL/water was recorded and the volume of LNAPL recovered was 
measured at each automated skimmer. 
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The passive skimmer was removed from the wen, volume of LNAPL recovered was 
measured, LNAPL was transferred to a holding drum, depth-to-LNAPL/water was recorded 
and the skimmer was reinstalled. 

In both cases the skimmer intake levels were maintained to coincide with the LNAPL/water 
interface. 

3.3 SOIL VAPOR EXTRACTION TESTING 

3.3.1 Objective 

The objective of this phase of the pilot study was to evaluate the effectiveness of SVE as a 
remedial technology for reducing concentrations of residual petroleum hydrocarbons known to 
exist in the vadose and water table fluctuation zones. Because LNAPL occurrence varied with the 
water table elevation, SVE tests were conducted during periods of both high and low water table 
elevations to assess if SVE effectiveness also varies. Soil vapor extraction tests were conducted 
to specifically evaluate the relationship between (1) applied vacuum and extracted air flow rate 
and (2) applied vacuum and radial influence given different water table elevations. Petroleum 
hydrocarbon concentrations and removal rates were also characterized as part of the radial 
influence tests. 

3.3.2 Technology Description 

SVE is a proven and wen documented technology effective in the removal of vapor and sorbed
phase petroleum hydrocarbons from the vadose zone. It differs from vacuum-enhanced LNAPL 
recovery in that the goal is to recover vapor and sorbed-phase petroleum hydn.1Carbons rather than 
separate-phase hydrocarbons. Hydrocarbons are removed from the vadose zone as a negative 
pressure (vacuum) is exerted by a vacuum pump connected to an extraction well. This results in 
the generation of soil vapor flow towards the extraction well, while concurrently effecting an 
interphase transfer from the immiscible and water phases to the vapor phase. which is 
subsequently extracted (Marley et ale 1990). Another important remedial process which occurs 
during SVE is in situ aerobic biodegradation. The pumping action of the SVE process provides 
a continuous soH air flow, which in turn supplies rate-limiting oxygen, enhancing aerobic 
biological degradation. For petroleum hydrocarbons, biodegradation has been reported to 
contribute as much as 55-85 percent. of the removal .rate (of jet fuel) during SVE Qv.[iHer et al. 
1990). For purposes of this perform.:111ce evaluation, biodegradation processes will be considered 
p..'lrt of the overall SVE hydrocarbon mitigation process. A more complete technology description 
including a more detailed discussion of transfer and transport mechanisms is included in the Pilot 
Study Work plan (EA, 1993a). 
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3.3.3 Testing Methodologies 

The testing methodologies employed during the high water table (April 1995) and low water table 
(July 1995) SVE tests are summarized below. The complete reports of the April and July tests 
are contained in Appendices A and B, respectively. In each case, the testing was conducted 
utilizing a mobile SVE test trailer. The trailer consists of a vacuum pump equipped with a 
moisture separator, activated carbon treatment canisters, flow and vacuum gauges, and sample 
ports. The vacuum extraction system is shown schematically in Figure 8. 

3.3.3.1 High Water Table Test (April 1995) 

Individual SVE tests were conducted on wells NFFW-4, NFFW- 7, and NFFW-16 from 4 April 
through 6 April 1995. Individual system head tests were conducted on each of the three test 
wells in order to develop site specific relationships between applied vacuum and extracted air flow 
rate. The tests were conducted by applying 5 different vacuums to the extraction well in a 
decreasing stepped manner. Each vacuum was applied until the corresponding flow rate 
stabilized, this occurred within approximately 20 minutes in each case. Once the flow rate 
stabilized, a different vacuum was applied and the test was repeated. System head tests were 
conducted before radial influence tests. 

Radial influence tests were used to measure the radial distance influenced by the applied vacuum 
at the extraction well and to assess hydrocarbon removal rates. The radius of influence was 
measured by installing six soil vapor probes into the subsurface at various distances in two 
directions from the extraction well. During each test a constant vacuum was applied to the 
extraction well for approximately two hours and the induced vacuum on the soil vapor probes was 
recorded regularly. Vapor flow rate and temperature were also recorded throughout the test. 

To assess hydrocarbon removal rates, samples of extracted soil vapor were collected 
approximately every 30 minutes and analyzed for petroleum range and chlorinated hydrocarbons. 
The samples were analyzed onsite with EA’s mobile field gas chromatograph. The analysis results 
and the extraction air volume flow rate were utilized to assess the hydrocarbon mass removal rates 
associated with each test well. 

3.3.3.2 Low Water Table Test (July 1995) 

Individual system head and radial influence tests were conducted on wells NFFW-4 and NFFW- 16 
on 6 July 1995 in the manner discussed in Section 3.3.3.1. 
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4. PILOT STUDY RESULTS 

4.1 RECOVERY SYSTEMS OPERATION 

4.1.1 System Operation at NJ?FW-2R 

The LNAPL recovery pilot system at well NFFW-2R began continuous operation in March 
1994. Initial operation included only water table depression and LNAPL recovery as shown on 
Table 1. Vacuum-enhancement was added in June 1994. Vacuum-enhanced LNAPL recovery 
was only operated for a short time in June before it was apparent that hydrocarbon 
concentrations in the extracted air stream where too elevated for conventional GAC treatment. 
As a result the vacuum-enhanced portion of the system was turned off. Water table depression 
and LNAPL recovery continued through July 1995. Vacuum-enhancement was once again 
added in August 1995 upon the installation of a thermal oxidizer for vapor-phase hydrocarbon 
treatment. 

As a result of circumstances noted, the LNAPL recovery pilot system was not operated for the 
following intervals during the 24-month test period: 

17 August 1994 - 4 October 1994 System inoperable due to lightning 
damaged control panel 

22 November 1995 - 26 February 1996 Vacuum system inoperable due to blower 
mechanical failure, LNAPL system 
operable 

21 December 1995 - 23 February 1996 LNAPL recovery system inoperable due to 
a damaged discharge line 

4.1.2 System Operation at NFFW-6 and NF’FW-19 

The automated skimmers were installed in wells NFFW-6 and NFFW-19 in March 1994 and 
the passive skimmer was first installed in well NFFW-16 in August 1994. The passive 
skimmer was used in several site wells as site conditions (LNAPL occurrence) dictated. Due 
to the absence of LNAPL in well NFFW-6, the automated skimmer was moved to well 
NFFW-14 in February 1996. 

As a result of circumstances noted, the automated skimmers were not operated for the 
following intervals during the test period: 

17 August 1994 - 4 October 1994 Both systems inoperable due to lightning 
damage to control panels 
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1 August 1995 - 26 February 1996 

4.2 GAUGING RESULTS 

Both systems inoperable due to lightning 
damage to control panels 

AU site monitoring wells were gauged at least twice a month. Some of the monitoring wells 
closer to the recovery well NFFW-2R were gauged more frequently. Complete gauging 
results are included in Appendix A. 

4.2.1 Water Table Fluctuation 

The gauging results indicate a large seasonal fluctuation of the water table. Several wells 
(NFFW-3, -4, -6, -7) went dry during the period of the pilot test. The average water t.able 
fluctuation was 17.9 ft and the range of water table fluctuation was 12.5 ft in NFFW-l to 24.4 
ft in NFFW-21. This fluctuation is typically seasonal with the low water table elevations 
occurring in the summer and the high water table elevations occurring in the spring. 
However, the water table elevation is variable even over short time periods. For exampl.e, in 
NFFW-14, the water table dropped 4.28 ft over a 12 day period from 290.08 ft on 1 July 1994 
to 285.80 ft on 13 July 1994 and then rose 9.31 ft to 295.11 ft on 5 August 1994. 

4.2.2 Ground \Vater Flow Direction 

Throughout the pilot study the ground-water flow direction was primarily to the north-east. 
This flow direction was consistent during periods of high and low wat.er table elevations. 
Figures 3, 9, and 10 show the potentiometric surface and ground-water flow directions on 4 
April 1994, 27 April 1995. and 8 December 1995. 

4.2.3 LNAPL Occurrence and Distribution 

The occurrence of LNAPL in monitoring wells is directly related to periods where the water 
levels are falling. LNAPL has been detected in 11 of the site's 21 monitoring weBs primarily 
at times when the water table elevation was decreasing. The occurrence is more dramatic in 
some wells (NFFW 2R and NFFW-14), however, it is an immediate and direct response. This 
relationship between LNAPL occurrence and water table fluctuation is illustrated graphically in 
Appendix B. The immediacy of the occurrence is indicative that the LNAPL's time-of-travel 
is short, indicating a more direct. trdvel route and/or a short. distance from the well. Obviously 
one of the limitations of documented occurrence, is the limits of the monitoring network (Le. 
location of wens within the LNAPL plume). Table 6 summarizes the occurrence of LNAPL in 
the monitoring wells. LNAPL was present most often in NFF\V-14 (77% of the gauging 
events), NFFW-2R (56%), and NFFW-16 (42%). These wens were also the only wells where 
a LNAPL layer over 1 ft thick was gauged. 
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Both systems inoperable due to lightning 
damage to control panels 

AU site monitoring wells were gauged at least twice a month. Some of the monitoring wells 
closer to the recovery well NFFW-2R were gauged more frequently. Complete gauging 
results are included in Appendix A. 

4.2.1 Water Table Fluctuation 

The gauging results indicate a large seasonal fluctuation of the water table. Several wells 
(NFFW-3, -4, -6, -7) went dry during the period of the pilot test. The average water t.able 
fluctuation was 17.9 ft and the range of water table fluctuation was 12.5 ft in NFFW-l to 24.4 
ft in NFFW-21. This fluctuation is typically seasonal with the low water table elevations 
occurring in the summer and the high water table elevations occurring in the spring. 
However, the water table elevation is variable even over short time periods. For exampl.e, in 
NFFW-14, the water table dropped 4.28 ft over a 12 day period from 290.08 ft on 1 July 1994 
to 285.80 ft on 13 July 1994 and then rose 9.31 ft to 295.11 ft on 5 August 1994. 

4.2.2 Ground \Vater Flow Direction 

Throughout the pilot study the ground-water flow direction was primarily to the north-east. 
This flow direction was consistent during periods of high and low wat.er table elevations. 
Figures 3, 9, and 10 show the potentiometric surface and ground-water flow directions on 4 
April 1994, 27 April 1995. and 8 December 1995. 

4.2.3 LNAPL Occurrence and Distribution 

The occurrence of LNAPL in monitoring wells is directly related to periods where the water 
levels are falling. LNAPL has been detected in 11 of the site's 21 monitoring weBs primarily 
at times when the water table elevation was decreasing. The occurrence is more dramatic in 
some wells (NFFW 2R and NFFW-14), however, it is an immediate and direct response. This 
relationship between LNAPL occurrence and water table fluctuation is illustrated graphically in 
Appendix B. The immediacy of the occurrence is indicative that the LNAPL's time-of-travel 
is short, indicating a more direct. trdvel route and/or a short. distance from the well. Obviously 
one of the limitations of documented occurrence, is the limits of the monitoring network (Le. 
location of wens within the LNAPL plume). Table 6 summarizes the occurrence of LNAPL in 
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Figures 11 through 16 are isopach maps for periods of both high and low water table 
conditions throughout 1994 and 1995. These figures illustrate that LNAPL is found in only a 
few wells during periods of high water table elevations and is more prevalent across the site 
during periods of low water table elevations. 

Intuitively, if the water table (and LNAPL levels) fluctuate so dramatically, when 
LNAPL/water is below the intakes of the pump(s), vacuum (vapor) may facilitate removal (by 
partitioning from separate to vapor-phase). However, the potential for success is limited by 
air contacting separate or residual-phase hydrocarbons. 

4.3 LNAPL RECOVERY 

The LNAPL recovery systems at wells NFFW-2R, NFFW-6, and NFFW-19 were installed 
during February-March 1994. This section summarizes the operational data from these 
systems. 

4.3.1 Well NF’FW-2R 

During the 32-month pilot period (March 1994 - October 1996) the LNAPL recovery pilot 
system at well NFFW-2R was operated both with and without vacuum-enhancement. The total 
volume of LNAPL recovered was 1,513 gal and 1,435,392 gal of ground water was pumped. 
Additionally, the equivalent of approximately 401 gal of LNAPL was recovered in the vapor- 
phase through vacuum-enhanced operation, for a total LNAPL recovery of 1,914 gal. 

4.3.1-l LNAPL Recovery Without Vacuum Enhancement 

Operation of the LNAPL recovery pilot system started on 30 March 1994 and the results are 
summarized on the data table for well NFFW-2R in Appendix A. At startup of the system 
there was no LNAPL in NFFW-2R and the water pumping rate was approximately 4-6 gpm. 
The recovery system operated without vacuum enhancement until 3 June 1994. From 30 
March-3 June 1994, the recovery system at NFFW-2R recovered 215.75 gal of LNAPL and 
pumped 151,922 gal of ground water. The average LNAPL recovery during this time period 
was approximately 3.3 gal per day at a ground-water flow rate of 1.6 gpm. However, the 
majority of the LNAPL was recovered between 13 May and 3 June when the LNAPL/water 
interface elevation in the well fell to between 288 and 291 ft msl. During this time period 
LNAPL recovery averaged approximately 9.7 gal per day at an average ground-water pumping 
rate of 1.4 gpm. 

After operating under vacuum enhanced conditions in June 1994, the recovery system at 
NFFW-2R operated without vacuum enhancement from July 1994-July 1995. During this time 
period, approximately 980 gal of LNAPL was recovered and 194,951 gal of ground water was 
pumped. The average recovery was 2.5 gal of LNAPL per day at a ground-water flow rate of 
0.3 gpm. However, during periods of low water table elevation the oil/water interface 
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Figures 11 through 16 are isopach maps for periods of both high and low water table 
conditions throughout 1994 and 1995. These figures illustrate that LNAPL is found in only a 
few wells during periods of high water table elevations and is more prevalent across the site 
during periods of low water table elevations. 

Intuitively, if the water table (and LNAPL levels) fluctuate so dramatically, when 
LNAPL/water is below the intakes of the pump(s), vacuum (vapor) may facilitate removal (by 
partitioning from separate to vapor-phase). However, the potential for success is limited by 
air contacting separate or residual-phase hydrocarbons. 

4.3 LNAPL RECOVERY 

The LNAPL recovery systems at wells NFFW-2R, NFFW-6, and NFFW-19 were installed 
during February-March 1994. This section summarizes the operational data from these 
systems. 

4.3.1 Well NFFW-2R 

During the 32-month pilot period (March 1994 - October 1996) the LNAPL recovery pilot 
system at well NFFW-2R was operated both with and without vacuum-enhancement. The total 
volume of LNAPL recovered was 1,513 gal and 1,435,392 gal of ground water was pumped. 
Additionally, the equivalent of approximately 401 gal of LNAPL was recovered in the vapor
phase through vacuum-enhanced operation, for a total LNAPL recovery of 1,914 gal. 

4.3.1.1 LNAPL Recovery Without Vacuum Enhancement 

Operation of the LNAPL recovery pilot system started on 30 March 1994 and the results are 
summarized on the data table for well NFFW-2R in Appendix A. At startup of the system 
there was no LNAPL in NFFW-2R and the water pumping rate was approximately 4-6 gpm. 
The recovery system operated without vacuum enhancement unti13 June 1994. From 30 
March-3 June 1994, the recovery system at NFFW-2R recovered 215.75 gal of LNAPL and 
pumped 151,922 gal of ground water. The average LNAPL recovery during this time period 
was approximately 3.3 gal per day at a ground-water flow rate of 1.6 gpm. However, the 
majority of the LNAPL was recovered between 13 May and 3 June when the LNAPL/water 
interface elevation in the well fell to between 288 and 291 ft ms!. During this time period 
LNAPL recovery averaged approximately 9.7 gal per day at an average ground-water pumping 
rate of 1.4 gpm. 

After operating under vacuum enhanced conditions in June 1994, the recovery system at 
NFFW-2R operated without vacuum enhancement from July 1994-July 1995. During this time 
period, approximately 980 gal of LNAPL was recovered and 194,951 gal of ground water was 
pumped. The average recovery was 2.5 gal of LNAPL per day at a ground-water flow rate of 
0.3 gpm. However, during periods of low water table elevation the oil/water interface 
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dropped below the intake for the recovery pump and LNAPL could not be recovered except by 
bailing wen NFFW-2R. Well NFFW-2R has an approximate depth of 35.5 ft from the top-of
casing (TOe) and the water table depression/LNAPL skimming pump has a length of 
approximately 6 ft with a LNAPL intake range of approximately 4.5 to 5.5 ft. Therefore, 
when the LNAPL/water interface is greater than approximately 30 ft below TOe the LNAPL 
layer is outside (below) the operable range of the pump. Furthermore, when the water table is 
high, LNAPL appears to become isolated from the well. 

The relationship between ground-water table elevation and LNAPL recovery is illustrated for 
well NFFW-2R in Figures 17 and 18. These figures compare instantaneous and cumulative 
LNAPL recovery and water table elevation, respectively. Figures 17 and 18 illustrate that 
LNAPL recovery is greatest during periods of low water table elevation and virtually no 
LNAPL is recovered during periods of high ground-water table elevations. In addition, both 
figures reveal the optimum water table elevation for LNAPL recovery at well NFFW-2R falls 
in the approximate range of 285 to 292 it above mean seal level (ms!); approximately 30 to 23 
ft below Toe. Because there was no LNAPL in the wen, LNAPL recovery was not 
accomplished when the water table elevation at wen NFFW-2R was greater than 292 ft above 
msl. As a result it is apparent that water table depression is essential to optimize LNAPL 
recovery; however, when the LNAPL/water interface fell below approximately 285 ft above 
msl (30 ft below TOe), LNAPL recovery was limited by the wen depth and the mechanics of 
the recovery pump. This is a significant limitation at this site where the range of fluctuation is 
up to 24 ft. 

In order to assess the flow rate necessary to maintain drawdown and optimize LNAPL recoveIY 
during high water table conditions a 48-11our flow rate test was conducted on well NFFW-2R 
from 27 through 29 March 1996. A 20 gpm capacity submersible pump and trailer mounted GAC 
treatment system was utilized for the test. During the test, flow rates were varied from 4.71 to 
8.25 gpm and drawdown in the pumping well reached a maximum of 15 ft. A total of 14.523 gal 
of ground water was pumped at an average flow rate of 5.04 gpm; LNAPL thickness in wen 
NFFW-2R increased from 0.00 ft to 0.44 ft maximum, no LNAPL was recovered. Maximum 
drawdown in wens NFFW-7, NFFW-14 and NFFW-16 was 0.71,0.66, and 0.26 ft, 
respectively. The water level in well NFFW-12 increased (0.14 ft) during the test. LNAPL 
thickness in well NFFW-2R ranged from 0.01 ft to 0.44 ft at corresponding ground-water 
elevations of 289.21 and 291.08 ft mean sea level (msl). Results of this rate check indicate 
that ground-water pumping rates are significantly higher (5-10 gpm) when the water table is 
high than when the water table is low « 1 gpm). The test results are summarized on Table 7. 

After operating under vacuum-enhanced conditions from July through November 1995, the 
recovery system at NFFW-2R operated without vacuum-enhancement from mid-November 
1995 through June 1996. During this period, approximately 12 gal of LNAPL was recovered 
and 659,263 gal of ground water was pumped. The average recovery was 0.05 gal of LNAPL 
per day at a ground-water flow rate of 2.07 gpm. The low LNAPL recovery rate can be 
attributed to the high amount of precipitation during the period. This is illustrated by the fact 
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when the LNAPL/water interface is greater than approximately 30 ft below TOe the LNAPL 
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The relationship between ground-water table elevation and LNAPL recovery is illustrated for 
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figures reveal the optimum water table elevation for LNAPL recovery at well NFFW-2R falls 
in the approximate range of 285 to 292 it above mean seal level (ms!); approximately 30 to 23 
ft below Toe. Because there was no LNAPL in the wen, LNAPL recovery was not 
accomplished when the water table elevation at wen NFFW-2R was greater than 292 ft above 
msl. As a result it is apparent that water table depression is essential to optimize LNAPL 
recovery; however, when the LNAPL/water interface fell below approximately 285 ft above 
msl (30 ft below TOe), LNAPL recovery was limited by the wen depth and the mechanics of 
the recovery pump. This is a significant limitation at this site where the range of fluctuation is 
up to 24 ft. 

In order to assess the flow rate necessary to maintain drawdown and optimize LNAPL recoveIY 
during high water table conditions a 48-11our flow rate test was conducted on well NFFW-2R 
from 27 through 29 March 1996. A 20 gpm capacity submersible pump and trailer mounted GAC 
treatment system was utilized for the test. During the test, flow rates were varied from 4.71 to 
8.25 gpm and drawdown in the pumping well reached a maximum of 15 ft. A total of 14.523 gal 
of ground water was pumped at an average flow rate of 5.04 gpm; LNAPL thickness in wen 
NFFW-2R increased from 0.00 ft to 0.44 ft maximum, no LNAPL was recovered. Maximum 
drawdown in wens NFFW-7, NFFW-14 and NFFW-16 was 0.71,0.66, and 0.26 ft, 
respectively. The water level in well NFFW-12 increased (0.14 ft) during the test. LNAPL 
thickness in well NFFW-2R ranged from 0.01 ft to 0.44 ft at corresponding ground-water 
elevations of 289.21 and 291.08 ft mean sea level (msl). Results of this rate check indicate 
that ground-water pumping rates are significantly higher (5-10 gpm) when the water table is 
high than when the water table is low « 1 gpm). The test results are summarized on Table 7. 

After operating under vacuum-enhanced conditions from July through November 1995, the 
recovery system at NFFW-2R operated without vacuum-enhancement from mid-November 
1995 through June 1996. During this period, approximately 12 gal of LNAPL was recovered 
and 659,263 gal of ground water was pumped. The average recovery was 0.05 gal of LNAPL 
per day at a ground-water flow rate of 2.07 gpm. The low LNAPL recovery rate can be 
attributed to the high amount of precipitation during the period. This is illustrated by the fact 
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that the average ground-water elevation at NFFW-2R remained above 296 ft and fell below 
292 ft on only one occasion. As a result, LNAPL recovery was limited. 

Vacuum-enhancement was employed briefly during July 1996 as the water table elevation fell; 
operation without vacuum-enhancement was then conducted from 18 July through 12 
September. During this period, approximately 68 gal of LNAPL was recovered and 153,165 
gal of ground water was pumped. The average recovery was 1.2 1 gal of LNAPL per day at a 
ground-water flow rate of 1.9 gpm. In addition, the average water table elevation was 
approximately 290.7 ft, or within the optimal range of 285 ft to 292 ft discussed previously in 
this section. This period of operation further illustrates the need for water table depression in 
conjunction with LNAPL recovery at the Fuel Farm. 

Vacuum-enhancement was again briefly employed during September 1996 and operation 
without vacuum-enhancement was then conducted from 19 September through 31 October. 
During this period, approximately 3 gal of LNAPL was recovered and 85,470 gal of ground 
water was pumped. The average recovery was 0.07 gal of LNAPL per day at a ground-wat.er 
flow rate of 1.4 gpm. During this period of operation, the average water table elevation 
remained above 292 ft effectively limiting LNAPL recovery. 

4.3.1.2 Vacuum Enhanced LNAPL Recovery 

During June 1994, the vacuum enhanced system was started and operated for 4 days. 
Approximately 70 gal of LNAPL was recovered and 1,643 gal of ground water was pumped. 
During this period the average LNAPL recovery was 19.9 gal per day at a ground-water 
pumping rate of less than 0.01 gpm. This represents a 105 percent increase in LNAPL 
recovery using vacuum enhanced recovery. Petroleum hydrocarbons were detected at a 
concentration of 25,000 parts per million by volume (ppmv) in the extracted air stream. This 
converts to a hydrocarbon loading rate of 233 pounds per day (lbs/day) based on the operating 
flow rate of 30 cfm. This loading rate corresponds to an approximate GAC usage rate of 800 
lbs/day. Due to the high carbon usage, EA and the Navy decided to suspend vacuum 
enhanced recovery. 

After the installation of a thermal oxidizer for off-gas treatment, vacuum enhanced recovery 
was conducted from August-November 1995. During this time a total of 21.61 gal of LNAPL 
was recovered and 85,303 gal of ground water was pumped. All of the LNAPL was recovered 
from 6 October to 21 November because prior to then the LNAPWwater interface was below 
the intake on the recovery pump and hydrocarbon recovery was limited to the vapor phase. 
The average LNAPL recovery from 6 October to 21 November was 0.5 gal per day at a 
ground-water flow rate of 1.3 gpm. In addition, from August to November, the equivalent 
liquid-phase volume of approximately 378 gal of LNAPL was recovered in the vapor-phase 
through the action of the vacuum enhanced system. 

During the period from August-November 1995 the vacuum system operated at vacuums 
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During this period, approximately 3 gal of LNAPL was recovered and 85,470 gal of ground 
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4.3.1.2 Vacuum Enhanced LNAPL Recovery 

During June 1994, the vacuum enhanced system was started and operated for 4 days. 
Approximately 70 gal of LNAPL was recovered and 1,643 gal of ground water was pumped. 
During this period the average LNAPL recovery was 19.9 gal per day at a ground-water 
pumping rate of less than 0.01 gpm. This represents a 105 percent increase in LNAPL 
recovery using vacuum enhanced recovery. Petroleum hydrocarbons were detected at a 
concentration of 25,000 parts per million by volume (ppmv) in the extracted air stream. This 
converts to a hydrocarbon loading rate of 233 pounds per day (lbs/day) based on the operating 
flow rate of 30 cfm. This loading rate corresponds to an approximate GAC usage rate of 800 
lbs/day. Due to the high carbon usage, EA and the Navy decided to suspend vacuum 
enhanced recovery. 

After the installation of a thermal oxidizer for off-gas treatment, vacuum enhanced recovery 
was conducted from August-November 1995. During this time a total of 21.61 gal of LNAPL 
was recovered and 85,303 gal of ground water was pumped. All of the LNAPL was recovered 
from 6 October to 21 November because prior to then the LNAPUwater interface was below 
the intake on the recovery pump and hydrocarbon recovery was limited to the vapor phase. 
The average LNAPL recovery from 6 October to 21 November was 0.5 gal per day at a 
ground-water flow rate of 1.3 gpm. In addition, from August to November, the equivalent 
liquid-phase volume of approximately 378 gal of LNAPL was recovered in t.he vapor-phase 
through the action of the vacuum enhanced system. 

During the period from August-November 1995 the vacuum system operated at vacuums 
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ranging from 2 to 19 in-Hg at corresponding flow rates of 39 and 14 cfm, respectively. 
Higher vacuums and decreased air flow rat.es were present during late October and November. 
The lower air flow rate is a result of air being extracted from a smaller screened interval on 
well NFFW-2R due to high water table conditions. Recovered hydn.1Carbon vapor 
concentrations and mass loading rates ranged from 4,500 to 19,000 ppmv (rPH as toluene 
equivalents) and approximately 7.21 to 130.45 Ibs/day, respectively. 

Vacuum-enhanced operations were conducted briefly during July and again in Septernber 
1996. During an eight day period in July the system recovered 19.11 gal of LNAPL at an 
average recovery rate of approximately 2.4 gal per day. An additional 15.20 gal of LNAPL 
was recovered in the vapor-phase. The rising water table then inhibited vacuum-enhanced 
operation; however, the water table feU sufficiently for a 6 day period of vacuum-enhanced 
operation in September. During that time, 11.75 gal of LNAPL was pumped at an average 
recovery rate of approximately 2 gal per day and an additional 6.7 ga.1 of LNAPL was 
recovered in the vapor-phase. The complete results of the vacuum-enhanced portion of the 
pilot system are summarized on Table 8. 

4.3.2 Automated and. Passive LNAPL Skimming Operation" 

As shown on Table 9, automated skimming operations recovered a total of 1.86 and 0.00 gal 
ofLNAPL from wens NFFW-6 and NFFW-19, respectively. Passive LNAPL skimming 
recovered a total of55.11 and 14.32 gal ofLNAPL from wens NFFW-14 and NFFW-16, 
respectively. Small amounts of LNAPL were also recovered through hand bailing at wells 
NFFW-l, NFF\V-7, NFFW-12, and NFFW-20. LNAPL skimming and hand bailing 
recovered a total of 86.32 gal of LNAPL or approximately 6% of the 1,513.09 gal of LNAPL 
recovered during the pilot study. 

The low volume of LNAPL recovered from well NFFW-6 and the lack of recovery from well 
NFFW-19 is attribut.able to the general absence of LNAPL from those wells during the pilot 
study. Prior to the pilot study LNAPL was consistently present in the two wells at thicknesses 
up to 1.20 and 2.00 ft, respectively. During the pilot study LNAPL was detected in well 
NFFW-6 at a ma;!{imum thickness of 0.27 ft and has been detected on only one occasion (at a 
thickness of 0.01 ft) since 25 October 1994 and was detected in wen NFFW-19 at a maximum 
thickness of only 0.10 ft and has not been detected since 1 July 1994 (Appendix A). Based on 
the graphs of ground-water elevation and LNAPL thickness vs time for wens NFF\V-6 and 
NFFW-19 contained in Appendix B, it appears that LNAPL is no longer present in those areas 
of the site. This conclusion is supported by the predominant absence of LNAPL in both wells 
throughout more than one year of seasonal ground-water fluctuations. 

The automated skimmer from well NFFW-19 was installed at well NFFW-14 in February 
1996 and has recovered approximately 12 gal of LNAPL through October 1996. This 
represents an increase in recovery of approximately 2.4 gal over the same time period in 1995. 
Based on the gauging data in Appendix A, it is apparent that LNAPL occurrence in weU 
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NFFW-19 is attribut.able to the general absence of LNAPL from those wells during the pilot 
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thickness of only 0.10 ft and has not been detected since 1 July 1994 (Appendix A). Based on 
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NFFW-19 contained in Appendix B, it appears that LNAPL is no longer present in those areas 
of the site. This conclusion is supported by the predominant absence of LNAPL in both wells 
throughout more than one year of seasonal ground-water fluctuations. 

The automated skimmer from well NFFW-19 was installed at well NFFW-14 in February 
1996 and has recovered approximately 12 gal of LNAPL through October 1996. This 
represents an increase in recovery of approximately 2.4 gal over the same time period in 1995. 
Based on the gauging data in Appendix A, it is apparent that LNAPL occurrence in weU 
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NFFW-14 is similar to that in well NFFW-2R in that it is dependent on water table elevation. 
Thus automated skimming had limited success at well NFFW-14 due to the high water table. 

4.4 INFLUENT AND EFFUJENT MONITORING 

Average hydrocarbon concentrations in extracted ground-water as determined from the 7 
samples collected from April 1995 through July 1996 were 1,106.3 pg/l total BTEX, 317.14 
pg/l naphthalene, and 10,100 pg/l TPH as gasoline, the complete results of each sampling 
event are summarized on Table 5 and included as Appendix C. As discussed in Section 2.6.2 
and illustrated on Table 5, each sample exceeded the 5 pg/L benzene and 20 pg/L naphthalene 
site cleanup criteria. 

The 200 lb GAC treatment units were changed out on three occasions during the pilot study. 
In February 1995, both the primary and secondary units were replaced after pumping a total 
146,925 gal of ground water resulting in a carbon usage rate of 0.002 pounds per gallon. In 
November 1995 only the primary GAG unit was replaced after processing a total of 279,765 
gal of ground water. This corresponds to a carbon usage rate of 0.0007 pound per gal. At 
that time the new GAC unit was placed in the secondary position and the former secondary 
unit was rotated to the primary position. Both units were again changed out in August 1996 
after processing an additional 863,190 gal of ground water at a carbon usage rate of 0.0005 
pounds per gal. 

4.5 SOLL VAPOR EXTRACTION TESTING 

As previously described, dual-phase (LNAPL and ground water) recovery is generally limited 
not only by the LNAPL/water level but also by the physical constraints of the system, such as 
the ability to raise/lower the pump intakes in response to water table fluctuations of up to 24 
ft. The alternative to LNAPL pumping is inducing a phase change to vapor and using vacuum 
extraction as the removal mechanism. This method though less direct and efficient is 
nonetheless not constrained by the physical location of a pump intake. 

In order to evaluate the effectiveness of vapor-phase extraction SVE tests were conducted from 
several site wells on two separate occasions as discussed in Section 3.3. The results of the 
SVE tests are summarized below, the complete results for the April and July tests are included 
in Appendices D and E, respectively. 

4.5.1 High Water Table Test (April 1995) 

Soil vapor extraction (SVE) tests were conducted on monitoring wells NFFW-4, NFFW-7, 
and NFFW-16 from 4-6 April 1995. The purpose of the SVE tests was to evaluate the 
potential for SVE as a remedial technology during periods of high water table elevation. 
These wells were chosen to assess SVE performance in areas with varying amounts of 
LNAPL. LNAPL has not been observed in NFFW-4, has been present periodically in NFFW- 
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p.gll naphthalene, and 10,100 p.g/l TPH as gasoline, the complete results of each sampling 
event are summarized on Table 5 and included as Appendix C. As discussed in Section 2.6.2 
and illustrated on Table 5, each sample exceeded the 5 p.g/L benzene and 20 p.g/L naphthalene 
site cleanup criteria. 

The 200 Ib GAC treatment units were changed out on three occasions during the pilot study. 
In February 1995, both the primary and secondary units were replaced after pumping a total 
146,925 gal of ground water resulting in a carbon usage rate of 0.002 pounds per gallon. In 
November 1995 only the primary GAC unit was replaced after processing a total of 279,765 
gal of ground water. This corresponds to a carbon usage rate of 0.0007 pound per gal. At 
that time the new GAC unit was placed in the secondary position and the former secondary 
unit was rotated to the primary position. Both units were again changed out in August 1996 
after processing an additional 863,190 gal of ground water at a carbon usage rate of 0.0005 
pounds per gal. 

4.5 SOIL VAPOR EXTRACTION TESTING 

As previously described, dual-phase (LNAPL and ground water) recovery is generally limited 
not only by the LNAPL/water level but also by the physical constraints of the system, such as 
the ability to raisellower the pump intakes in response to water table fluctuations of up to 24 
ft. The alternative to LNAPL pumping is inducing a phase change to vapor and using vacuum 
extraction as the removal mechanism. This method though less direct and efficient is 
nonetheless not constrained by the physical location of a pump intake. 

In order to evaluate the effectiveness of vapor-phase extraction SVE tests were conducted from 
several site wells on two separate occasions as discussed in Section 3.3. The results of the 
SVE tests are summarized below, the complete results for the April and July tests are included 
in Appendices D and E, respectively. 

4.5.1 High Water Table Test (April 1995) 

Soil vapor extraction (SVE) tests were conducted on monitoring wells NFFW-4, NFFW-7, 
and NFFW-16 from 4-6 Apri11995. The purpose of the SVE tests was to evaluate the 
potential for SVE as a remedial technology during periods of high water table elevation. 
These wells were chosen to assess SVE performance in areas with varying amounts of 
LNAPL. LNAPL has not been observed in NFFW-4, has been present periodically in NFFW-
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7, and has consistently been present in NFFW-16. 

The SVE tests consisted of a system head test and a radial influence test. The system head test 
evaluates the relationship between the applied vacuum and the extracted air tlow rate. The 
radial influence test evaluates the radial distance from the wen influence.d by the applied 
vacuum at the extraction wen and to assess the volatile organic compound (VOC) removal 
rates. 

The results of the system head test indicate the area is characterized by a low permeability 
subsurface resulting in a high vacuum - low flow rate relationship. Applied vacuums ranged 
from 2 to 14.8 in-Hg while observed flow rates ranged from 2.18 to 43.6 cfm. In general, 
the three test weBs (NFFW-4, NFFW-7, and NFFW-16) responded similarly to the range of 
vacuums applied and no significant differences were observed. 

The results of the radia1 influence tests indicate that preferential pathways may exist in the 
subsurface. The t.ests on wens NFFW-4, NFFW-7, and NFFW-16 were conducted at vacuums 
of approximately 7, 9, and 10 in-Hg, respectively, with corre.. ... ponding average air flow rates 
of 33, 33, and 26 cfm. In general, the greatest .radial influence was observed from wen 
NFFW-16 and the least radial influence was present in the vicinity of well NFFW-4. The 
inconsistent nature of the results does not allow the determination of an effective radius of 
influence about each wen. However, it should be noted that vacuum influence was observed 
during each test at distances of up to 25 feet from the extraction well. 

Removal rates in Ibs/day were calculated for each sample collected based on TPH as toluene 
equivalents. Extraction from well NFFW-7 produced the highest average hydrocarbon 
removal rate (28.461bs/day) while extraction from wells NFFW-4 and NFFW-16 resulted in 
lower average removal rates of 0.74 and 11.46 lbs/day, respectively. 

The results of the chlorinated hydrocarbon analysis indicated the presence of several target 
compounds in samples from each of the three test wells. Chlorinated hydrocarbons were most 
prevaIent in the extracted air samples from well NFFW-4 where methylene chloride was 
present at a maximum of 19.18 ppmv. The occurrence of chlorinated hydrocarbons is not 
coincident with the occurrence of LNAPL since NFFW-4 is in an area where LNAPL has not 
been detected. 

4.5.2 Low \Vater Table Test (July 1995) 

SoU vapor extmction (SVE) tests were conducted on monitoring wens NFFW-4 and NFFW-16 
on 6 July 1995. The purpose of the SVE tests was to evaluate the potentia] for SVE as a 
remedial technology during periods of low water table elevation. This test was conducted at a 
time when water table was approximately 3 to 7 ft lower than it was during the high water 
table (April) test. It was anticipated that improved removal efficiencies would be obsc.rved 
during the low water table test. These wens were chosen to assess SVE performance in areas 
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inconsistent nature of the results does not allow the determination of an effective radius of 
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during each test at distances of up to 25 feet from the extraction well. 

Removal rates in Ibs/day were calculated for each sample collected based on TPH as toluene 
equivalents. Extraction from well NFFW-7 produced the highest average hydrocarbon 
removal rate (28.461bs/day) while extraction from wells NFFW-4 and NFFW-16 resulted in 
lower average removal rates of 0.74 and 11.46 lbs/day, respectively. 

The results of the chlorinated hydrocarbon analysis indicated the presence of several target 
compounds in samples from each of the three test wells. Chlorinated hydrocarbons were most 
prevaIent in the extracted air samples from well NFFW-4 where methylene chloride was 
present at a maximum of 19.18 ppmv. The occurrence of chlorinated hydrocarbons is not 
coincident with the occurrence of LNAPL since NFFW-4 is in an area where LNAPL has not 
been detected. 
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with varying amounts of LNAPL. LNAPL has not been observed in NFFW-4 and has 
consistently been present in NFFW-16. An SVE test was not conducted on NFFW-7 because 
it had been damaged during the removal of a large soil stockpile at he Navy Fuel Farm. 

The SVE tests consisted of a system head test and a radial influence test. The system head test 
evaluates the relationship between the applied vacuum and the extracted air flow rate. The 
radial influence test evaluates the radial distance from the well influenced by the applied 
vacuum at the extraction well and to assess the volatile organic compound (VOC) removal 
rates. 

During the system head tests applied vacuums ranged from 1 to 5 in-Hg while observed flow 
rates ranged from 8.7 to 37.6 cfm. In general, a higher flow rate was achieved in NFFW-4 
than in NFFW-16 for the same applied extraction pressures. 

The radial influence tests again produced varying results. The tests on wells NFFW-4 and 
NFFW-16 were conducted at extraction pressures of 4 in-Hg with corresponding average flow 
rates of 37 and 16 cfm respectively. In general, the greater radial influence was observed 
from well NFFW-16 and minimal radial influence was present in the vicinity of well NFFW- 
4. The effective zone of radial influence about each well, which is defined as the area within a 
differential pressure of 0.10 inches of water (Keech, 1989), is approximately 5 ft for NFFW-4 
and 25 ft for NFFW-16. This estimate is based on an observed vacuum of 0.1 inches of water 
in the monitoring points. 

Extraction from well NFFW-16 produced the highest average petroleum hydrocarbon removal 
rate (1 .O lb/day) while extraction from well NFFW-4 resulted in a minimal average removal 
rate of less than 0.05 lbs/day. 

The results of the chlorinated hydrocarbon analysis indicated the presence of several target 
compounds in samples from NFFW-4 while samples from NFFW-16 contained no detectable 
level of chlorinated hydrocarbons. As discussed in Section 5.2.1, the occurrence of 
chlorinated hydrocarbons in NFFW-4 is not consistent with the occurrence of LNAPL as 
NFFW4 is in an area where LNAPL has not been detected. The most prevalent chlorinated 
hydrocarbon present in the extracted air samples from NFFW-4 was methylene chloride which 
was detected at a maximum concentration of 25 ppmv. The maximum total hydrocarbon 
removal rate at NFFW-4, which includes both petroleum and chlorinated hydrocarbons, was 
0.26 lbs/day. 

A comparison of the two SVE tests is presented below: 

l Flow rates for NFFW-4 in July were consistent with those found in April but 
extraction pressures were significantly less to achieve the same flow rate, 
12 in-Hg in April and 4 in-Hg in July to achieve the same flow of 37 cfm. NFFW- 
16 exhibited significantly lower flow rates in July (18.5 cfm) than in April (44 
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rate (1.0 Ib/day) while extraction from well NFFW-4 resulted in a minimal average removal 
rate of less than 0.05 lbs/day. 

The results of the chlorinated hydrocarbon analysis indicated the presence of several target 
compounds in samples from NFFW -4 while samples from NFFW -16 contained no detectable 
level of chlorinated hydrocarbons. As discussed in Section 5.2.1, the occurrence of 
chlorinated hydrocarbons in NFFW-4 is not consistent with the occurrence of LNAPL as 
NFFW-4 is in an area where LNAPL has not been detected. The most prevalent chlorinated 
hydrocarbon present in the extracted air samples from NFFW-4 was methylene chloride which 
was detected at a maximum concentration of 25 ppmv. The maximum total hydrocarbon 
removal rate at NFFW-4, which includes both petroleum and chlorinated hydrocarbons, was 
0.26Ibs/day. 

A comparison of the two SVE tests is presented below: 

• Flow rates for NFFW-4 in July were consistent with those found in April but 
extraction pressures were significantly less to achieve the same flow rate, 
12 in-Hg in April and 4 in-Hg in July to achieve the same flow of 37 cfm. NFFW-
16 exhibited significantly lower flow rates in July (18.5 cfm) than in April (44 
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cfm). Noting that the same vacuum extraction blower was utilized during both 
tests, the maximum achievable extraction vacuum was also significantly less during 
July (4 in-Hg) than in April (18 in-Hg). This is a result of more screened interval 
(3-7 ft) in the wells being exposed during the low water table SVE test than during 
the high water table SVE test. 

• The July radial influence tests indicate a significant difference in radial influence 
between NFFW-4 (5 ft) and NFFW-16 (25 ft). These results are similar to those 
found during the April test with the exception that the July results were more 
symmetrical for the two axis. The results of the April investigation indicate that the 
radial influence was not symmetrical. 

• Average petroleum hydrocarbon removal rates « lIb/day) were minimal during 
the July testing event for both wells tested. These removal rates were also less than 
those found during the April testing event where the average petro]emn 
hydroc..'U"bon removal rate was 28 Ibs/day. 

• The results are counter-intuitive since the high water levels generally preclude 
efficient vapor interaction with the LNAPL while a low water table promotes access 
for ai.r flow and interaction with LNAPL. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 SUMMARY AND CONCLUSIONS OF THE PILOT STUDY 

5.1.1 Occurrence and Diiribution of LNAPL 

Significant amounts of LNAPL remain in the subsurface at the Navy Fuel Farm and the 
Occurrence of LNAPL is related to the ground-water table elevations. During periods of high 
ground-water table elevations, LNAPL is present sporadically in a few wells. However, 
during periods of low or falling ground-water table elevations, LNAPL is found throughout the 
Navy Fuel Farm. LNAPL was observed in a 4.6 acre area bounded by monitoring wells 
NFFW-19, NFFW-6, NFFW-20, NFFW-12, and NFFW-8 excluding NFFW-5. 

LNAPL tends to be present in monitoring wells when the ground-water table elevation is in the 
fractured rock zone and not when the ground-water table elevation is in the overburden. For 
example, in NFFW-2R, LNAPL was typically present in the well only after the water table 
was depressed or fell to a level approximately 20 ft below the top of the well casing (295 ft 
above msl). One possible explanation for the relationship between the water table elevation , 
and the occurrence of LNAPL in the monitoring wells is that the LNAPL is present in the rock 
fractures and flows into the wells during periods of low ground-water table elevation. 
However, during periods of high ground-water table elevation, the LNAPL becomes 
hydraulically isolated from the well. The result is that the LNAPL can not enter the well and 
therefore, no LNAPL is observed in the well during periods of high ground-water table 
elevation. 

5.1.2 LNAPL Recovery without Vacuum Enhancement 

LNAPL recovery without vacuum enhancement was successful when the ground-water table 
was depressed. While operating the recovery system at NFFW-2R without vacuum 
enhancement from July 1994 to July 1995, the average LNAPL recovery rate was 2.5 gal per 
day at a ground-water pumping rate of 0.3 gal per minute. However, the fluctuation of the 
ground-water table had a large influence on the rate of LNAPL recovery. In addition to the 
absence of LNAPL when the ground-water table elevation was high, heavy rainfalls also 
affected LNAPL recovery. Heavy rainfalls often raised the water table elevation fast enough 
that the water table depression pump (rated at 7 gpm) was often not able to pump as fast as 
water recharged the well. As a result, the recovery pump would become submerged. The 
ground-water pumping rate needed to maintain the desired drawdown in NFFW-2R during 
periods of high water table elevation is estimated at lo-15 gpm, based on results of a rate 
check conducted in March 1996. 
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ground-water table elevations, LNAPL is present sporadically in a few wells. However, 
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LNAPL tends to be present in monitoring wells when the ground-water table elevation is in the 
fractured rock zone and not when the ground-water table elevation is in the overburden. For 
example, in NFFW-2R, LNAPL was typically present in the well only after the water table 
was depressed or fell to a level approximately 20 ft below the top of the well casing (295 ft 
above msI). One possible explanation for the relationship between the water table elevation 
and the occurrence of LNAPL in the monitoring wells is that the LNAPL is present in the rock 
fractures and flows into the wells during periods of low ground-water table elevation. 
However, during periods of high ground-water table elevation, the LNAPL becomes 
hydraulically isolated from the well. The result is that the LNAPL can not enter the well and 
therefore, no LNAPL is observed in the well during periods of high ground-water table 
elevation. 

5.1.2 LNAPL Recovery without Vacuum Enhancement 

LNAPL recovery without vacuum enhancement was successful when the ground-water table 
was depressed. While operating the recovery system at NFFW-2R without vacuum 
enhancement from July 1994 to July 1995, the average LNAPL recovery rate was 2.5 gal per 
day at a ground-water pumping rate of 0.3 gal per minute. However, the fluctuation of the 
ground-water table had a large influence on the rate of LNAPL recovery. In addition to the 
absence of LNAPL when the ground-water table elevation was high, heavy rainfalls also 
affected LNAPL recovery. Heavy rainfalls often raised the water table elevation fast enough 
that the water table depression pump (rated at 7 gpm) was often not able to pump as fast as 
water recharged the well. As a result, the recovery pump would become submerged. The 
ground-water pumping rate needed to maintain the desired drawdown in NFFW-2R during 
periods of high water table elevation is estimated at 10-15 gpm, based on results of a rate 
check conducted in March 1996. 
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Furthermore. recovery was also limited during drought periods when the LNAPUwater 
interface dropped below the level of the recovery pump intake. The option of deepening the 
weUs was considered, however, because of the potential to cross-contaminate the lower portion 
of the Stockion Formation, which is utilized as a water supply, this option was ruled out. 
Appendix F contains the letter report recommending against deepening wen NFFW-2R. 

Depending on the monitoring well, the pilot study reports limited success in skimming of 
LNAPL. Typically, both automated skimming and hand bailing are effective methods of 
recovering LNAPL in the immediate area of the wen but do not create a signifiC4.1J1t capture 
zone. Based on the hand bailing and automated skimming results, the automated skimmers 
were not deployed in the proper wells. Manual bailing ofLNAPL from NFFW-14 and 
NFFW-16 recovered 55 gal and 14.32 gal respectively. The hand bailing results indicate that 
automated bailing should also be effective. Based on the available information at the start of 
the pilot study, automated skimming systems were installed in NFFW-6 and NFFW-19. 
However, the amount ofLNAPL recovered from wens NFFW-6 and NFFW-19 (1.86 gal and 
o gal respectively) did not justify the effort of installing the automated skimmers. The 
automated skimmer from NFFW-19 was subsequently moved to NFFW-14, but high ground
water table elevations have limited LNAPL recovery. However, 12 gal of LNAPL was 
recovered in 1996 through the use of the automated skimmer at wen NFFW-14 representing 
nearly a 25 percent increase in recovery over the same period in 1995. 

S.1.3 Vacuum Enhanced LNAPL Rec.overy 

Vacuum enhanced LNAPL recovery was also hampered by the fluctuations in the water table. 
For much of the time that vacuum enhanced recovery was conducted, the LNAPL/water 
interface was below the level of the recovery pump intake. As a result, during the August
November 1995 time period, most of the hydrocarbons recovered during the vacuum enhanced 
recovery operations were recovered in the vapor-phase. The equivalent of approximately 4.1 
gal per day was recovered in the vapor phase compared to 0.24 gal per day of LNAPL. 
Comparing the amount of LNAPL recovered during the July 1994-July 1995 period of 
recovery without vacuum-enhancement and the August-November 1995 period of vacuum
enhanced recovery; vacuum-enhanced recovery resulted in a 64 percent increase in 
hydrocarbon recovery when vapor-phase recovery is considered. 

Vacuum-enhance.d recovery also increased the LNAPL recovery rate during the June 1994 
vacuum-enhanced recovery operations when compared to the 30 March-3 June 1994 recovery 
operations without vacuum-enhancement. Approximately 9.7 gal per day of LNAPL was 
recovered without vacuum-enhancement as compared to 19.9 gal per day with vacuum
enhancement. This is a 105 percent increase in LNAPL recovery using vacuum-enhanced 
recovery. However, the June 1994 vacuum-enhanced recovery operations were of tlX) short a 
duration to draw any conclusions about the long-term effectiveness of vacuum-enhanced 
recovery. 
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of the Stockion Formation, which is utilized as a water supply, this option was ruled out. 
Appendix F contains the letter report recommending against deepening wen NFFW-2R. 

Depending on the monitoring well, the pilot study reports limited success in skimming of 
LNAPL. Typically, both automated skimming and hand bailing are effective methods of 
recovering LNAPL in the immediate area of the wen but do not create a signifiC4.1J1t capture 
zone. Based on the hand bailing and automated skimming results, the automated skimmers 
were not deployed in the proper wells. Manual bailing ofLNAPL from NFFW-14 and 
NFFW-16 recovered 55 gal and 14.32 gal respectively. The hand bailing results indicate that 
automated bailing should also be effective. Based on the available information at the start of 
the pilot study, automated skimming systems were installed in NFFW-6 and NFFW-19. 
However, the amount ofLNAPL recovered from wens NFFW-6 and NFFW-19 (1.86 gal and 
o gal respectively) did not justify the effort of installing the automated skimmers. The 
automated skimmer from NFFW-19 was subsequently moved to NFFW-14, but high ground
water table elevations have limited LNAPL recovery. However, 12 gal of LNAPL was 
recovered in 1996 through the use of the automated skimmer at wen NFFW-14 representing 
nearly a 25 percent increase in recovery over the same period in 1995. 

S.1.3 Vacuum Enhanced LNAPL Rec.overy 

Vacuum enhanced LNAPL recovery was also hampered by the fluctuations in the water table. 
For much of the time that vacuum enhanced recovery was conducted, the LNAPL/water 
interface was below the level of the recovery pump intake. As a result, during the August
November 1995 time period, most of the hydrocarbons recovered during the vacuum enhanced 
recovery operations were recovered in the vapor-phase. The equivalent of approximately 4.1 
gal per day was recovered in the vapor phase compared to 0.24 gal per day of LNAPL. 
Comparing the amount of LNAPL recovered during the July 1994-July 1995 period of 
recovery without vacuum-enhancement and the August-November 1995 period of vacuum
enhanced recovery; vacuum-enhanced recovery resulted in a 64 percent increase in 
hydrocarbon recovery when vapor-phase recovery is considered. 

Vacuum-enhance.d recovery also increased the LNAPL recovery rate during the June 1994 
vacuum-enhanced recovery operations when compared to the 30 March-3 June 1994 recovery 
operations without vacuum-enhancement. Approximately 9.7 gal per day of LNAPL was 
recovered without vacuum-enhancement as compared to 19.9 gal per day with vacuum
enhancement. This is a 105 percent increase in LNAPL recovery using vacuum-enhanced 
recovery. However, the June 1994 vacuum-enhanced recovery operations were of tlX) short a 
duration to draw any conclusions about the long-term effectiveness of vacuum-enhanced 
recovery. 
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Based on each period of vacuum-enhanced recovery operations, ground-water table 
fluctuations had a large impact on the amount of LNAPL recovered. As discussed above, 
deepening of NFFW-2R is not recommended. However, when the ground-water table 
elevation fell below the recovery pump intake, vacuum-enhanced recovery did result in the 
removal of significant amount of hydrocarbons which would not have been recovered 
otherwise. In addition, oxygen is typically the limiting factor for subsurface biological activity 
and the biodegradability of petroleum products is well documented. Therefore, it is likely that 
vacuum-enhanced recovery will stimulate biological degradation of residual-phase petroleum 
hydrocarbons in the vadose zone. 

5.1.4 Soil Vapor Extraction Testing 

Based on the results of two sets of SVE tests, SVE appears to be of limited use as a remedial 
option for this site. This is a result of the small radial influences observed, low vapor flow 
rates, and low vapor phase hydrocarbon recovery rates. The results from the April 1994 test 
(high ground-water table conditions) indicate hydrocarbon recovery rates between 
approximately 11.5 and 28.5 lbs/day are attainable for wells NFFW-7 and NFFW-16, 
respectively. During the July 1995 test (low water table conditions) recovery rates for the 
same two wells were less than 1.0 lb/day. However, as with vacuum-enhanced recovery, SVE 
would result in the removal of some residual phase hydrocarbons which would not otherwise 
be recovered and would stimulate biodegradation of the residual phase petroleum 
hydrocarbons. 

5.1.5 Conclusions 

Based on the results of the pilot study, the following conclusions can be made. These form the 
basis for the recommendations contained in Section 5.3. 

. Based on a comparison of the analytical results from previous investigations to the 
Pennsylvania cleanup levels, the remedial action objectives at the Navy Fuel Farm 
should include source reduction through recovery of LNAPL and ground-water 
remediation. 

. Significant amounts of LNAPL remain at the Navy Fuel Farm. Recoverable amounts 
of LNAPL have been gauged in wells NFFW-1, NFFW-2R, NFFW-7, NFFW-14, 
NFFW-16, and NFFW-20. 

. LNAPL occurrence is directly related to ground-water table elevation. During periods 
of high ground-water table elevation, LNAPL is present in only a few monitoring 
wells. During periods of low ground-water table elevation, the occurrence of LNAPL 
increases, both in areal extent and in thickness of the LNAPL layer observed in the 
monitoring wells. 
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• 

• 

• 

• 

Recovery of the LNAPL is limited by the hydrogeology of the site. In particular, the 
LNAPL appears to be present in the fractures of the bedrock and becomes isolat.ed from 
the site wells during periods of high ground-water table elevation. The ground-water 
table fluctuates seasonally and with rainfall. The large and relatively quick acting 
fluctuations (up to 24 ft) make maintaining the pump intake at the proper level very 
difficult. 

LNAPL recovery using ground-water table depression without vacuum-enhancement 
was an effective method of recovery. Automated skimming of LNAPL was not. an 
effective method of recovery. 

LNAPL recovery using vacuum-enhanced recovery was limited due to both high and 
low ground-water table elevations resulting in the LNAPUwat.er interface being either 
above or below the level of the intake of the recovery pump during portions of the 
periods that vacuum-enhanced recovery was tested. However, when vapor-phase 
recovery of LNAPL is accounted for, vacuum-enhanced recovery did increase the 
amount of petroleum hydrocarbons recovered. 

Because of small radius of influence and low vapor recovery rates$ SVE is only 
marginally effective at the Navy Fuel Farm. 

S.2 OPTIONS FOR FULL SCALE REMEDIATION SYSTEIVI 

Based on the results of the pilot study the following options for LNAPL recovery were 
considered for the fuB-scale remedial system: 

• vacuum-enhanced recovery using water table depression operating all year 

• LNAPL recovery using water table depression without vacuum-enhancement operated 
only during periods of low water table elevations 

• LNAPL recovery using vacuum-enhanced recovery when conditions are favorable and 
only ground-water table depression when conditions for vacuum-enhanced recovery are 
not favorable 

• biosJurping 

Each option would include expansion of the recovery efforts to include new wells installed in 
the vicinity ofNFFW-2R, NFFW-14 and NFFW-16, except hioslurping which would require 
additional extraction points due to the anticipated minimal radius of influence as evidenced by 
the results of SVE tests. Furthermore, each option would be supplemented by a bailing 
program to recover LNAPL which occurs intermittently at other site wells. The following 
discusses the advantages and disadvantages of each option. Approximate design, construction 
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and operation and maintenance costs are also provided. 

5.2.1 Vacuum-Enhanced Recovery 

The advantages to operating a full scale vacuum-enhanced recovery system include the 
increased rate of LNAPL recovery; recovery of vapor-phase hydrocarbons during periods 
when the water table elevation falls below the well; reduction of residual-phase hydrocarbons; 
treatment of dissolved-phase hydrocarbons; and increased biodegradation. All of these 
advantages result in a decreased duration for remediation as compared to the pump and treat 
option. 

The disadvantages include the high cost of treating the air emissions and the increased water 
flow rates. In addition, to accommodate the water flow rates which would result from 
expanding the system, larger water table depression pumps and water treatment equipment will 
be required. 

Currently, the vacuum-enhanced recovery system at NFFW-2R utilizes a dual pumping system 
(individual ground-water and LNAPL pumps). During periods of extremely low water table 
elevations, the LNAPL/water interface falls below the LNAPL intake and the pump can not 
recover LNAPL; however vapor-phase extraction and bioremediation are enhanced in this 
situation. Because, as discussed in section 5.1.2, deepening NFFW-2R is not an option other 
pumps, such as a total fluids pump could be used. However, use of a total fluids pump would 
require an oil/water separator and possibly iron removal. 

Treatment of the air emissions is an expensive part of the vacuum enhanced recovery system. 
The recovery rate of vapor phase hydrocarbons varies with the water table elevation and the 
amount of LNAPL in the well. This makes selection of an off-gas treatment technology 
difficult. For example, when vapor-phase concentrations are high as is the case when the 
water table is low, the cost of carbon treatment is prohibitive; conversely, when vapor-phase 
concentrations are low, the cost of providing supplemental fuel for the thermal oxidizer is also 
expensive. The thermal oxidizer currently at the site is large enough to handle the increased 
air flow from additional wells. The operating costs of the thermal oxidizer can be decreased 
by adding a heat exchanger and/or a catalytic oxidizer option to the thermal oxidizer. These 
features will reduce the amount of supplemental fuel required to treat the air emissions. 

The approximate cost for design of this option ranges from $25,000 to $30,000 with 
construction costs in the range of $320,000 to $510,000. This assumes installation of three 
new wells, purchasing the existing thermal oxidizer, installing new ground-water treatment 
units, and equipping the system with telemetry. Average annual operation and maintenance 
costs are estimated to range between $72,000 and $120,000. Approximate cost ranges for 
each option considered are summarized on Table 10. 
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5.2.2 LNAPL Recovery Using Water Table Depression Without Vacuum-Enhancement 
Operated Only During Periods of Low 'Vater Table Elevations 

TIus option would operate only during periods of low water table elevation. This option 
would recover significant amounts of LNAPL at the lowest cost. The disadvantage is that 
during periods of high water table elevation no remediation would be accomplished. 

Several additions to the current system would be required to expand recovery operations. 
Three new larger diameter wens would be installed, new ground-water depression pumps 
would be required, and the water treatment system would need to be expanded to add larger 
carbon adsorption units to accommodate the increased water flow. 

The approximate cost for design of this option ranges from $20,000 to $25,000 with 
construction costs in the range of $250,000 to $420,000. Additionally, average annual 
operation and maintenance costs are estimated to range between $40,000 and $60~OOO. 
Approximate cost ranges for this option are also summarized on Table 10. 

5.2.3 LNAPL Recovery Using Vacuum-Enhanced Recovery when Conditions are 
Favorable and Only Ground 'Vater Table Depression "'ben ConditioR" for 
Vacuum Enhanced Recovery are not Favorable 

This option .is a combination of the first two options. When conditions are favorable, selective 
use of vacuum-enhancement would increase the LNAPL recovery rate and allow remediation 
to continue when the LNAPL/water interface drops below the well. Remediation of the 
residual phase and increased biodegradation would also occur. 

TIle approximate cost for design of this option ranges from $25,000 to $30,000 with 
construction costs in the range of $320,000 to $510,000. Average annual operation and 
maintenance costs are estimated to range between $72,000 and $120,000. These cost ranges 
are summarized on Table 10. 

5.2.4 Bioslurping 

Conceptually. bioslurping and vacuum enhanced recovery (as discussed in Section 5.2.1) are 
the same remedial technology. Both options extract LNAPL, ground water, and soil vapor. 
The difference is that bioslurping uses a uses a vacuum pump to withdraw liquids and vapors 
from the extraction welL Vacuum pumps are limited to 1 atmosphere of pressure (33 ft of 
water). Therefore, accounting for head losses, after the LNAPL/water interface dropped more 
than 20-25 ft below the ground surface, bioslurping would not be able to extract liquids. 
\Vhile the extraction of LNAPL and a ground water/soil vapor mixture may allow recovery 
from depths gre.'''lter than 20-25 ft, an advantage of bioslurping is that it minimizes the amount 
of water pumped. However, due to the large water table fluctuation at this site, placement of 
the intake in a bioslurping system would be wen below the ground water table during much of 
the year and the amount of water pumped may not be decreased. Therefore, bioslurping is not 
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an appropriate technology at this site because of the large water table fluctuations. Because 
bioslurping, using a single vacuum pump, is not appropriate, costs have not been estimated. 

5.3 RECOMMENDATION 

Based on the results of the pilot study to date, operation of an LNAPL recovery system using 
ground-water table depression and vacuum-enhancement is recommended. This 
recommendation allows recovery of LNAPL to be conducted during periods of low and high 
water table elevations at a cost which is in the same order of magnitude as the other options 
considered. The following items should be incorporated into the design of the full scale 
remedial system. 

. Install new 6-in. or g-in. diameter recovery wells in the vicinity of wells NFFW-14 and 
NFFW-16 to accommodate dual pumping systems. 

. Expand the vacuum-enhanced recovery system to include the two new wells along with 
existing well NFFW-2R. Install dual pumping systems in each well that are amenable 
to vacuum-enhanced operation within the range of ground-water table elevation 
fluctuations observed during the pilot study. It is anticipated that the three LNAPL 
pumps currently in use at the Fuel Farm can also be utilized as part of the final design; 
however, three new ground-water pumps will be required. Also install variable speed 
drives and pressure transducers on each pump. This will allow manipulation of 
pumping rates in relation to ground-water table elevations in order to maintain the 
desired level of drawdown. Expected flow rate is < l-15 gpm per well. 

. Install individual underground lines (LNAPL, ground-water and SVE) to each recovery 
well along with underground electrical service. 

l Upgrade the ground-water treatment system to accommodate a flow rate of up to 45 
gpm. This could be accomplished by installing two new 1,O pound high pressure 
carbon treatment vessels. These units along with the ground-water system controls 
should be placed in a new non-explosion proof enclosure. The existing explosion proof 
enclosure will continue to house the existing vacuum portion of the system and will 
also provide equipment and material storage space. It should be noted that air stripping 
is not recommended due to the low carbon usage during the pilot study and because 
Pennsylvania Regulations (25 PA Code Chapter 127) require treatment of air 
emissions. 

. Upgrade the water discharge line to 6-in diameter PVC pipe or larger and install below 
ground. 

. Install telemetry to allow for remote monitoring of the entire system. This will enable 
a timely response to any system malfunctions that may occur. 
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is not recommended due to the low carbon usage during the pilot study and because 
Pennsylvania Regulations (25 PA Code Chapter 127) require treatment of air 
emissions. 

Upgrade the water discharge line to 6-in diameter PVC pipe or larger and install below 
ground. 

Install telemetry to allow for remote monitoring of the entire system. This will enable 
a timely response to any system malfunctions that may occur. 
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FiQure 1. Site kmtbn map, Navy Fuel Farm facility, Naval tir Sstiorl, Willow 
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FIGURE 17 

Ground Water Elev. vs Pri oduct Recovery 
Well NFFW-ZR NAS Willow Grove 
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FIGURE 17 

Ground Water Elev. vs Product Recovery 
Well NFFW-2R NAS Willow Grove 
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FIGURE 18 

Cumulative Product Recovery 
Well NFFW-2R NAS Willow Grove 
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TABLE 1 S UMMARY of PILOT STUDY ACTIVITIES 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

very Pilot System at Well 

ted Free Product Recoveq Pilot System at Well August 1995 - November 1995 
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TABLE 1 SUMMARY of PILOT STUDY ACTIVITIES 

NAVY FUEL FARM FACILITY 
NAVAL AlR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

..... . .... . ... . .. .....••. ....• . ...... ·;<·~il; .. ....... . ........ ....... ...» . . . .. 
1< ..•..•.. . ...... .......pil~tStuuyActl\lUy ....X... ....... . ..•.........•....................•............... 

PHASE I 

Install Free Product Recove!y Pilot System at Well NFFW-2R 

Operate Free Product Recovery Pilot S~stem at Well NFFW-2R 

Operate Vacuum Enhanced Free Product Recovery Pilot System at Well 
NFFW-2R UtilizingGAC for Off-gas Treatment 

Operate Vacuum Enhanced Free Product Recovery Pilot System at Well 
NFFW-2R Utilizing Thennal Oxidizer for Off-gas Treatment 

Operate Automated Product Skimmer in Well NFFW-6 

O"perate Automated Product Skimmer in Well NFFW-19 

Operate Passive Product Skimmer in Well NFFW-14 

Operate Automated Product Skimmer in Well NFFW-14 

Conduct High Water Table Rate Check on Well NFFW-2R 

PHASE II 

Conduct First SVE Test (High Water Table) 

Conduct Second SVE Test (Low Water Table) 

February - March 1994 

March 1994 - October 1996 

June 1994 

August 1995 - November 1995 
Sep_tember 1996 

March 1994 - September 1996 

March 1994 - January 1996 

March 1994 - J atlUarv 1996 

Feb11!ary - September 1996 

March 1996 

April 1995 

July 1995 
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TABLE 2 SUMMARY OF SOIL SAMPLE RESULTS-SOIL BORINGS 

NAVY FUEL FARM FACILITY, NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

R f S 'I SIC II ted 2 16 M cit 1989 esu ts 0 01 amples oec on - ar 

*C1eamp 
Parameter Units Standard FFBI FFB2 FFB3 FFB4 FFB5 FFB6 FFB7 FFB-8 FFB9 

Sample Oepth ft 1 1 4.5 4.5 6 3.5 3.5 5.5 5 

Benzene I'g/kg 800 NO 2 2 2 NO NO NO NO NO 

Ethylbenzene I'g/kg 70,000 NO NO NO NO ND NO NO NO ND 

Toluene I'g/kg 100,000 ND NO NO NO NO NO NO NO NO 

Xylenes, total I'g/kg 5,000 NO NO ND NO NO NO NO NO NO 

*Cleanup 
Parameter Units Standard FFBII FFB12 FFB12 FFB·13 FFB14 FFB15 FFB15 FFB16 FFB16 

Sample Oepth ft 5 6 8 6.5 4.5 6.5 7 5 8.5 

Benzene I'g/kg 800 NO NO NO NO NO NO NO NO NO 

Ethylbenzene I'g/kg 70,000 NO NO 52 NO NO NO NO NO ND 

Toluene I'g/kg 100,000 ND NO NO ND NO ND NO NO ND 

Xylenes, total tLg/kg 5,000 ND NO ND ND ND ND NO NO ND 

NO: Not Detected. 

FFBlO 

2 

NO 

ND 

NO 

NO 

FFBI7 

4 

NO 

NO 

ND 

NO 

•• Cleanup Standard per Pennsylvania's Land Recycling Program, Technical Guidance, 18 July 1995, Soil to Ground Water Pathway. 

FFBlO FFBll 

5 4 

NO NO 

NO NO 

NO NO 

NO NO 

FFBlS FFBISI 

3 9 

NO NO 

NO ND 

NO NO 

ND ND 
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TABLE 3 SUMMARY OF SOIL SAMPLE RESULTS-WELL INSTALLATIONS 

NAVY FUEL FARM FACILITY, NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

R Its r S 'I SIC lIected' 1989 esu 0 01 ample8 0 ID 

"'Cleanup 
Parameter Units Standard NFB-l (5 ft) NFFW-5 (3 ft) NFFW-6 (9 ft) NFFW-7 (7 ft) 

2-Butanone (MEK) p.g/kg 50 ND NO NO 88 
4-Methyl-2-pentanone p.g/kg NA NO 29 NO NO 
Acetone p.g/kg 400,000 42 120 NO 190 
Ethylbenzene p.g/kg 70,000 NO NO NO 160 
Methylene chloride p.g/kg 500 NO NO NO 2,300 
Toluene p.glkg 100,000 NO NO NO 83 
Xylenes, total mdh 5,000 NO NO NO 1,500 
Results of Soil Samples Collected in April 1991 

"'Cleanup 
Parameter Units Standard NFFW-8 (5 ft) NFFW -9 (5 ft) NFFW-IO (5 ft) NFFW-ll (5 ft) NFFW-12 (5 ft) 

Benzene p.g/kg 800 

Etbylbenzene Itgfkg 70,000 

Toluene p.g/kg 100,000 

XyJenes, total ltg/kg 5,000 

NFFW-l (5 ft): Sample Identification (depth) 
NO: Not Detected. 

NO NO NO NO 

39,000 NO NO 6,000 

6,000 NO NO 13,000 

290,000 NO NO 4,000 

•• Cleanup Standard per PemtSylvania's Land Recycling Program, Technical Guidance, 18 July 1995, Soil to Ground Water Pathway. 88: Bolded result exceeds Cleanup Standard. 

NO 

NO 

NO 

NO 
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TABLE 4 SUMMARY OF GROUND-WATER SAMPLING RESULTS 

NAVY FUEL FARM FACILITY, NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

Resu ts 0 fG d W SIC II ed 1021 J 1993 roun - ater amples o eel on - nne 

*Cleanup NFFW-5 
Parameter Units Standard NFFW-3 NFFW-4 NFFW-5 OUP NFFW-8 

Benzene ILg/L 5 NO NO S3 S2 NO 

Toluene ILg/L 1,000 NO NO NO NO NO 

Ethylbenzene ILg/L 700 NO NO 23 21 30 

Xylenes, total /Lg/L 10,000 NO NO 12 II 9 

*Cleanup 
Parameter Units Standard NFFW-Il NFFW-15 NFFW-17 NFFW-18 NFFW-19 

Benzene ILg/L 5 16 NO 6 2 67 

Toluene ILg/L 1,000 NO NO NO I 17 

Ethylbenzene ILg/L 700 70 NO NO NO 320 

Xylenes, total ILg/L 10,000 NO NO NO NO 500 

NFFW-9 NFFW-IO 

29 NO 

NO NO 

NO NO 

NO NO 

NFFW-20 NFFW-21 

2 I 

6 I 

2 NO 

NO NO 

Wells NFFW-I, NFFW-2R, NFFW-7, NFFW-13, NFFW-14, NFFW-16, and NFFW-19 not sampled due to presence offree-product in well. 
ND: Not Detected. 

*: Cleanup Standard per Pennsylvanian's Land Recycling Program, Technical Guidance, 18 July 1995, Aquifer Ingestion Standard. 
53: Bolded result exceeds Cleanup Standard. 
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TABLE 5 FREE PRODUCT RECOVERY PILOT SYSTEM ANALYTICAL 
RESULTS - GROUND WATER 

NAVY FUEL FAR&4 FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAh4 TOWNSHIP, PENNSYLVAMA 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Sanlp~e 

"T ........ ;.t;" .. 

BEFORE 

CARBON 

UNITS 

BETWEEN 

CARBON 

UNITS 

AFTER 

CARBON 

UNITS 

E
'OTES: 
D = Not Detected 

• A = Not AnaIyzcd 

, 

TABLE 5 FREE PRODUCT RECOVERY PILOT SYSTEM ANALYTICAL 
RESULTS - GROUND WATER 

.. ' "DatCi::,' .\, 

, 

""' .. ",.,'.,.,,. •.• ',(pgIJ.;}, ~ .•. ' 

4/27/95 420 

5/11/95 410 

6/15195 410 

10/25195 260 

11/21195 140 

03/27196 140 

07/18/96 100 

4127195 8.4 

5/11/95 6.2 

6115195 NO 

10125/95 NO 

11121/95 NO 

03/27/96 NA 

07/18/96 120 

4/27195 NO 

5/11194 NO 

6/15/95 NO 

10/25195 NO 

11121/95 NO 

03127/96 NO 

07/18L96_ 3.5 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP , PENNSYLVANIA 

'Tolaene ., ,. "Ethylbenzene I Yvl .. n ... : ITv .. ,.,:, 
,(pi!) (pg/L) " -~iL)' !r~iL);" 

:,' 
' "'" 

15 400 420 20 

12 470 610 30 

24 510 470 24 

10 450 460 19 

14 340 330 16 

NO 420 450 23 

9.2 180 130 8.2 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO 2 ND 

NO ND NO NO 

NA NA NA NA 

NO 13 2.3 NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

ND NO NO NO 

NO NO NO NO 

NO NO NO NO 

TotallrrEx .. ' . ,"c, ,<, 

: ,'(stilL):', ' , , ·\#8''-)::) 
'"".' . '.'.'" 

1,275 260 

1,532 310 

1,438 290 

1,199 310 

840 480 

1,033 390 

427.4 180 

8.4 NO 

6.2 NO 

NO NO 

2 NO 

NO NO 

NA NA 

135.3 ND 

NO NO 

ND NO 

NO NO 

NO NO 

NO ND 

NO NO 

3.S NO 

I·':··, ... i· •• ·.l.'~:),.'.···· 
8,900 

9,800 

7,400 

13,000 

·6,300 

18,000 

7,300 

NO 

260 

NO 

390 

140 

NA 

690 

NO 

NO 

NO 

150 

NO 

NO 

NO 

Bolded result "X~ C\caoup Stmdard per Peuaaylvania'. Und Recyclinl ProaraDl. Technical Guidance, 18 July 1995, aquifer in&ealion ltaDdard. Stmdanla in ",11 are .. follow.: beoz.eoe = s, I toluene = 1.000, elhylbeazc:ae = 700,1otal xyleoea = 10,000. aDd aapblbalcoe .. 20. 

I 



TABLE 6 FREE-PRODUCT OCCURRENCE and THICKNESS DISTRIBUTION 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 
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TABLE 6 FREE-PRODUCT OCCURRENCE and THICKNESS DISTRIBUTION 

Well # 

NFFW-l 

NFFW-2R 

NFFW-6 

NFFW-7 

NFFW-8 

NFFW-12 

NFFW-14 

NFFW-16 

NFFW-19 

NFFW-20 

NFFW-21 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

Number of Free-Product Occurrence and Thickness Distribution 
Monitoring 

Events 0.01 ft - 0.10 ft O. 11ft - 0.50 ft 0.51 ft - 1.00 ft > 1.00 ft 

72 9 8 0 0 

92 13 9 7 23 

68 19 6 0 0 

71 14 15 2 0 

61 5 0 0 0 

71 9 2 0 0 

77 28 18 4 9 

72 12 7 3 8 

71 4 0 0 0 

62 3 11 2 0 

62 1 0 0 0 

Product 
Occurrence 

Total 

17 

52 

25 

31 

5 

11 

59 

30 

4 

16 

1 
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TABLE 7 FLOW RATE TEST RESULTS - WELL NFFW-2R 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

WELL NUMBER 
NfFW.2R NFFW·7 

Flow Rate Tollt Flow 0IptI 10 Proci.Ict Oopt\ 10 Water ProcU:t TNdcnHs EIMo1cn Onwdooon 
(p) (gill) (ft) 1ft) (ft) Iftl (ft) 

0IptI 10 ProcU:t 0eptI 10 wallr Proci.Ict Thlclcness 
(ft) 

Elevalon Onwdooon 

o 15.40 0.00 m.75 0.00 
8.25 
810 
733 
735 

26.31 26.31 0.01 2M 78 10.M 
2883 0.00 28U2 13.23 
2731 000 28777 1198 

26.58 2682 004 2M58 1122 
715 600 2855 26111 006 288511 f1 21 
713 673 2843 28.51 DOS 2M.70 11.11 
723 7M 27.32 27.31 0.04 287.82 1196 
707 909 

483 
100 
562 
5.60 
5.61 
5.59 
4.11 

6.OS5 
1.345 
8.832 
7.065 
7.322 
7.692 
7.870 

24.07 

4.63 13.350 25.05 
520 13.63' 2855 
4M 13.042 25.80 

PIRfI maII.ncton. noI~ ..... 1420 
5.70 14.338 I . 
499 14.559 25.94 

27.M 000 28747 12.28 

2451 044 29095 811 
211.40 000 28575 14.00 
27.88 000 217411 12.28 
28.40 000 286.75 1300 
2850 000 28al5 1310 
21.74 000 28541 14.34 
2506 0.00 29009 1.611 

2548 0.43 28997 10.OS 
2591 036 28849 1151 
2583 003 289.34 1043 

3040 000 28475 1500 
25M 004 28920 10511 

(ft) (ft) 
13.96 
13.96 
1398 
13.98 
13.98 
1397 
13.07 
lUa 
1398 

1429 
1431 
1431 
1433 
1434 
1435 

14.63 
1463 
14.64 

1468 
14117 

0.00 
000 
0.00 
000 
000 
0.00 
000 
000 
000 

0.00 
0.00 
000 
000 
000 
000 

000 
000 
000 

000 
000 

(ft) (ft) 
300.12 0.00 
300.12 0.00 
300.12 000 
300.12 0.00 
300.12 0.00 
300.11 001 
300 11 001 
300 10 002 
300 10 002 

299.79 033 
299.77 0.35 
m.77 035 
2911.75 037 
2911.74 038 
29973 039 

29945 067 
29945 067 
291144 068 

29942 070 
29a41 071 

0IptI 10 ProcU:t 0eptI 10 wallr 
(ft) (ft) 

10.27 
10.27 
1027 
1027 
10.28 
10.27 
1027 
1027 
10.28 

10.37 
10.37 
10.37 
10.37 
10.37 
10.37 

1018 
1016 
1015 

1013 
10.13 

-

NFfW.12 
Proci.Ict TNdoIeu E1eY111cn Cr.-

(ft) Iftl (ft) 
000 2117.09 000 
o 00 297.09 0 00 
000 2117.09 000 
0.00 2117.09 0.00 
0.00 297.08 0.01 
0.00 2117.09 0.00 
0.00 29709 000 
0.00 29709 000 
0.00 297 08 001 

000 296.99 010 
0.00 29699 0.10 
0.00 29699 0.10 
000 29699 0.10 
000 29699 0.10 
000 29699 0.10 

000 29718 ·009 
000 29720 ·011 
000 29721 ·012 

000 29723 ·014 
000 211723 -014 



Time 0t1e 

1520 0lI27 
1535 03127 
mo 03127 
11105 03/27 
1620 03121 
1m 03/21 
1650 03127 
1105 03/27 
1720 03121 

1015 0Jf.!8 
1100 031.!8 
1200 03/28 
1300 03121 
1400 03121 
1~ 03121 
1538 03t.lS 

1110 03/29 
1210 03/29 
1310 0:l12li 
1410 0:l12li 
1430 03/29 
1520 0312!! 

TABLE 7 (cont.) FLOW RATE TEST RESULTS - WELL NFFW-2R 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

WEll. N\JMIlER 
NFfW.14 NFfW.le 

Fbo Rlt. TOIIl Flow ""'" 10 Pro<lJcI DeptlIo WIlier Pro:xl.od lNdonHs ElevIlon Orawdoom 0Iptl1o PrO<lJtt D1pt11o Wiler !'rO<1ICt Thit"""s, Elevalon ~ ,,,,,,,) (gill III) (III 1111 III) (II) III) (II) III) (111 (11) (I 14.93 000 30022 000 13.17 0.00 29977 0.00 125 1493 000 30022 000 13,17 0.00 29971 000 110 1493 000 30022 000 1311 0.00 29977 000 733 1493 000 30022 1100 13.18 000 29978 001 735 1493 000 30022 000 1318 000 29Il1. 001 715 600 1413 000 30022 000 1318 000 29978 001 7.13 873 1493 000 30022 1100 13,18 000 299711 001 7.23 788 1492 000 30023 ~OI 131a 000 29!178 001 701 90!1 1493 000 30022 0.00 13,111 000 29!1.75 002 

483 6.085 15,111 1520 001 291196 0.27 1331 000 29963 0,14 700 11.345 1523 000 29992 030 1331 000 299.63 014 5112 U32 1525 000 299,9 0;12 13.31 000 29963 1It4 sea 7.(165 15211 000 29!1,I" 033 1330 000 29964 013 S87 7.322 1527 000 29!1111 034 13211 000 299M 012 559 7.692 IS2l! 000 2IIU7 035 1329 000 29965 I) 12 411 1.810 

463 13.350 1556 1558 002 29958 065 1344 000 2995 027 520 13.638 1551 l~ea 003 29957 067 1344 000 2995 021 4811 13.942 1556 000 299S9 1363 1343 000 29!151 0.26 1'0.11'4' malMcllon.l'IOI ~ ..,.,420 
5.10 !4.336 I . 1558 000 29951 065 1343 000 29951 026 4 99 14.55~ • 15511 000 29956 068 1343 000 29951 026 

-_ .... _ .... -- ....... ... - ~- -



.. 
Oate 

Oe.tl7195 
CWI8/95 
08121195 
08124195 
08129195 

09101195 
09105195 
09107195 
09114195 
09121195 

10l06I95 
10113195 
10118195 
10127/95 

1I1\l9/95 
11114/95 

12101/96" 

01101196 

02128/96 

07110/96 
07118196 

09112196 
09113196 
09118196 

Nole. 

.. - - ..... -,~ -.- .. .., .. - - 1m 
TABLE 8 SUMMARY OF VACUUM ENHANCED OPERATIONS - THERMAL OXIDIZER DATA 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP , PENNSYLVANIA 

Vapor SYltem Thormal Oxldln. Recov.rylEm'lIlonl Rat •• 
Vacuum F_ Rata Innue"IOVMEL F,..h a~ Op .. allng Temp. ElllueolOVMEL Inllulnl TPH at ToIuo" TPH Roc"",ery Rail II Rec"",ery 

("Hg) (elm) (ppml'llo) ('II. open) 
Equta'ents Toluln. Equtale"" (In perlod) 

(F) (ppml'llo) (ppmv) (poundtlday) 
2 3924 a'll. lEl 100 1410 O'll.lEl 1000 (e.l) 11.71 
2 3924 33'11. LEl 7S 1410 O'll.LEl 4000 (eol) 4685 

3.4 2834 40'll.lEl t5 t410 O ... lEL 4500 3807 
2S 2834 1451160 15 1412 4010 7000 5922 
25 2834 180% LEL 12 1414 0 ... LEL 9000 7631 

27 2856 92'11. lEl 30 1410 0 NA NA 
26 2834 112'11. lEl 0 1412 0 4000 3340 
3 2725 4021125 0 1418 0 4000 (e.t.) 3222 

32 21.8 2500+1125 0 1412 240/1 9000 (est) 58.09 
H 23 1692175 0 1410 6110 19000 130.45 

5.' 22 49'l1olEl 0 1410 0 2000 (est.) 1028 
48 23 45%lEl 0 1410 0 2000 (est) 1161 
48 20 72% lEL 0 1410 0 3000 (est) 1467 
14 15 '100'llolEl 0 1410 0 10000 4613 

10 4 42'l1oLEl 0 1415 0 2000 (esl 1 206 
19 14 40'11.lEl 0 1415 0 2000( .. 1) 655 

NA ~ NA ~ NA NA NA NA 

NA NA NA NA NA NA NA NA 

38 872 300120 0 1408 2.510 NA NA 

3.2 6.5 428126a 0 Ul0 0 10000 (est) 19.76 
Sy.lem 011 due to high waler tabl •. Syslem I.malned otlthrough 09112196. 

46 13 335160 0 1420 0 3.000(esl) 12.00 
38 15 1921179 0 1409 2510 2,000 (est.) 7.28 

• The thermal oxidizer wao lumed 011 on 22 November 
dUlIo a damaged vacuum exttadlon blcwer. 
The blowor was r.paked and op4lallons rllumed on 28 February 1996. 
The Syslem was not operal,d 'rom March through Jun. ciUllo high waler table condttlons. 

elm· cubic 'etl per mlnule 
OVA" orga"1c vapor analyzer (name Ionlzallo" deleclot) 
lEl" lower "pl.st.. Imk 
TPH· total petroleum hydrocarbons 

NA· not applicable. laboralory sample nol coU.ded 

RecoverylEmloslonl r.'e. calculated IS 'otlowl: 

(pounds/clay) • Q{clm) X gppmv x IEE·S) X p(.lm) X vtl) X 0 4719 (Usee) X 8S400(.eclday) X 92 1(g/mol) X 00022(poundlg) 
R(l·almtmoH<) X T(K) 

Q{CFM) X gpp""') X 0 0083 
0.062 X T(K) 

Where: Q • vapor volume now rat. 
C • TPH coneln'rallon tllolu.ne .qu .... len .. 
p. atmospheric pre •• ure (1 tim) 
V • volume (1 Urt) 
R • Ideal g •• constant (0 062l·alm1mo~K) 
T· VlIPOf Innuenl'emperalull 

Volum. product roc"",e .. d • Recovery rate (poundtlday) 16.5 (poundtigaNon) x clay. 01 operation. 
Ri<:OV6iy rat. 6sllm.11od (',om lEt m .... ul.m."t) 'Of ciatal indicated. 

(gal) 
0.90 
7.21 
11 71 
911 
5870 

NA 
3597 
9.91 
49.97 
140.48 

12.&3 
10.72 
24.&3 
3.55 

222 
101 

NA 

NA 

NA 

1520 

0.00 
6.71 

Cumulatlvl Ellluenl TPH as T oIue" 
Roc .... ry Equta'ents 

(gal) (ppmv) 
0.90 ~ 

8.11 ~ 

1982 000 
2893 ~ 

8763 ~ 

87.63 NA 
123.60 NA 
133.51 ~ 
18348 NA 
323.96 0.00 

336.59 ~ 

347.31 NA 
372.14 ~ 

37569 000 (e.t.) 

377.91 NA 
37892 000(0.1 ) 

37892 1-11. 

37892 NA 

37892 NA 

39412 0.00 (est) 

394.12 
400.43 0.00 (eol.) 

TPH Emls.lon Rale .. 
Toluene Equlllale,," 

(poundtlday) 
NA 
NA 

0.00 
NA 
NA 

NA 
NA 
NA 
NA 

0.00 

NA 
NA 
NA 

O.OO(esl) 

NA 
0.00(0'1) 

NA 

NA 

NA 

000 (est) 

OOO(esl) 

- .. -



TABLE9 S UMMARY OF FREE PRODUCT RECOVERY 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

NFFW-12 0.25 

NFFW-14 67.29 

NFFW-16 14.32 

NFFW-19 0.00 

NFFW-20 0.35 

11 ,TFTAL 1 1513.I)W400.83 

Note: * Where two numbers appear (13 12.75/378), the first number references product 
recovered as liquid-phase and the second number estimates the liquid equivalent of 
product recovered via vapor-phase during vacuum enhanced free product 
recovery. Vacuum enhanced free product recovery from well NFFW-2R began on 
17 August 1995 and has been operated on an intermittent basis. 

'I , 
I 
I 
...• ,. 

il 

t 
I 
I 
I 
.-: ......... 

I 
'I 
I 
I , Note: * 

I 
I 
,I 
I , 

TABLE 9 SUMMARY OF FREE PRODUCT RECOVERY 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYL VANIA 

NFFW-l 0.25 

NFFW-2R 1427.02/400.83 

NFFW-6 1.86 

NFFW-7 2.00 

NFFW-12 0.25 

NFFW-14 67.29 

NFFW-16 14.32 

NFFW-19 0.00 

NFFW-20 0.35 

TOTAL 1513.09/400.83 

Where two numbers appear (1312.75/378), the first number references product 
recovered as liquid-phase and the second number estimates the liquid equivalent of 
product recovered via vapor-phase during vacuum enhanced free product 
recovery. Vacuum enhanced free product recovery from well NFFW-2R began on 
17 August 1995 and has been operated on an intermittent basis. 



TABLE 10 COST COMPARISON SUIdMARY - REMEDIAL ALTERNATIVES 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WI:LLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

Vacuum-Enhanced Recovew Using 
Water Table Depression 
Operating All Year 

$25,000-30,000 $320,000-S 10,000 $72,000-l 20,OOO 

LNAPL Recovery Using Water Table 
Depression Without Vacuum-Enhancement 
Operated Only During Periods of 
Low Water Table Elevations 

$20,000-25,000 y;250,000-420,0c~0 

LNAPL Recovery Using Vacuum-Enhanced 
Recovery when Conditions are Favorable 
and Only Ground-Water Table Depression 
when Conditions for Vacuum-Enhanced 
Recovery are Not Favorable 

$25,OOO-30,000 %320,000-5 10,000 $.55,000-65,000 

- 
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TABLE 10 COST cOrviPARISON SUMMARY - REMEDIAL ALTERNATIVES 

NAVY FUEL FARM FACILITY 
NAVAL AIR STATION, WILLOW GROVE 
HORSHAM TOWNSHIP, PENNSYLVANIA 

:::::::: ... : .. :.:::: .... ", ............. .... 

••••.•• • Rcin~dialOption. '. 
", ............ 

.. • . Approximate Approximate 
. Design Cost CoruititiCti6n Cost 

Vacuum-Enhanced Recovery Using $25,000-30,000 $320,000-510,000 
Water Table Depression 
Operating All Year 

LNAPL Recovery Using Water Table $20,000-25,000 $250,000-420,000 
Depression Without Vacuum-Enhancement 
Operated Only During Periods of 
Low Water Table Elevations 

LNAPL Recovery Using Vacuum-Enhanced $25,000-30,000 $320,000-510,000 
Recovery when Conditions are Favorable 
and Only Ground-Water Table Depression 
when Conditions for Vacuum-Enhanced 
Recovery are Not Favorable 

Approximah! 
I· .. · 

Operation ilnd 
MaintelllmC~l 

Cost (Annual) 

$72,000-120,000 

$40,OOO-60,{)OO 

$55,000-65,000 



APPENDM A 

SUMMARY OF GROUND WATER MONITORING RESULTS 
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APPENDIX A 

SUMMARY OF GROUND WATER MONITORING RESULTS 



1 a .. - -; .. i_ ,- _'. .. ' ... -, .. .. - ( .. eO. , 
i_ .. ... -

~ndIJc" 
_ GItO" HAl- '1IoI1'ndu<:1 RIC.very Iys< ... -orIntI-"ajed No. mH." T .. t 3113 

T_ TN« 
DePlli DEPlli lNAPI. COlIR. DePlli DeP11i T_ CUMM, FLOW 

WfLLtI TO TO 1liICl(. WATER 10 TO lNAPI. UlAPl lNAPI. METER 
CSG, GAI.IGE LIW'l WATER NESS REV. lNAPI. WATER THlClOIESS RECOV, RECOV. READING 
aEY. !WE lED lED .lED IfDt lED lED lED IBNJ IBNJ IBNJ 

NffW.l HI3O/M 11.10 0.00 2'''' 311.1' - lUO 0.00 211.21 - 12.12 0,00 21101 
_71M IUD 0,00 2M." 
1I4I1ZIM 12.13 0.00 2M 30 
II4I2OIM 13.04 0.00 2M.14 
04I271M lUI 0.00 21'," -... 14.11 0.00 211.01 
WtZIM 14.20 0.00 21(11' 
Wt3IM 14.21 000 2M.1 
OSIll11M 14.54 0,00 21..,4 
0SI24IM 1535 .,00 :115.13 
0SIZ11M 1510 0,00 :115.51 -- ,.30 0,00 214,13 
811115/M 17.20 11.21 0.00 :m .. 
Delll11M 17,21 1130 001 213 .. 
011011M 11.11 1'.11 O.OS 21201 
01113IM 20.12 21.10 0,1' 210.:14 0,25 0,25 - 17.42 0.00 213,11 000 0,25 
DelI1IM lUI 0.00 21350 0.00 0,25 - 11.20 0.00 214t1 0,00 0,25 - lUI 0.00 214.12 0.00 025 
0lIl14111 11.11 000 21411 0.00 0,25 
OIIIIIIIM 11.53 0.00 :mas 000 0,25 - lUI 0.00 213.30 000 0,25 
10I111M 20.21 20,33 001 210 to 0.00 0,25 
10I25IM 21.42 21.51 0.14 21U4 000 0,25 
IIII1IM 23.20 23,55 035 217.13 0.00 025 
11l221li4 23,22 2351 0.:14 217.12 0.00 025 
12I011M 2U. 21.41 021 21 .. 5 000 0,25 
1:11211114 11.41 IUD 0201 21111 0.00 025 
OI/04JlS ",32 114. 0,11 21114 000 0,25 
0111_ 17.7. 11,11 001 211.3. 000 025 
0112311$ 1117 000 214.31 0.00 0.25 
11211_ 11.14 000 214,24 000 0.25 
02I2III5 15.11 0.00 :115,22 000 0.25 
03I10IIS IUD 000 2M,. 000 0,25 
03I2tIIS 1414 000 2M:14 000 1.25 - 15.24 000 :11514 000 025 
114121115 lUI 0.00 214,11 0.00 0,25 
0SI1I1I5 lUG 000 214.11 0.00 0,25 
05124115 11.15 000 214.33 000 0,25 
DelI5115 17.35 000 21313 0.00 025 
0II2MI5 11.11 000 213., 0.00 025 
011OM1S 1'.to ',00 212.21 000 025 
01125115 20,01 20.02 0.01 211.17 000 025 
0lI01/111 20,34 20,43 0,01 210.13 000 025 
Del21/111 23.10 23,42 0.32 211,04 000 025 
0lIl14115 :14,01 24.1. 0.10 217,01 000 0,25 
DtI2tII5 22,55 22.15 0.10 211,12 0,00 025 
10t0M1S 21.01 21,14 001 210,01 0.00 0.25 
10I25III5 11,17 0.00 :115,01 0.00 025 
11121115 12.17 0,00 211.31 0.00 0.25 
12l0III5 14.11 0,00 217.01 0.00 0.25 
12121115 14,15 0,00 211.03 0,00 0,25 
01I2311III 12 .. 000 211,20 0.00 025 - 12,02 000 211,1' 1.00 025 
0111_ 13,25 0,00 217,13 0.00 0,25 
03127 .... lUI 0,00 211,11 
04/11 .... 11.75 0,00 211.43 
04124111 IUl 0.00 211.21 
~ 1311 0.00 217.50 
01113 .... 1412 000 211,41 
DeI2IIII 1451 000 21100 
07110lIl 14,13 0,00 211,45 
07125115 1311 0,00 21750 - 1424 0,00 21114 - 1$.01 000 21101 
otIll/II In2 000 :115,21 
otI2IIII 14,11 0,00 21140 
1- 13.10 000 217,21 
1C124111 12.41 0.00 211.11 
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I i 8 .. .. .. .. :- ... .. ,- .. - .. - _J 
.. - ' ... -. .. lilt -

App..,c"" __ HAS .I'l0l_ 1I ... ...,.IyoI ... _1I'Ing • rrojod No. 2MM.II Tast MU 

TANK TNiK 
DEPlH DEPlH LNAl'L COR~, DEPlH D£PlH TANK CllUM. flOW 

WEU" TO TO THlCI(. WATEft TO TO L.IW'l LNAI'l LNAI'l IIETER 
CSG. GAUGE L.IW'l WATER NESS ELEV. L.IW'l WATER THICKNESS IIECOY. IIECOY. !lEADING 
EL£Y. Q!JE lED lED 1EIl IfIW lED lED lED (Q&l (Q&l (Q&l 

NffW.2It 0II11W4 0.110 2e7J12 143Hl 
315.15 0II11W4 va ...... omaneod 1)'11.., ..... _II 1115 In. SyoI ... ~.d ___ 10M 

0fI20IM U3 3.15 202 12.52 21044 145544 
0fI211M 1.10 3.15 205 482 211S:141 1457 .. 
0fI211M 0110 21$.:141 1451,. 
0fI211M 0110 21$:141 l45IM 
0fI211M 0110 21$.:141 1-
0fI22IM 0.110 21$.:141 145840 
0fI22IM 25.50 2125 2.75 211.21 1.74 US 2.11 Itt 215.17 1-
0fI22IM 0110 215.17 145171 
0fI22IM 2e40 0.110 211.15 UO U5 2.15 .52 )1)1.11 '_7 
0f/24IM 0110 )1)1.11 141310 
0f/24IM 27.10 0.110 21105 1.14 3.15 221 174 '11.43 \414:141 
071011M 27.1. 211$ 1.41 217.77 1.14 US 221 0110 "'.4' 
071131M 32.05 3321 1.23 212.M 1.70 3.15 2.15 0110 '".43 
07n3IM 32.05 3321 1.23 212M I.M 3.13 2.11 145 '11." - 22.15 231) .... 212.11 1.82 310 2." 0110 )lUI - 22.15 231) UI 212.11 1.10 310 1.20 0110 311." 
otI171M 22.11 2447 1.41 211. .. 1.14 no 2.11 U. 321.04 
0II171M 2211 24.47 UI 211 .. 1.10 371 2.11 0110 321.04 
IItOOIM 20.01 1035 0.27 215.03 1.80 3.77 2.17 0110 321.04 
OIIIOIIM ".54 11.13 ..,1 21551 1.10 3.77 2.17 0110 m.04 .... ,_ 

21.15 21.1) '.41 2I3.M 1.10 3.77 2.17 0.110 321.04 
1111_ 21.'7 22110 ... , 213M 1.10 3.77 2.17 0.110 321.04 
II/)I)/M 22.13 24110 1.37 212.34 1.1) U. 2.t) 0110 321.04 141450 
la/171M 27.11 3327 III 217.24 I.M UI 2.IC 0110 321.04 141450 
1W25IM 2115 :141.47 1.52 214.35 I.M UI UC 0110 321.04 1-
111111M 33.35 35.)1) 1.15 211.55 I.M 3.71 2.14 0110 321.04 141450 
11122IM IfP BROKE DUllING GAUGING. NO IHFORMATlOH AVAIlABLE 321.04 141450 
12/071M 30.0t 34.15 4.07 21454 1.51 3.11 UI 31104 1)107 141450 
12I211M 25.13 2121 3.53 211." 0.21 3.23 2.15 110.7C 741.12 1414$7 
12I211M 0.21 3.23 285 45.110 71412 141457 
01_ 25.12 2111 3." 21153 UI 3. 0.00 0.00 71412 ,-
Olli_ 24.11 21.11 5.110 210." 314 3.71 8.14 10.15 105.71 141102 
011231115 2512 2111 UI 21153 3.1) 3.71 US 015 101.71 1411150 
0211_ 21.21 23.11 1111 213.'2 35. no 014 024 .01.15 141125 
02I2tII5 23.15 0.110 212.00 350 3.70 0211 .:141 "3.)1) 147D45 
0311_ 2445 0.110 210.70 2.34 3.15 UI 110." .74.211 173100 
0312IIII5 ".24 HEN 211ft 2.17 3.11 1,54 33,24 1007.44 -04104II5 22.)1) 0.00 21215 2.11 3.n u. 2.51 1001.15 221415 
04127115 21.15 0.00 211110 132 370 U. 134,25 1144.211 271110 
WillIS 21.25 21.21 0.03 21110 t.I' 3.70 252 21.35 111555 2111211 osn_ 21.05 000 211.10 O.ft 3 .. 271 310. 12IIUC )1IMI 
0f/151115 27.70 0110 217.45 U. 3 .. 3,21 11,211 121414 ))7410 
0fI2I1I5 23M 24.71 G.IlO 2IU7 0.)1 UI U5 511 12701) MII050 
07_ 25:141 25.54 0.11 211.71 ,. CO2 004 000 1270., :1401)1) 
07125115 25." 2145 O.M 211.43 3 .. 'M 1.33 1O.31 1211.1' 341M7 
0lI01115 2512 27.21 1.47 2II.I~ , .. '" 0.:13 000 1211.13 341M7 
0II2111S COULD NOT OPEN U. 3.11 Ul 0.00 I2IU3 341M7 
01114/15 DRY 0.00 3n 3.11 0.24 0.00 1211.13 341:M1l 
01I2III5 21.13 32.$1 2." 21$.05 3.71 3," 0.22 0.00 1211.13 34I:M1l ,_ 21.55 27,15 \.40 211.42 UI 312 0.25 1.23 1212.37 34I:M1l 
IOttIll5 25.75 21.41 1.71 2M.II UI ',II UI 11.01 1)1)1.44 351340 
lW25115 21.12 21.72 0.10 2M.52 341 317 0.41 4.30 1312.75 35211) 
1112111S IUD 11.10 - 217.55 3,45 3.11 0.:141 0.00 1312.75 .-12l0III5 20.71 21.05 0.34 21440 341 311 035 0.00 1312.15 -12I2111S 11,23 1'.32 '.01 2M II 3.45 311 0:141 0.110 1312.75 527110 
DlI23IN lU5 0.00 )1)010 3.45 UI 0.:141 0.00 1312.71 527721 
0_ 17,10 11.10 1.1O 217.52 3.45 311 0.:141 0.00 1312.75 521240 
0211_ 17.00 0.00 211.15 3,45 3.11 0.:141 0.00 1312.71 515130 
m7111 1O.75 0.00 21440 3.45 3.11 1.:141 0.00 1312.75 112lIIIO 
04111111 11.40 11.40 0.00 211.75 UI 3.71 U5 2.44 1315.11 n4115 
04124115 11.21 17,25 1.04 211.11 '40 3.75 0.35 000 1315.11 113250 - IS.IO 11.50 UO 211.17 3.40 3.75 0.35 0.110 1315.11 1013210 
CI5/2IIII 21.11 22.41 0.87 21325 340 3.15 0.35 0.00 1315." 1021170 
0111_ 17.15 18.11 0.34 217.21 3.34 UI 035 U. \317," 1-- 2440 0.110 210.75 '.25 3.15 040 7.5. 1324.74 ,-
0711_ 2127 0.110 2M." 3.12 3.17 0.55 11.11 1343.15 1131110 
07l251li5 1O.55 21110 005 214.$1 2.M 3.M 0.70 22.53 1:M1O.:141 "11245 
0l/02III 2211 0.110 212.\1 2.14 3.15 0.71 UO 1:M1l.34 "114140 - 2350 0.00 211.15 2." 3.12 0." 0.00 1:M1l,34 IlOHIO 
011151115 21.15 0.00 211.00 2.12 3.M 0.12 341 1370.75 123)l)1lI - 25.10 0.00 210.05 2." 3.12 0." 0.00 1370.75 1_ - 23,15 25.25 1.40 2IH2 2,71 3.14 0.15 22.75 1313.50 1_ 
01112111 2134 0.110 211.11 2." S ... 0 .• 11.74 1412.24 1322410 
0111_ 25.45 0.110 211.70 2.51 3.1) 1.04 lUI 142340 mc_ 
0111_ 21.\1 0.110 211.17 2.51 312 104 051 1424.00 1334420 
0112IIII 22.50 22.55 0.05 212.14 2.51 3·12 104 000 1424.00 1351100 - 22.24 0.00 212.11 2.51 3.12 1.04 0.110 142400 1353151 
,_ 

22.55 0.00 21210 2.51 310 1.112 2110 1421110 1-
IOtt7111 211.71 1O.75 0.04 214.43 2.51 312 1.04 000 1421.00 1401211 
lOI:24!9t lUI IU: 0.94 m.l! ~.57 ue 1.01 1.C2 1427.G2 14107$G 
1001111 11.10 0.110 211.25 2.57 3.$1 1.02 0.00 1427112 141_ 



a 

AppoMt<. 
Mow Oro •• HAl. PIIoI_ he.vtry 'yolo .. __ , -"fOjodllo" 2_." lui< au 

TANI!: THl!( 
DEI'lH DEI'lH llW't CO~ft. PEPTH 00P1'H THlK CIJIoIIi FLOW 

W'ElllI TO TO nKlr WATEPo TO TO UW'i. ~L ~ IIImll 
coo. Q,ljJ<J£ I.!W'I. WATER HESS ElEV. !..'iAPi. WATEII ntcKNeSS ftEWI A.COY. ft£AOIIa 
~ g,m !fIl !fll .!ED ~ !fll !fll !fll ~ ~ !.IW.l 

NFfW.3 WJaII4 12.11 000 31040 
322111 1)1,- 12.71 000 :10111 

WI"'" n4 000 31214 
04Ill\'N 14.2$ 000 30131 
WI;>. ... 1101 000 :105M 
M4.'N IUS 000 10123 
W03IN 2340 000 :mI. 
071011M 2125 000 :IN 11 TCltII dtptlloI ..... 21 21 •. 
O?l13IN MY 000 - 21.21 0l1li :1t132 
.. 171M 2Ul 000 2M. - 1172 000 102M - 22:111 000 10011 
0111_ 2UII 000 :IN. 
0t/)i)IN 21.11 000 21440 
101111114 2120 000 2i4H 
IIl125III4 21.11 000 214311 
111111114 21.21 000 :IN:!7 
11l221li4 21.21 aM 21U7 
1=1114 21.11 GOO 21441 
UI.!IIM 21.11 0l1li 214 3. "_ 211. 0l1li 21440 
0112_ 211' 000 21112 
ovum 2477 000 :1t7.11 
01J2llH 21l1li OliO )11152 
03lfOlM 11.14 0011 )115M 
CJ/2tiG(\ lUI 1.00 :lilII1O 
0<104II5 17.40 1.00 311$1' 
1W21m 2H2 uc 101.11 
O5Il1m 2UJ 0.l1li 10075 
05124115 21.21 1.00 :m21 
0II15/GS 21.12 1.00 2154. - 2122 1.00 2M 11 
87_ 21." 1.00 2M 44 
07mm 21.11 1.00 2M.41 
IlIIOl," 2120 1.00 2i4.H 
01121'" DRY 1.l1li !fA 
OIIf4IH MY 1.00 !fA 
0II2IIH DftV 1011 !fA 
1_ 23.11 11111 211.71 
1012W5 IUO 0.011 :lilII71 
I1l21m 1321 0011 *37 
1_ ISOO 0011 )117111 
1212lm 1$01 0.00 )IIUT 
OII23lN 1221 0.011 31032 
02IIlIIH lUI lOll *.111 
11211_ 13M 0.00 301.1!4 
03I27Ji1t 14114 0.00 *.54 
II4IIfJilt 1234 OIl!! 3tU4 
1W24Ji1t 13l1li Mil :1(11.51 
~ 15)11 0110 30Ut 
!!eI1:w11 lUI 000 )11500 
IW2WII 15110 GOO 30UII 
01l11l1M 1513 GOO *.1$ 
omMill 14112 GOO 307.111 - ISH MO 3011." - 11.:IIi coo :!05.n 
1!III11JH 1133 0.00 :!Il3.~ 
l1li2_ lUI 1.00 )IIUO 
11lI!lt.'ifI 15.10 1.1111 )117.411 
IIlIWiI 1211 1.00 3i!II17 

.. - - -. ... - - ..' - - .. .. -



'- - ... .. - .. - .. -
TNIK TNIK 

DEP1lI DEP1lI LNAPL COllll. OEP1lI DEPTH TNIK CUllII. flOW 
WElLfil TO TO THICK- WATEII TO TO lIW'L LNAPL lIW'L IIETEIt 

CSG. - lIW'L WATEII NESS £LEV. lIW'L WATEII ntCKN£SS RECOIl. RECOIl. !lEADING 
£W. IlM£ IfiI IfiI 1EIl IfIlf IfiI IfiI IfiI I!WJ I!WJ I!WJ 

NFfW4 03I3M4 I lit 0011 311.47 
328." - 127 0011 311.51 

OoUl2IM U3 0011 31U3 
0012II/II4 1421 0011 312." 
05I12IM 1502 0011 311.14 
05I24IIC lUll 0011 30Ut - 21.15 0011 304.71 
01mlll4 OIlY 0011 
07/131114 OIlY 0011 - 2<1.:15 0011 30251 
011171114 OIlY 0.011 - 2UI 0.011 30UI - 2307 0.011 303.11 
0lIl1_ :lUI 0.011 302.50 - OIlY 0011 
101171114 OIlY 0.011 
1tv25iN OIlY 1011 
111111114 OIlY 0.011 
llt22IIM OIlY 0.011 
1:11071114 OIlY 0.011 
121211114 OIlY 0011 
01_ OIlY 0.011 
O1t2l1l15 2:lM 0.011 30217 
0211_ 2:111 0011 3030. 
02I2Ml5 21 .. 0.011 30520 
0311_ 18.02 0.011 31014 
03I2M5 IU7 0011 312.38 - 15.43 0011 311.43 
00U271K 11.11 0011 307.05 
05I111K 2082 0.011 30124 
05I24IK 2117 0.011 304." 
0111$/115 OIlY 0011 
0II2tIK OIlY 0011 
07_ OIlY 0011 
0712511S OIlY 0.011 
0II011K OIlY 0.011 
0II211K OIlY 0.011 
0III14IK OIlY 0.011 
0III2Ml5 OIlY 0.011 
1- 2:113 0011 302.13 
1N25IK 1173 0.DO JlU3 
I1I21IK 1041 0.011 311.37 
12iOMl5 11 .. 0.011 :nUO 
12I211K 1202 0011 314.13 
0112:11M 1.17 0.011 311." 
~ 1.11 0011 311.05 
0211_ 10.32 0.011 "1.54 
tnn7tt1 10.13 0.011 ,".73 
04111111 7.17 0.011 311." 
00U2_ 1.4/1 0.011 311.41 
05I2Ml5 -_ .. -0111_ 14.17 0.011 312.11 
0II2fIN 1'-02 0.011 31214 
0711_ 14.1. 0.011 312.11 
0112W1 13.0. G.OII 313.17 - lUI 0011 312.11 
IItI30IN 15.71 0.011 '11-07 
0lIl1_ 17.110 0.011 30111 
0tmIII 15.40 0.011 311M 
1_ 14.13 0.00 '12.73 ,_ 

10.35 0.00 "UI 



A.pfa!"..di(( A. 
WIllow ar .... 1iAS .l'kIl'reUI ".<o .. ry 1yoI ... _ ...... rrojoct~. 2HH.H T .... 3413 

T,IIiK TANK 
OEP1Il OEi'1"H Ui.lPt COlIR. DEPTH ilEI'lH T_ WIllI" fLOW 

WEIlIt TO TO THlC1C- WATE!! TO TO I.IW'!. llW'L I.IW'l M£TEl! 
CSQ. GN.lGE LlW'L IW>TEII NI:$S ElEV. LIW'!. WATE!! TH!Cl!H!:$$ IIECO\'. 1Il!CQY. ~£AllH) 

lli'i. Jl6m If1l IfIl .IfJl !EN (Ell lID IfIl !>WI IlW.l m&:I 
NffW.S 03/JM4 3.44 000 31341 
3!Ue GU04II4 51t 000 31D 110 

W121'M 4.11 000 31215 
IMI2M4 lUll gOO 30534 
05112114 1212 gOO 304 7. 
05124.'" IUS gOO 3(!30l 
0MllJt4 IHI 000 3(!144 
OmlJN 12M 000 304 a. 
07lllJt4 21)115 000 mn - 1321 000 mIlO 
1i11111M 14~ 0.00 302115 _ ... 

1355 eoo )033:1 
iiiIt ...... 1131 gOO Xie50 
0ItI11I. ... 1253 COO 30435 
0Iti3IlIM llie coo 303114 
to;11114 1135 0.00 21153 
IIlmiM 12)4 000 30454 
1U1I1M 1210 gOO Xi47. 
Ul22JN 451 GOO 31HI 
ImlIM 417 no 311.11 
12I21IM 15001 Me 3OU4 
CIIGCIfIS 151 G.(IO 3'0 Xi 
OlmlflS Ut 0.00 3'UI 
O:1tIMlil 432 000 31258 
02t2Mlil 215 000 31403 
0lI11Im 410 000 31221 
1l3o"2tIH 1301 0.00 303.12 
1)oWAIfI!I Not~d 
00II271f1S '$71 000 3(!UiI 
05I111f1S 511 000 310.11 
05I241f1S lUI 000 :IOU7 
PIII151'1$ ,U. 000 ml2 - 11.\0 000 211.71 
DI_ ll." 000 21112 
0112!115 lUI 000 3G242 
_1115 'u. 000 moo 
!!II21115 21" 000 2111111 -- .41 000 lQII3I - 1111 000 31021 - 417 000 11271 
1- 10.11 0.00 :IOU. 
11121115 1.1lI Uti 31071 
1_ 12.74 800 30414 
12I21/M 570 0.00 311.11 
D1I2W1 $.11 0.00 31110 - 2.115 000 31403 
@111M 11.1:2 UN) 304" 
D3I21IM 12.01 0.011 304.10 
D4/111M 4.24 0.011 312.14 
1w.!4IM 11.21 0.011 )I)5.M 
I!!imIN 5.18 Mil 311.00 
IleiIWl 5.12 000 31U. 
1ltI2IIH 13,26 0.011 303ez 
01ll0IN IO.Zl 0.011 305M 
OI/2$/H 121M 0.011 303M 
IlM1IIM 13.1$ 0.00 30123 - lUI 0011 303" 
!IIII2IM 14.27 0011 302.11 
0fi2fIH 11.11 000 364" 1 __ 

4.2!l DOll 312M 
1004IiII lD.iil 0011 :lCUI! 

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



a - - ... .. - '. "" - .. - .. .. - ... , - - - .. -
"we_A 
_ car ... NAI-1'IoI PrO<Iu<t " ... ....,. tyot ... _ ...... _I'rajoct .... _.N T .... ,.1I 

T,IH( T_ 
OEPni DEPni llW'L COR~. DEPni DEPni T,IH( CUM .. fLOW 

WElLfi TO TO lltCK- WATER TO TO OW'\. LIW'L OW'\. METER 
CW. G.ttIGE LlW'L WATEII NESS !LEV. LIW'L WATEII THlCIQESS IIECOY. IIECOY IlEADIIG 
ill'i. Am lED lED jfJ) IfDI! lED lED lED 6WJ 6WJ 6WJ 

NffW.t 03/J0094 15.73 1512 0.11 :10317 0.00 0.00 
31Ul OlllOlll4 15l1li 15l1li 020 :!OJ 113 0.00 0.00 

OW</N 1141 lUI OOS :10320 217 273 001 1.24 1.24 - 1140 1143 002 :103.22 2l1li 2.73 0.07 0.21 1.45 
04I071M 11.51 000 :!OJ 04 2l1li 2.73 007 000 145 
04I12IM 17.11 1100 014 :101.74 2" 2.73 007 0.00 1.45 
04I20IM lUI 0.00 :101.53 214 2.73 001 0.41 I." 
04I271M 11.17 11.1' 002 :10145 215 2.73 001 0.00 I." - 11.22 1120 007 :IOOlI 2" 2.71 0.01 0.00 t .. 
0511 21M 1134 1145 0.11 :10027 282 2.71 001 0.00 t .. 
O5Ill1M 1141 1150 0.01 :10013 000 III 
0511_ 2004 0.00 m51 214 u. 004 000 1 .. 
0512_ 2018 2017 0.01 201M 214 2.73 001 000 III 
05I211M 21.04 21.OS •. 01 20151 2.14 US 001 000 1l1li - 21.14 21.l1li •. 02 207." 214 2.73 001 000 III 
0111_ 2320 23.24 0.04 20141 214 2.13 001 000 III 
0111_ 2340 23.48 O.OS 20121 214 2.73 001 000 III 
05I211M 2UO 2UO 0.10 205.21 2.l1li 2.71 OOS 000 I. .. 
0711111M 2144 2 .. 2 0.11 203.1' 215 2.74 001 000 I. .. 
07l1l1M 27.:10 27.31 0.01 20232 215 2.71 001 000 I .. - 21.38 2UO 0.02 201.24 Ul 2 .. 001 000 I .. 
0II171M 22.'2 UN 0.02 20170 212 2 .. 007 000 III 
OII:IOIM 20.'2 20." 0.02 201.00 2.12 2." 0.07 000 I." - 2U7 21." 0.01 20104 2.'2 2." 0.07 000 I. .. 
0111_ 22." 23.01 001 201.11 2.12 UI 0.07 000 I. .. 
0111_ 2405 24.11 0.01 205.51 2.12 2." 0.07 0.00 I." 
1JQ/301M 24.OS 0.00 205.51 251 UI 0.07 0.00 ... 1 
11II171M 21.10 27.17 027 212." 2l1li 270 0.04 0.00 ... 1 
10l25Il4 27." 000 201.73 2 .. 2.70 0.04 000 I." 
II/111M DRY GOO N-. 2l1li 2.70 004 0.00 I. .. 
11122IM DRY 000 M 2l1li 2.70 0.04 0.00 I." 
1211171M 2U5 000 201.17 2l1li 2.70 0.04 000 I." 
121211M 2412 000 21UO 2.l1li 2.70 0.04 0.00 1l1li 81_ 2554 000 214.01 211 2.70 0.04 0.00 , .. 
0111_ 23.01 000 211.51 2.11 2.70 0.04 0.00 I .. 

"mm 21.03 000 20151 257 2.15 0.01 0.00 I .. 
0211_ 2220 000 207.42 251 2.15 0.01 000 , .. 
02J2t/15 20.17 000 201 IS 2.51 2.15 0.01 000 1." 
03I10tI5 11.32 000 :10030 2.51 2.15 0.01 000 1." 
03/20115 lUI 000 201." 2.M 2.1S 001 0.00 1." - NalGaugN 2.51 2.11$ 001 0.00 ... 1 
04127l1li 2112 000 207.10 2.51 211$ 001 0.00 1." 
05111l1li 2112 000 207.10 2.51 211$ 001 000 1." 
05I24IH 2240 0.00 217.22 2.M 211$ 001 0.00 1." 
0111511$ 2217 0.00 201 IS 2.M 211$ 001 000 1." 
0II2tIH 24 .. 000 214.18 2.51 21S 001 000 1." 
07_ 25 74 0.00 213 .. 2.5. 2" 001 000 ue 
07/25/1$ 25M 0.00 21314 2.51 215 001 000 1 .. 
0IIII1l1li 2541 000 214.14 2.51 255 001 000 t .. 
01121l1li DRY 0.00 N-. 2.5. 255 001 0.00 I .. 
0II14IH DRY 0.00 M 25. 211$ 0.01 0.00 1 .. 
0II28II5 27.71 0.00 21UI 25. 211$ 0.01 0.00 I .. 
1_ 25.10 0.00 21452 25. 2.15 001 0.00 I .. 
1II125II$ 20.15 0.00 m47 2.51 2.11$ 0.01 0.00 III 
11121l1li 17.:10 '.00 :10232 251 2.15 0.01 0.00 I .. 
,_ 

11.51 0.00 :100.11 2.51 2.11$ 0.01 000 1 .. 
12121l1li 18.37 0.00 :10025 2.51 2.1S 001 0.00 1 .. 
OII2llH 17.10 0.00 :!OJ 52 251 2.15 001 0.00 1 .. 
D2IIItIIIe 18.00 0.00 :!OJ.12 2.51 2.11$ 0.01 0.00 III 
O2JI_ 11.40 0.00 :101.22 2"51 2.1S 001 000 1. .. 
03127 .... 11.01 0.00 :101.51 251 2.11$ D.OI 0.00 1 .. 
04111 .... 1137 0.00 :!OJ.25 2.51 2.1S 001 0.00 1." 
04124/N 1121 0.00 :!OJ 41 251 215 001 0.00 I. .. 
OS/2tIN ,.14 1.00 :100.111 251 2.15 001 0.00 I." 
01113/N 2003 100 mM 2.51 2." 001 000 1." 
0II2tIH 11.12 0.00 21170 2.51 2." 0.01 000 1." 
0711_ 20.17 000 211.45 2.51 2115 001 0.00 UI 
07/25/1$ Ilia 0.00 :101.02 2.51 2.11$ 0,01 0.00 I. .. - 20.01 000 211.11 2.51 21S 0,01 0.00 I .. - 20.54 000 211.01 251 21S 001 0.00 UI 
0II12iH 21.32 2U3 DDt 201.:10 2.51 2.1S 0.01 0.00 U. 
~ lI.lI O.DD :100.23 2,51 2,15 '.01 O.DD UI t_ IUS 0.00 300.27 2.51 2,1S 0.01 O.DD UI 
101241H 11.71 0.00 302.11 2,51 2.11$ 0.01 0.00 1." 



A,;pwdl.A 
_ QnlnllA.l- No! p,_ ~ ... ..." ~;""" _ ....... '<$<1 1M, _ ... Tm!ttl 

T_ TANK 
OEPTH DEPTH I.No',n tQRR. DEPTH DEPT,; ,- C\lMM FLOW 

WEll ... TO TO ,rile,," ""'.TEI TO TO I.IW'I. IJW'l !.IW'I. Mmll 
<:Sil. GlL!GE UW'L W~TEft NESS ElEV .. I.IW'I. W1<lE~ 1llICl'.H£SS RECOV RECOV. ~EAlltNG 

tuY. MI£ IfIl iED .I,"ll If!)! IfIl 1m 1m /JW.l mIJ !li&l 
HffW.1 0lI3M4 1\50 000 m51 
314.01 illIJM.I 11 42 000 302" - IIlI 000 30210 - U .. 000 302011 

1J.II!l71i4 12 II 000 3'l11a 
IloUl2IM 1151 000 300 51 
I>ImII4 1401 000 30000 
1loU21* U50 000 300 51 - 14101 000 21144 
1l"..I12IM 14111 000 211 It WI"," 1413 000 21115 
Wlt114 1512 15113 001 2li'I11 
Wl4. ... .182 II .. 004 21115 
WlI* 17.1. lUI oOt 2ND 
-)AM 1152 '"0 001 21iUS 
'*1$114 20.00 202* 029 :!I'" !!tIl80'" 20)1 2050 011 :!13M 
0711)1* 2412 2441 021 m.ta 
07llliN 2857 21 IS Oll 217.48 050 0.10 
0010$II4 111I 000 :11470 000 050 
01117* 2024 2025 001 21314 000 0.50 
I!&IlOIM 1733 000 2N75 000 0.50 - 1141 1142 000 :!lUI 000 0.511 
01/1- 11M 1817 001 214.12 000 0.511 
01/1- 2U$ 2127 002 21213 000 0.50 
atIlOIM 21.10 UIC 000 212111 000 OM 
10111* 2411 2410 U4 2tt30 000 0.511 
1MW4 2714 21411 0)4 *10 000 0511 
11111* DRY 000 "" 000 0.511 
tlf22JN DRY 000 NIl 000 0.511 
12I!!7* 27" 2'011 020 *.11 000 0.511 
Iml* :1l12 2357 0" 2IUI 000 0.511 
01_ 23.11 23 .1 074 *.1 100 1.511 
0111_ 211111 2121 020 :1112111 000 I.M 
01l231li$ 1'0$ 1112 001 m.02 0110 1511 
0211811$ 1.10 1113 013 m.28 0110 1$0 
01f.!IIH 1711 1122 00$ 2M 10 GOG 1.51 
iI3IlOiM 1142 1145 002 :HIt" 0110 1,141 
II3I2MS ,.M \.M DOl :HIIIO 0110 1.511 - 1141 11.51 005 :HIal 0110 1_511 
IloU21I115 1141 1141 O~ :!ISla 000 1.511 
051111115 UIo lUI OM 2M 11 '.110 1.511 
051241115 11M '1.2$ D.l1 :it4111 OlIO 1.50 
1M/15III!I WoII_ow<o.n,.SoII_~ 0.110 1.511 
0III2tIH 22~ 22:15 G'» :HI20l 0.00 1.50 
07_ 23.0$ 2330 0.2$ 2tl00 0.25 1.75 
07r.!5111!1 23:!!i 23M D.15 *71 gOO 1.75 
OMIIIII5 2342 2315 123 *13 0.2$ 2.00 
M/211115 DRY GOO ~ GOO 200 
!!W14IIl5 DRY GOO ~ 000 2.00 - DRY GOO ~ 0.00 2.00 
1- 23t7 24011 Gil *.10 @.OO 2110 
10.'25III!I 1.11 COO 2t1.22 0.00 2.110 
I1I2!M 1210 0011 301.3. 0.00 2.00 
1_ 14" Mil 2tII12 0.00 2.00 
ImlM 15.1. UII lilli'll GOO 2.00 
Olf.!3lll!l 12111 gOO 301.2$ 0.011 2.00 cz._ 1141 g.OII :!02~ GOO 2.00 
WltIM 14.12 $.Ill! 211M 0.011 2.110 
03I271M 1400 C.OO 30002 
€I4I111M 12.12 C.OO 301.38 
04I:l4lill 1221 e.oo 301.17 
os,'<io'ill 1441 0.00 mil 
!!tI1J.'iII 1510 0.00 :!M34I 
!!&'2&'iII 18011 UC 2$7111 
0711_ lIlt Uil! mIlO 
01l25.'i11 1400 0011 211 .. _w 15" GOO MID 
!!III»'H lU2 GIll! 21711 
!!WI:IIN II.M 0.011 2tII0l - 1450 0.00 mM 
1- 1514 0.00 mM 
lilI:WiS Inl 11.00 3OU7 

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



j - - - - .. .. - - .. ' .. - - - - - -
",.., ...... A 
_ a .... MAI.1'IcoC _ ~oc: ... ,ylyol __ ...... Project No. 2MOO." Tool<,." 

T.aHK T_ 
DEPlIi DEPlIi I.K'.PL COftll. DfPlli DEPlIi T_ CUMM. FLOW 

MLLII TO TO THlCI\. WATER TO TO lIW'l lIW'l lIW'l IIfTEII 
CSG, GIOOE lIW'I. Wl.TEII NESS ELEV. LIW'l WATfII THICKNeSS IIECOY, .ecov. IlfADIItG 
WY. 110m lED lED JED !fT1 lED lED !ED ~ ~ ~ 

NFFWI D3/lOIM 1225 000 21712 
,IQ,07 0lI04II4 1210 0,00 217,27 

04/12JN IHe 0,00 2M" 
04I20IM 13.13 0,00 2M 44 
05I12JN 1410 0,00 21527 
05I24IM 1512 0,00 21425 
1ItI03IN 18.14 0,00 213,13 
07IV11N 11.13 0,00 2t024 
01ll3IN 21.7. 21.7. 001 21121 - 1103 0,00 21201 
OtIITIM I .. ' 000 21124 - lin 0,00 21330 
0M)t/M 17.51 0,00 21251 
0tI1I1N 11.55 000 21152 - 118. 000 211,. 
10I111M 2121 000 2M 11 
10I2SIM 2117 000 28110 
IIII1IM 24.42 2445 003 21515 
I1I22IM :lUI 247. 005 215,35 
121071N 20 .. 000 2ID,1t 
W211M 2020 000 2H17 
01l0III5 2000 000 2t007 
01J23M 114. 0,00 2IU. 
0lII1Ii\I5 17,32 0,00 21275 
02I2IIi\I5 In. 0,00 214111 
DlIlom lUI 0,00 211111 
DlI20IH 14. 0,00 21511 - 1521 0,00 214,11 
D4n7/vs 1851 0,00 moo 
05I11/VS 11,25 0,00 21312 
05I241V5 1701 000 213111 
0tI15iV5 11$1 000 21251 
0tI2tIV5 IU2 0,00 212,05 
07_ 1120 000 2t017 
0712S1H 11.02 000 21105 
IItIOl/VS 20,31 000 21',71 
0III21/vs 23.37 23,37 - 2IUO 
0tI!41V5 21.21 21,32 all 21315 
0tI2III5 11,10 0,00 2tO 17 1 __ 

17.4. 0,00 21251 
10I2SIV5 15,31 000 214" 
ItnlltS lUI 000 217.4' 
1211111t5 lUI 000 21121 
12I211tS 13,1. 000 21121 
01123111 121. 000 21711 
~ 1:U2 000 21715 
0lII ..... 12.1. 0,00 217," 
03121111 ",,, 000 211M 
04/11111 11.1. 000 21111 
D4n4111 12,211 0,00 217.71 
05I2tIH 13.71 0,00 21131 
0III13IH 14,31 0,00 21571 
IIII28IH 14," 0,00 215. 
07110lIl IU7 0,00 215,00 
07l251li 1312 0,00 21115 - 1432 0,00 215,75 
0I!I30IH 1414 0,00 215.13 
Ottl3IH 15.54 000 214,53 
IIII28IH 14,50 0,00 215,57 I- ll," 0,00 211,11 
10I34IM 12.12 0,00 217,11 



A,"pt";<,~!!.A 

_ 0. ••• IIA' .1'IoI1'ro<Iu<t Rec"""f 1)'01'" _ ...... "'O/Id No. :!IIeUI T .. ~ llU 

~-
TNiI': 

OEMll DEMill l,,",PL C<-;R~ DEI'lH C€P1I! 
l_ 

ewlol FLOW 
WEll II TO 10 THICK· ...... TER TO TO IJoW'l. llW'L ltw'l IoIETEII 

CSQ. ~ lIW'l WATER NESS ElEV. lKA.f'L W.~Tn me_sa ~ECO" ftEC\.."", RE"ONl 
~ ~.n IfD t"1l JEll lEU !£IJ lffi !Ell 1M.! !ll&! !~ 

NffW.t 03/3M4 2112 000 :aal 
!Ii)(I,ll Il4I04Ii4 3114 000 2M 117 

04112104 311 000 2M7D 
04I2t>.'N 42S GOO 2MJI 
1l'!I!2IN 51. ~oo m43 
~7" ... t4 811 000 ~H2 

1Io!I01.W 7<1'1 100 ~117 

OM)!'" II' 000 2i01C 
01lllJl4 IH5 Ul 217M 
~ till Ul ~IM 
01ll7IM I~ 000 :11121 
IlIi3M4 733 000 :IIl:ll - ." III 000 ~2~l 

0ii!M4 III 000 ~17a - 114 000 ~U7 
IIII17IM !l.U 000 mN! 
IClmIM 1150 000 :!«til 
1I111IM UU 000 :117M 
wnw 13,15 0110 2174' 
IV071M i@:Ii 000 2102S 
12I21IM 10114 000 21U? 
01_ iU4 000 21047 
01t2l1t5 000 
OUIM5 H4 000 29107 
OmM5 0,00 
OOlIGitS O. 000 2H,n 
Il3I2tIt5 554 0,00 304,$3 

-'" U, to!! 213M 
04127115 710 tOO 302,117 
05111115 In 000 30344 
O5IWK HI 000 3024' 
CMlISIK 152 000 301.55 
CMI2IIt5 715 000 30212 
01_ 1811 000 300,3' 
O1t.!S1115 145 elill 301112 
_1115 1085 UII 21112 
CM/211U5 lUI 0011 21551 
CIOI'41U5 11,14 0011 211243 
ClII'2MI5 1115 GlIO :lOOn 
,_ 

7:15 0011 30212 
1II125II5 804 000 304,n 
111.W15 4,10 000 30517 
12/1l811S 000 
12121185 tOO 
OII2Ml 304 UII 30!1.13 
O2IIIMII 3110 1,00 3011.47 
IlIlIM 4211 U!O 305,11 
03127l1li 431 0,00 305.71 
04I111M 334 0,00 30073 
tW24IM 314 GOO 30033 
05mIM 474 0110 305," 
CMlIm5 Silt 0111) 305~1 

IJeI2Mf Wilmet"ibiI 
07l11l1M -... ...-em5IN 415 0,111) 30512 
0IiI)IIIN 5211 0,111) 304.11 
IIti30IM Ul 0,111) 304.24 
l1li1_ 542 0,111) 3\\3.115 
0IImIM $27 a,1II) 3041!1l 
IMlGIM 381 0111) 3011211 
lornIM 401 0,111) 3OII.C!II 

- - .'" - - '. .. - - .. - - - - -, - -



.. -. - - - .. - - - - .. - -. - - - - -~A 

Mow Or ••• llAl. rtot_ R .... "'Y tyot .... _orintI.l'tojoct No. _.11 TotI< 3113 

TANK TAN~ 
D£PlH D£PlH L~PL CORlt DEPlH D£PlH TN« CUM ... FLOW 

WELL II TO TO ll!IClt- WATER TO TO lIW'l. LNAPL lIW'l. IIETER 
CSO. GAUGE IJWII. WATER HESS fUN. L1W'I. WAlE/! 1IiIC«HESS ftECOV, RECOV. IlfAOfI«J 
mY. ~ lED lED .lfD tu. lED lED lED (I;WJ IlWJ IlWJ liffW.l0 03/30IN 533 0.00 2t5.n 
301.10 0CIIMII4 548 0.00 21514 

04/12IN 110 000 :11450 
IlCI2OIII4 lie 000 :114.14 
0SI12IN US 0,00 :107.45 
01101114 1245 000 21te5 
01llllM lUI 0,00 215 32 
0lI05II4 1\,OS 0,00 mos 
01111114 11.31 000 2tII.71 
0lI3OII4 III 000 :10121 - 151 000 :101.54 
011111114 lU2 000 2t1171 - 11.2) 000 21111 
10117114 1427 000 2111l 
10/25114 IU' 0,00 215,44 
11111114 It,ll 000 2nl, 
11122IN IU7 000 21133 
121117114 15.15 000 2153$ 
12121114 \3,1l 000 217.27 01_ 13.1. 000 287,44 
01123115 10,27 000 mil 
0211_ 000 
0212et15 1.7. GOO 21234 
03I101H 7.72 000 :IOU. 
~ 000 - 7.73 000 m,n 
04I271tS III 000 212,11 
0SI1I1tS 1.11 000 2121. 
05I241t5 1,53 0,00 :10157 
01115115 1057 0,00 m53 
0II2IIt5 0,00 
07_ 0,00 
07125115 12M 000 28124 
DOIOIItS 13.7. 0,00 287," 
01121115 17.15 0,00 213,3$ 
0II141t5 Z2," 000 271,71 
0IIi2III5 15,00 0,00 211.10 
1- 12,111 0,00 2tII.01 
Itv2!518S 1,24 0,00 212M 
111211tS 0,00 
1- UO 0,00 :114.50 
12I211tS 0,00 
01123lDl 0,00 
02IIlIIII 0,00 
0211_ 000 
03127l1li CMOIIWl:LL 
04/1\l1li 127 000 :ll41l 
04124/111 U2 000 214,11 
05121/!11 1,31 000 :114,7' 
oeIl3JM 701 000 :II4,at 
00/2IIM WeI .. eee .... 
07l101M WelIMe:ee,ttiI 
07l25111e .54 0,00 214,51 - .51 0,00 214,54 
0lII3OIII 1.32 000 214.11 
01112111 1.03 000 213,07 
01/21/!11 7.50 000 21310 ,- us 0,00 21425 
1DI24IM no 0,00 214,10 

NFfW.I1 03/30IN 
301.40 0CIIMII4 



'-'pt-ndl.A -.. ""' •• "",.1'10« I'tHY<t J«.,flY Iy>! ... -"'*'II' r,ojod lie. 2fIM." THI< MU 

TJl<K T_ 
eEm! CEPlH llW'!. cO!!~ OEI'lIl !lEI'lIl TANK CU"''' flOW 

.... Hlfl TO TO irllCi(. WATEft TO TO UW'l. lKl.PL L.'W'1 MEm! 
CSQ GI.IJt'lE lIW'!. W~TE~ !lESS Elf\!. l!W'i. WATEII lH!CIiIIES$ ~£CCN !tEG"OII READING 
illY. !WE !f.ll !f.ll .If.D i.mt trn !f.ll 1m w.!LJ !Q&l ~ 

NffW.12 ~ 173 000 mn 
:107.311 IW!l4Ii4 101 000 mn oe_ 122 000 :!iI1.1' !WOr ... UI 000 mill 

!MI!2IM IU4 000 :!iIU2 
!MI_ 10.43 000 :!iIU' oem ... ID.14 000 :!iIU2 
ilMJ.IIi4 11.72 000 mll4 
1t!i12IM IUS 000 :!iIHI 
!WI:!.'i4 lUi 000 m31 
OM_ IUe5 000 mOl 
IWWN 1323 000 :INn 
1l5I27 ... IUS 000 :!ill 71 - 1444 000 :!iI282 
~I- 15.14 1575 OW 211182 
~II!IN 15.11 Istl 002 2f14$ 
01101 ... ItII3 1111 U! 2M 32 
07113/D4 lUI 2020 C 12 :1112f 025 025 - 1112 lIN g02 21044 Dill! 025 
01117 ... Ins " 37 CO2 2ft 01 000 025 - 1411 000 2t318 Dill! 025 -.. lUI o III! 2t3M 000 025 
1liI1.w4 1417 CIII! 2t3t. 000 021 
1liI1_ lUI 000 :ln37 000 021 
IliI3CW4 11.11 000 :lI051 000 025 
1111171114 In!! II.OS DID 21140 000 025 
1!1i251114 :/0.80 0.00 21'58 000 025 
11N11114 23. :3.17 0.011 :lIH. UO 025 
ItIWN !fl' 1.0«£ OO!IING GAUGING. HClINfOllIlATION AVAlI.All.E 000 025 
11JIllIM :!Hl 2252 000 214.14 000 025 
1:IJ2!1M tllO 000 211108 000 021 
01_ lUG 000 211120 0.00 025 
0111_ 11.$4 000 2fGe: 000 021 
OII2llli5 15115 000 21141 000 025 
0211_ 11:13 000 211203 000 021 
IW2tm 14.14 000 211322 000 021 
0311_ 12 .. 000 211440 0.00 025 
ClmIM un 0011 21504 GOO 0.21 - 1302 0011 2114.34 0.00 025 04121. 14.114 GOO 21212 0.00 025 
1l$I11. 14.51 000 2121. 0.00 0.25 - 15.1. 000 32.17 0.00 625 
OIIIU. 11.14 aoo 3122 0.00 0.25 
0I0'2tIII5 11.14 0011 :lIOn GOO 025 
07/OMM1 17.14 000 2f852 0.00 025 
O712SM 1I.1e 000 2111" 0.00 025 
1leI01. 1105 0011 2M3! 000 025 
l1li21. 22.31 22.3t 0.01 214 .. 000 025 
11t114IIli 2S.3t 25115 0.27 281114 000 025 
1liI_ 2ue UN 0.08 28Ui 000 C25 1_ 

IUt 0.00 211110 000 025 
llt1251l15 13.11 000 :m58 000 021 
11121/115 1.70 0.00 :!I7" 000 021 
12_ 11.37 000 :!IH' 000 021 
12121/115 11.80 0.00 m51 000 021 
OlmIM lD.37 0.00 :!Hilt o Ill) 025 
Ir''- 145 000 :!lUI o Ill) 025 
0211_ lUI! 000 :!H71 000 025 
I!3IVIIIS 10.28 000 217.10 
I)UIIIIIS I. GOO 21UI 
i)U2.c/i1e 121 000 211.11 Illo __ 

11.18 000 211t.17 
OIIIIJ.'lIe 12.52 000 21414 
0!!<7!!IIIS 12,28 000 :/is.IO 
01i10iM 1241 000 :/iUS 
011251ie UW 000 2t4:14 
IlMlMO! 11.74 000 ml!2 
ce.'lMI4 1282 000 2t454 
0III1:1J'N 131e 000 3~" 
0Im.'H 12.3t COO 214 .. 1_ 

lI.ro 0.00 mill! 
1!11"_ Uil U" 315e 

'. - - - - - - - - .. - - - - - .. -



.. - '. - - .. - .. .. - .. .. - .. - .. - - -
~""'A _ CIr ... IWI·1'!IoC I'roduct ~K.Wfi)lIysI ... _ ...... P'oftd No. 2MH." , .... U13 

TN« TN« 
DEP1If DEP1If llW'l toRR. DEI'lll DEP1If T~K CUM ... FLOW 

WELL" TO TO llltCK- WATER 10 TO lIW'I. lIW'l lIW'I. METER 
CSG. GNJGIl lIW'I. WATER NESS ElEV. lIW'I. WATEII THIClOESS IIECOV. IIECOV. IlEADING 
w.v.. p,m IfD IfD 1EIl en. IfD IfD IfD Ill&) Ill&) Ill&) 

NffW.13 03IJ0IM UI 0.110 m,SI 
305.10 -04I12IN 102 0.110 2D101 

04I20/N 131 0.110 m.1:! 
0SI12IN 

NFfW.14 03IJ0IM 1021 0.110 30218 
313.1' - 101. 0110 302,'1 

04lOIII4 10M 1.00 302.21 
_1114 lUI 0.00 302.01 
04I12IN 12.57 1251 0.01 300.51 
04I20/N 12.57 lUI U. 300.51 
04127114 12.15 1217 002 30051 -... 1315 n. OM 2Ql30 
0SI12IN 14.23 1421 0011 ml2 
0SII3IN 14.17 ".1' 001 mit 
OSII_ 15.30 15.31 0.01 2D715 - "44 1150 001 m.71 
M7114 17.04 17.011 0.05 m.12 
0II03IN 1713 lUI 0.05 m.22 
0fi15IN 1151 1151 0.04 2Dal 
0fI1_ 1t.72 1113 0.11 213.43 
07101114 2303 2231 US m.OI 
07n3IN 2110 31.1. 5.04 21510 10.110 10110 - 17.53 21.55 '.02 m.1I 5110 15.00 
0fI17114 17.10 2UI '.01 2.4.13 7.00 22.00 

31541 - lUI 1111 003 2IHI 0110 2200 - 11.15 1142 027 2111.30 000 2200 
OWl4IN 2071 20,10 003 214.72 000 22.00 
OWll1N 2UO 2U2 002 213.51 000 2200 
0W30IN 2235 2231 001 213.1. 000 2200 
10117114 2531 25 ... 010 m.12 0.00 22.00 
10I25IN 27. 3350 5114 21UO 000 2200 
11111114 31.31 :Ie.51 522 213.50 1.10 22.10 
UmIN IFP BROKE CURING G.<IJGING 500 21.10 
12101114 27 .• 3HO 1M 211." 11.00 31.10 
12121114 22.47 25.21 1.11 211.71 300 42.10 
01_ :14.00 2UI 041 21143 1.00 43.10 
OlNtIIIS 22.35 22.51 021 213.11 0.00 43.10 
011220115 20." 000 2.415 037 .3,47 
02lltlllS 2O.:Ie 20.37 0.01 215.13 0.00 43,47 
02J2tI/IS 11.13 0.00 21151 000 43,47 
0311_ 17.13 0.00 217.11 000 43,47 
0lI2III5 lUll lUI 0.11 211.17 000 .3.47 
1l4I04II5 1'.21 11.54 0.25 217.17 0.00 43.47 
04127185 20.22 20.17 1.45 215.21 0.00 43,47 
0SII1185 20.11 2035 '.24 m.35 0.37 4304 
0SI241t5 21.07 21.22 US 21440 D.37 44.21 
0fi151t5 21 .• 22.12 .21 213.10 0.00 4421 
0fI2I/t5 22ft 22. 0.10 211. 0.37 4451 
01_ :1452 24.51 0111 mil 0.00 4451 
0712S1115 24.52 24 .• 0.34 m.13 0.55 45.13 
0lI01185 25.44 2514 0.20 210.02 0,37 4550 
01/21185 31.111 35.21 US 21337 0.37 4517 

313.1' OWI41t5 33.13 34.45 052 271.111 037 "'.24 
0W2IIt5 2410 21.1' 3.:Ie 217.2 1.50 52.74 
101011t5 22.12 22.77 US mil 0.00 52.74 
101251t5 15.71 11e02 024 217,35 U7 53.11 
11121185 11.21 12.02 074 301.71 0.00 53.11 
12/Ot111S 13.3. 14.:Ie 0.17 2M." 2.00 55.11 
12121185 000 0.00 55.11 
01123II1II 0.00 0.00 55.11 
01J0IIII 0.00 0.00 55.11 
02118111 0.00 000 55.11 
03127111 14.41 000 211.11 
04I111M 13.12 13.14 002 2M.44 
04124111 13.22 13.32 0.10 2M.13 
0SI28III lUI lUI 001 217.41 
0fi1311111 17,01 000 2111.07 
0fI2IIII 17.41 lUI 0.01 215 .• 0.00 55.31 
07n0lll 17.12 lUI 0.0. 215.5) 2.11 2.11 0.50 10.51 15 .• 
07l251li 15.35 000 2D7.'1 2.07 2.51 0.41 0.00 15 .• 
0lI01111 11.15 lUI 0.0. 217.00 15 .• 
0lIOIIII 17.11 17.12 0,01 m.05 2.01 2.51 050 0.20 111.01 
0fi15111 17.41 0.00 215.75 2.00 2,51 0.50 0.00 1101 
otOO'III 15.12 IUO UI moz 11101 
IOIOUII 1151 lUI 0.22 21455 2.05 2,55 0.50 0,00 111.00 
OWl2111 1'.33 11.3. 022 213.17 2.01 2.' 0.51 000 11.01 
OWI8111 It.'" 000 2.UI 2,02 2.51 0.51 010 II .• 
0III2IM 1 .... 000 •. 2t 202 2M OM 0.00 eut 
1_ 1'.ft 11.15 000 m.31 u. 2.53 0.55 0.20 11.01 
10117111 15.55 15.5' 0.0. 217.10 tl7 2.52 055 000 '7.01 
10124111 13.11 lU5 0.00 20UI 1.17 2.12 a.5I 000 17.01 
1flt31111 14.03 14.01 003 201.13 I .• 2.51 051 020 17.21 



Apji.,,:Ii. A 
- 0. ... ,,". Plot r'_I1 ......... t 1)'It.., -om, .I'r*<t He_ 2HIIUt Tm 3113 

TN« 
T_ 

0E!'1ll OEMH lW,Pl COU,. OEI'IH DEMH T_ ruMM flOW 
WELtfl TO TO lHICK- \'ATEI! TO TO UWl llW'l. UWI. METU 

CSG GAOOE iJW'L \'ATEI'( lESS ELfV_ LIW'I. WIlTEl't me_liS ItECO'I IIEIXN ItEADIHG 
ill1l. liMfi !f.D (fIl .lfD (fT.-i! (fIl lEn tED ~ !>Wl ~ 

NffW.15 OOIJ(JIN IN 0.00 217il 
M.Il G4II)oIIM .1. 1100 217 Ii 

00II12114 lUI e.oo 2M.l 
0U2M4 1631 0.00 2M.I 
1l5I12fM 1335 1100 liH2 
W24'i4 1411 000 2122t 
GMlJIM 11.15 COO 21672 
01/o1~ 21 .... COO 21531 
0111 JIM 24.21 000 20231 - 11.211 000 21031 
WHIN 17:1. 000 2ttll - IUS 000 2112.82 - 1413 @!!OJ :IiItN 
IKIIlfIN I1l2 000 :<9.55 - 1121 GOO m.M 
HI/111M 2U7 @!!OJ m~ 

II:1m1N 2312 UII 213.11$ 
111U1M 27_~ GOO :!IUl 
um.'i4 21_30 COO 21157 
12III11M 233) 0.00 21354 
UI.lIIM 11.15 0_00 m.1l 
01_ 21151 0.00 m31 
01123115 17.01 000 moM 
02ll1WS 17_17 000 21010 
DV2t185 1572 000 21US 
03110115 1342 0.00 211345 
03l21li5 1321 0.00 2IIUO - 14.01 0.00 292111 
Cl4l271i5 1822 0.00 210" 
II5IIIIi5 1110 0_00 21017 
115124'15 11-31 0.00 21051 
0II151i5 II~ 0.00 2M 37 
0«/2IIIi5 21141 000 m31 
07_ 2US 000 2tS32 
Dll25111i!1 21.12 GOO m_ls 
lIII01111$ :204 GOO 34113 
01121111$ :lUll 000 211l1li 
0811418:11 3.M 000 214. - 2300 000 213.11 .- lUi 000 211 .. 
lllr.!5lM 1342 000 :ltl ... 
111211H ... 000 21731 
1_ 1178 000 215.11 
12I211H 12,41 000 21441 
OII23lH 000 
0_ UI 000 2IItli 
0211_ 10_82 000 21515 
03l27M 10.34 000 21N153 
O4II1M US GOO 2INI02 
CI4I2_ 1_21 000 211118 
MI2II/M lUI 000 215.11 
0II13IH 130 000 mil - 123] 000 21454 
om_ 1210 000 *21 
07l25iH 'UI 000 2151. 
0MiIIH 1111 000 moo 
01._ 13_24 000 mll3 
QMmt 1414 0.00 212_13 
!JtI;1fIH 12_20 000 *11 1_ lUI 000 21551 
l!!r_ 1.11 OliO 217.11 

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



- - .. - - ;- - - - - .. .. - - - - .. - -
","ponell. A 
__ 0. ... NAI -l'ii0i I'roducIlI.c •• oty 1ytC_ -0fInG - rrojod No. _H TN :1113 

TANK TANK 
DEI'1l1 OEI'1l1 LNAPl CORR. OEI'1l1 DEI'1l1 T_ CU"' ... FLOW 

WELL., TO TO THlCl(.. WATER TO TO LNAPL LNAPL LNAPL liIETEJI 
CSG. GAUGE LNAPL WATER NESS REV. lNAP1. WATE" THICKNESS RECOY RECOY. ftEAlllNG 
EI.f.Y. 111m lfll lfll ..(f]J lED! lfll lfll lfll !lWJ !lWJ !lWJ 

NFfW.1I DlI:IOIN 11.00 0.00 301.54 
312.14 - 11.2. 0.00 301.85 - 11.13 0.00 301.11 

04107114 12.11 000 300.13 
04112114 13.01 000 211 .. 
04I20IM 13.44 000 211.50 
04127114 3.30 0.00 3OU4 - 14.15 0.00 211.71 
05112114 14.32 0.00 21112 
05I13IM IU. 0.00 21155 
05111114 lUI G.OO 211 01 
05124114 15.71 0.00 217.23 
05121114 lUI 11.11 000 211.71 
0IIII3114 1104 1107 0.03 21110 
0II151t4 '121 1134 007 214M 
01111114 lU. 11.01 0.07 21445 
01101114 21.12 21.T7 G.15 211.30 
07113IM 2411 24.111 '.50 211.70 0.25 0.25 - 17.43 lUI 1.23 215.30 1.00 1.25 
01117114 IU2 11.21 0.74 21432 '.50 US 
0II30IM 1145 11.01 O.ll 211.47 0.25 2.00 - 17.11 17.17 0.01 21512 0.00 2.00 
MlI4IM 20.T7 2010 0.03 212.17 0.00 2.00 
Ml101M 11.21 1t.21 ... 1 m.M 007 2.07 
0III30IM It:ll It." 000 213.51 0.00 2.07 
lott7114 22.52 2211 0.01 210.41 '.00 2.07 
IIIt2SIM 24 .. 21.20 U4 217.81 8.110 2.07 
11111114 2110 32:11 2.51 mil 1110 207 
11122114 3122 34.1' 2.17 21133 0.00 207 
12107114 25.45 21.80 3.45 21704 0.00 207 
12121114 20. 23.11 2.23 211.T7 400 .07 
0101M115 21.21 22.03 0.7' 21U7 100 7.07 
01/11115 11.33 11114 0.31 213.57 1.00 107 
01123115 17.n 17.07 0.25 215.11 000 .07 
02111115 17.51 17.73 US 21534 000 .07 
02l21li5 11.41 0.00 21153 000 .07 
03110115 1514 0.00 217.10 000 '.07 
03/2tIt5 1480 0.00 211.04 025 132 
04104II5 15.7 000 217.47 0.00 832 
04127/111 , .... II .. 000 215 .. 0.00 '.32 
05111115 1 .. 5 000 211.01 0.00 132 
05I24IH lU' lUG 0.01 215.35 0.00 '.32 
01115115 11.4. 11.47 0.01 214.41 0.00 '.32 
0II2tIH 11.7. II. 001 213.15 0.00 '.32 
07_ 21.01 000 211." 0.00 '.32 
071251H 21.15 21.13 0.01 211.1. 0.00 '.32 
0IIII1/111 21.80 21." 001 21I.OJ 0.00 '.32 
01121115 21.72 21.10 U. 215.04 000 '.32 
Mll4IH lU. 341.10 lOI 27 .. 1 '.00 14.32 
01121115 21.01 21.11 0.71 215.71 0.00 14.32 
1- 22.20 22.:11 u. 2IO.n 0.00 1432 
IIIt25IH 1512 0.00 217.02 000 IU2 
111211H 12.17 0.00 3OOT7 000 1432 
1- 14.00 0.01 21114 0.00 14.32 
12I211H 14.15 0.00 211.71 0.00 1432 
011231t1 12.55 0.00 300.38 0.00 1432 
02lOQlH 11.24 0.00 301.70 000 14.32 
0711_ 13.21 0.00 210. 0.00 1432 
03127101 lUI 0.00 210.73 
04111101 12.05 '.00 300 .• 
04l24/OI 11.15 0.00 501.01 
05I2t/0I 13.74 0.00 210.20 
01113/01 14.T7 0.00 211.17 
0lI2I/OI 14.15 0.011 21100 
0711_ 15.01 0.00 217." 
07/25/01 lUI 0.00 501." - '411 0.00 291.33 
01I50/OI 1442 '.00 211.52 
01112101 lU3 0.00 21Ul 
01l28/OI 1410 '.00 211.14 ,- 14.01 0.00 211.:11 
10l24/0I 12.01 0.00 300 .• 



~":liK'" 
- Or ... HAl. fIoI "'_ R ......... &yol"" _ ...... I'folo<l No. :!HIG." T .... )lU 

TANK TANK 
OE~11l OEPTIl lKtl'l. COl!~ Elff'lli 1l£F'IH 

T_ 
eUM .. flOW 

Wl'!.llll TO TO THICK- ..... 11:11 TO TO IfW'L tllAl'l. l!W'l IIrnA coo. - L'W'l W;f.TEA NESS EI.!V. l!W'l WATER lHIC_sS II~COV IIECOV. 1I!A!lH3 
ru:'t'. g,r...u; II'Il !ED .ifD ifU ifD 1m !ED QILl ili'Ll IlWl 

MfFUI1 nlIJIlIM 2.31 0.00 :m.t4 
:!tI52 - 245 000 211.01 

GU!21i4 331 000 215M 
0frnIi4 311 000 mit 
WI211i4 SIll 000 :IIH$ 
1l5I240'14 713 000 :112:11 
0Ml3Ii4 128 000 :Ina 
01mlIM 11.111 000 211.12 
0111l'M 1415 000 m37 - 1047 000 mH 
Dtn11i4 118 000 :m.r. 
0IIIJ(\94 715 000 :112.)1 
_'14 112 000 :111.111 
0IfI81i4 1015 000 mIl 
!ifI»I4 UI 000 :m54 
IIl117lM 1%:15 000 211.11 
tllmlN 105 000 :IIU7 
11111 ... 1111 IHI 000 28Ul 
IImIN 1.,1 000 :11115 
U1C1 ... IS .... 000 28401 
Iml'" 1212 000 2t!I1O 
OIIQ4JllS 1282 000 2t!I1IO 
Olm.ogs 112 000 210.110 
O:!l!m 000 
D:!f.!Im 772 0.00 21UG 
filIlM5 835 0.00 21311 
DlI2tIII5 101 0.00 21351 - .. I U(I 21301 
O4m1H 125 0.00 211.21 
WIIIH 145 000 21101 0512_ 

1M 000 11051 
DIII5IH '.77 COO :!til 15 
Iw.2III5 1011 000 2t!I.ll 
071!le115 11.7. 000 11114 
01i2SIH 1212 0.00 21110 
I!IIOIIIIS 1317 000 211:11 
I!IIlIIIIS 1103 000 :IIHI CIiI1_ 

21112 000 217110 
IltI2IJ'IIS 1525 000 :114.27 
tllo'llfm IUl 000 2t!I30 
lilI25IH 1.111 000 21272 
111l11111S Ul 000 aUG 
1:!lOfI'IIS HI! 000 *N 
ImllH 000 
Otl23lN 3.51 000 2tI! 01 
02lllUlN 211 000 21U4 
fI2i1 ... OliO 
IllI27I11i! 3'- 000 2tl!01 
04It1111i! 2.13 1.00 211.31 11412_ Hl GOO 2tI! 10 
05I:ltIIIi! 451 Uil *114 
Wt3llli! 1311 000 m:!2 - 527 @oo *25 
0711_ 555 OlIO MW 
071251i11 401 D.OO 215 .... - 410 D.OO 2N.n - lOt B.OO 213 .. 
OIfIlIM 1.33 B.OO Hue -- 5.31) C.1lI! IN.21 
IM!WH 440 0.1lI! :!Nil 
lil1WM lie 0.1lI! lHll3 

- - - - - - - - - - - - - - - - - -



- - - - - - - - - - .. - - - .. - .. -
~pendt.A 

__ OrO" HAS·1'IoC "_R"'owoty~ ... _ ...... "ojod No. _.01 T .... :illS 

TANK TANK 
DEPtH DEPtH lIW'L CORti. DEPtH DEPtH TANK CUM ... FLOW 

WELL" TO TO 1HIC1(,. WATER TO TO lIW'L lIW'L UW'l .. ETEII 
CSG. GAOOE UW'l WATER NESS ELEV. lIW'L WATER lliICIOI!$S ftECOY RECOY. READING 
illY. IWl lED lED .lED tfDt lED lED lED ~ !lW.l !lW.l 

NFfW.II - 118$ 0.110 214M 
301.14 - 1251 0110 2143$ 

!MI12114 1214 0110 214JO 
IMI2GII4 1301 0.110 2I3tS 
CI5I12114 13" 0110 212M 
Cl5l2454 14.n 0110 212.01 - 11.12 0.110 21012 
07101114 1130 0110 217.14 
07113114 22.0$ 0.110 214.1. - 17.11 0110 2IUI 
01117114 11.17 0110 2117T - lUI 0.110 2IUI - 11.74 0.110 210.20 
0111l1li4 11.10 0110 2IIJ4 
0IIS0II4 11.11 0.110 211.03 
10117114 21.11 0.110 215.7' 
10/2$/14 214. 0110 215.41 
11111114 2455 0.110 21231 
11122114 24.13 0.110 212.11 
12107114 11.4. 0.110 2IH5 
12121114 1127 0.110 217.17 
01_ 11.23 0.110 217.71 
11123115 1123 0.110 211.71 
8211_ 1130 0.110 210M 
02I2MI 14.12 0110 212.12 
0311_ lUI 0.110 21403 
03I2III5 14.07 0.110 212.17 - 14,42 0.110 21252 
04127185 15.51 0.110 211.3$ 
Cl5l11185 t528 0.110 211 lit 
CI5/24I85 11.11 0110 21013 
DelI5185 1141 0110 21053 - 17.12 0110 21112 07_ 11.41 0.110 211.53 
01125115 1125 0110 211 lit 
0lI01185 1117 0110 21707 
01121185 2310 0110 213.14 
0111_ 27.11 0110 27'.13 
0l/2Il85 11.70 0110 21124 l- IStS 0110 211.01 
10125185 14.31 0110 2I2.M 
11121185 12 .. 0110 214.21 
12I0Il85 13.4. 0110 21U5 
12121185 IUS 0.110 21311 
OII23lM 1214 0110 214.30 
02I0IIH lUI 0.110 214.51 
0211_ 1211 0.110 214.03 
03I271N 12.14 0.011 214.110 
!MIllIN 12.01 0.110 214.13 
04124111 IUS 0.110 21411 
CI5I2IIIII IUO 0110 2IU4 
0111_ 13.113 0.00 21331 
GII2GIN 1301 0.00 213.11 
0711_ 13.1. 0.00 213.011 
07l251li 1343 0011 213.51 - 13.13 0.00 21321 - 14.23 0.011 2IUI 
0II12IN 14.74 0011 212.20 
0II2GIH 13." 0.00 213.25 
1- 1230 0.00 214M 
10I24III 12.51 0.00 21431 



~r.di"" 
--0<60. HAl· PIoII'ro;Mt ~"-t 1,'11_ -orint. P'rojo<! MIl, _.M Tm 3113 

TNiK TNoIl( 
tlEFlH OEMlI LIj,lPl CC>!lR. OEPnI OEPlli TNoIl( ClJMM FLOW 

WELL. TO TO ntc"- WATER TO TO I.IW'I. llW'l LIW't IIfT£II 
COO, - I.IWI. WATE~ NESS ElEV .. UW'I. WATE. 1ltClOIE$S MEIXN. I!ECOY. -mY. ~R IfIl ern 1m If:N lED IfD if!) !lIo'.I.l !lIo'.I.l i!.WJ 

NFfW.l. 01MII4 12.11 000 »)1151 oeo C.eo 
:121.« 

_ ... 
13.21 0.00 3011. oeo oeo - 13!!i 000 :!C115 oeo 000 

04IIl71M 1311 000 :!CU1 oeo 000 
€W1;;'i4 1524 000 308:10 COO 000 
04I2M4 1122 oeo :Ki8 22 GOO 000 
1!4I271M " 31 oeo :Ki813 gOO oeo 
1l"...'i:04.'14 1127 000 30817 000 000 
WI~'14 11M 000 :Ili2N @GO 000 
WI_ 11.35 000 :Ili21l1 000 000 
W2~ 105 oeo :IOl.1lI Uill OIl!) 
W211N 2233 OliO 21111 COO 000 
IlMIlIN Z541 OliO 215M eoo 000 -- lU. 31.74 OCl :!It 11 COO 000 -- )223 32:IC 007 :!It 20 COO 000 
IItf.lIIN 33.22 3342 DIG :!It.1I CEIl! 000 
01NJIIN ~U3 3343 010 31.10 C.OO 000 
O7tlllN 21:10 OliO 212.14 0.00 000 - 313 OliO m.31 000 OliO 
!IfI17'i4 2111 000 :l9UI 001l OliO - 2402 000 m42 eoo 0IlI1I - Z517 leo ~.47 0011 oeo 
atI1~ :l9er 0.00 :!tUT 0.00 oeo 
1ltI1M4 21.11 gOO 300." GOO 0.00 
III/171M 33.37 000 28\1er GOO 0.00 
IIII25IN n35 0.00 2M III GOO 000 
11111$4 n.:14 000 2M.10 GOO 000 
11122$4 n." 0.00 2M.13 GOO 000 
12IIl7$4 n.2I n21 000 2M1. 000 GOO 
121211M n.:!t 0.00 28\115 000 GOO 
01_ n21 000 2M.ll 000 GOO 
01l1M15 32.11 0.00 mn 000 0.00 
01l231li5 ,.21 0.00 mn GOO 0.00 
1l2I1M15 ".13 0.00 21411 000 0.00 - 23110 0.00 m.N 000 0.00 
1IlI10115 11111 0.00 :Ili2.n 000 0.00 
0lI:lIII5 17.11 000 30U7 000 0.00 
04i04II!I lUI 000 :Ili2.13 000 0.00 
D4IV1I$ 2271 000 :!tI.13 000 0.00 
0iII1111$ 2323 0.00 :!tI21 000 0.00 
Oi!I2.cJ115 24.7' 0.00 :!tu. aoo 000 
1iei!5o'H 31. 0.00 m.:14 000 000 
CIfI:!iII$ 3255 0.00 ... 000 0.00 
07_ 232* 0.00 M.II 000 000 
0712511$ 3241 0.00 M" 000 GOO 
1lMI1JH 332* 0.00 M .. II 000 Gill) 
IItf.llii5 33:!t 0.011 M.Ie 000 o Ill) 
1lIII141i5 C_IIoIGougo 0011 000 000 - 3253 0011 21111 000 000 1- :!e 1$ COO m:!t 000 000 
10I25Ii5 1112 0011 31)%52 !l00 Gill) 
1112111$ lUll 0.00 ... 000 000 
1- lue 0.00 30$.41 OliO GOO 
1:IJ21~ 11.01 0.00 30$.43 000 0.00 
OII23lN 13.14 0.00 3011.30 0.00 0.00 
O~ 13.12 0.00 :IOU! OliO 0.00 
0:111_ lue 000 :!Ili.M 0.00 0.00 
~3/21NS 14.3. COO :107.118 GOO 0.00 
I)I/UNS t2.3lI 000 •. 118 0110 0.00 
I)II2WI 12.33 0.00 :!Ili.1I GOO 0.00 
II5I2M8 15.11 000 3il5.6 GOO 0.00 -- 11.17 000 :103.47 0.00 0.00 
I!&I:!&'N 17.21 000 304.11 GOO 000 
0111_ 17.55 000 303." 000 000 
C7125JN IU. 000 304.6 0.00 000 - 11.47 0.00 303.11 GOO 000 
0I!I3MMI 1811 0.00 :Ili2,51 0.00 000 
1lIII12m rollt 0.00 300.1$ 0.00 000 - 18.j1 0.00 :10333 0.(» 000 
1- 18.1$ 0.00 304M 01») 000 
1- lUI 0.00 :iIli.23 0(» 000 

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



- - - - .. - - - - .. - - - - - .. - - -Ajlpendlx A 

-- - .. NAI-I'IoI_ Roc .. "Y tyst.., -ome -I'rojoc:t 110. _." T .... ,.1) 

TANK TANK 
DEP1lI DEP1lI LNAI'l CORR DEP1lI DEP1lI T_ CUM .. , FLOW WELL., TO TO THIef\. WATEtI TO TO l.IW'I. LfW'1. LJW>L IIfTEII CSG. tW.IGE lIW'I. WATER NESS REV. l.IW'I. WATER lIICIOiESS REeDY. IIECOV. IlEADING fI£Y. /lMI lEO lEO .tfD lEU lEO lEO lEO l!W.l l!W.l «It!.LI NFfW.20 - 2),11 0,00 301.:11 

32>4.5$ -... 22111 000 301.57 
04i12llM 2541 000 ml4 - 2510 000 alliS 
0$/12IlM 27M 000 2M 117 0$/2_ ad 000 mID - )11.14 )11M 000 a311 
07101114 3UI :14M 0,54 aD,1I 
0711_ 35.21 35,31 0,02 m21 0.10 0,10 DeiII5II4 3204 000 21251 0,00 0,10 0lIl7114 3152 000 21303 000 0,10 0tI30II4 21,d 000 mtO 0,00 OJO OIIOIIM 3025 000 28UO 0,00 O,ta l11li11114 3110 000 m,M 0,00 0,10 0lI/3OII4 31.11 000 282M 000 D.10 IDII7114 33,)11 3354 025 211,22 000 0,10 ll1t25114 35.01 3513 0,04 m45 025 0,35 11/11114 :lU7 3577 0,20 281M 000 0,35 11122114 3510 ,. 15 025 281.2 000 0,35 12107114 3100 3121 021 28151 000 0,35 12I2t1l4 3410 :1414 004 211M 0,00 035 01_ 33,. 000 211,24 ',00 035 01123ll!l 3UI 000 21U7 0,00 035 07I1111!1 3UO 000 213d 0,00 035 D7I2III!I 30,01 000 21U7 0.00 035 03/1_ 21.41 000 2M,14 000 0,35 - 27,115 0,00 2M 10 000 035 04104II5 2110 000 m75 0,00 035 04/27115 )11,73 3074, 000 21312 000 035 05/11115 3027 0,00 21421 000 0,35 0$/241!15 3027 0,00 214,21 000 0.35 DIII51!15 31117 000 282 .. 000 1.35 DII2II!I5 32.54 3354 Dill aU7 000 0,35 07_ 33,01 3354 Od auo 000 1.35 071251!15 35,05 35,21 0,24 21.47 000 0.35 _IllS 34,11 3417 all m,72 0,00 0,35 0tI21115 :!SOl 3538 031 211.43 0,00 0.35 0IfI4I!I5 3100 3137 037 211,50 0,00 0,35 0t/2tII!I ",1:1 lUO 0:17 21137 000 0,35 1_ 31,00 31,27 027 211,51 0,00 035 10I25I!I5 21,77 000 m,78 0,00 0,35 11121115 24,37 0,00 )110,11 0,00 0,35 1_ 27,03 0,00 a7,52 0,00 035 1212t1!15 27,31 ',00 217.24 000 035 01l231li 24,72 UO 211," 000 035 02MM 2)25 000 301,30 

0711_ 2101 000 211.47 
OlI21M 25,74 000 211,11 
O4fIIM 24.15 0,00 300,40 
04/201 2),77 000 300,78 
0$/21/1!1 21M 0,00 217," 0lIl_ 21,11 000 2M,3I 
DII28III 2U1 000 2M," 
0711_ 27.78 0,00 2M,71 
17l251li 21,21 000 211,21 
DIIOIM 2737 0,00 217,11 
DII3OIOI 21,31 0,00 2M,II 
00/12/11 21,12 0,00 214," 
0II2tIN 27.57 0,00 2M," 
llIIOI/M 27,03 000 217.52 
10I24III 2403 0,00 300.52 



'-"'"fj,jj.A 
_ 0. ... MAS· !'loot _1I.coy ..... I~ ... _ ...... Project No. :!tHO." Tm 3111 

T_ T_ 
ilEi'll! DEPTH llW'l C(j~~. PE!'lll 1lI:M1l TJH( CUMM FLOW 

WELL'" TO TO me", WArell TO TO UW'I. IJW'!. llW't Mrna 
esa. - llW". WATER HeSS EUN. tIW'l WATEII lHICM!1SS ItElfJl IIEOOV. I\WIlHG ru;y. lim !ffl !En 1fll LEIit IfD IfD !fD ill&.l ill&.l !lI&I 

NffW.21 Il3IJ(IIN 1211 000 :1052$ 
317.311 - 1211 000 :1052!l 

0II12IM IU2 000 3G4N 
0II2!IIM 111M 000 2t1142 
~12IM 22M 000 29140 
O''.I201Ji4 2H!I 000 :/tUI 
IMo'<l3IM :11311 000 28110 
0111J1JM 31147 coo 280" 
01l1Jo'1M 31151 000 mlS 
~ '2.54 0.00 21412 
W17JM '2.1' 000 21451 - ~.IS 000 28721 - :!t27 2UI! 001 211M 
!iIIIltIM ,US 000 29141 - 33.311 000 28Ul 
II3I17JM 3147 COO 2M" 
I~ 3150 GOO 2M III 
I1IHJM 3151 GOO mlS 
1I!22IM 31151 GOO 28<lH 
12IIJ7JM Htl 31t1 COO 28<l1ll 
12Il!IJM 3141 000 210111 
01_ 31t1 COO 210." 
01123115 :11131 000 :mos 
021111/85 :11148 0.1111 :ml' 
02ll!ll/85 lSlI 0.00 :!ttM 
D3II_ 21SS 0.011 mil 
0312111S 21.07 0.00 :!H28 
0IIIl4II5 2207 0.00 m2t 
GU2711S lSU 0011 :111224 
!WillIS 2547 0.00 :1111111 - 2012 0.00 2iI054 
0IIi15J15 2801 0.00 28UI 
0IIi28II!i 3233 0011 28503 
07_ 3303 COlI 21433 
07f.!S111!i )4." aJlIl 283.11 
OIIIJIIIS )47a 000 :!!lUI 
otnlllS :lU5 0.00 28011 
CMIII'IIS :1414' 0.00 280 .. 
0Ii2W5 3848 0.00 2tCt7 1_ 

32." 0.011 214.71 
IIlmiH 2212 0.011 2i4.54 
I1I21I1S 10M 0.011 30012 
1~ 10,28 0.011 28107 
1212111S 1170 0.011 287.11 
OII23lill I ... 0.00 lOU7 - 15311 0.00 3!lUII 
0211_ lUI 0.00 28115 
03127II1II lUI! 0.00 281t1 
01111II1II 1417 000 30248 
GU24IH 15.73 000 3GIU 
IW28IIIII 111.57 000 281.1' 
IJMJIM nil 000 m.1I 
W,ltIH 20.51 000 :!HJ' 
0111_ 2UI 000 2til45 
071251H III.H 000 :!t1.11 - 2il.1O 000 :!HM 
!Jti3IIIIIII U21 000 MI5 
0it1:!IH n.18 0.00 :!toU' 
CMIIl&IH 21.511 000 Mea 1_ 

:!C.M 000 217.31 
1- 11.011 000 :!(II.:!II 

- - - - - - - - .. .. ' .. - - - - - - -



APPENDIX B 

GRAPHS OF GROUND WATER ELEVATION AND PRODUCT THICKNESS FOR 
SELECTED WELLS 
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APPENDIX B 

GRAPHS OF GROUND WATER ELEVATION AND PRODUCT THICKNESS FOR 
SELECTED WELLS 
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- - - - - - -Ground Water Elcv and Product Thickness 
Well NFFW-1 NAS Willow Grove 

326 7 

320---- --I~-I_--II- 6_3 
_ -- -- ------ ----I---t----t---
E 316 ----- -'- 5.5 
c ---- £ ! 310 ==-_. I- 4.' .. 
~ 305 ---- --- ---~- .. --- ----- -- r---:- -- --- 4.2 j 
iii r----- -1- I- u 
.. 300 3.5 ~ 
~ 295 --2J -', .-<, -I ........... >=L...: ....,.. " 2.8 tl 
,. J-' I- '" 
~m ~ ~~ 
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I EA Engineering, Science, and Technology Corpofari! Headquanes 
110 19 McCormtck Road 
Hunt Valley. MD 2 103 1 
Telephone,JI0-58~-7000 

I 

Fax:GiO-771-1625 

12 May 1995 

Mr. Carl Reitenbach 
EA Engineering, Science and Technology, Inc. 
15 Loveton Circle 
Sparks, Maryland 21152 

Re: NAVY-BRAC - Willow Grove (29600.09) 

Dear Mr. Reitenbach: 

Enclosed is our report on the analysis of three water samples collected for the NAVY-BRAC - 
Willow Grove project on 27 April 1995. The invoice is included. 

Please contact me if you have any questions or require further information and refer to report 
950541. Unless other arrangements are made, we reserve the right to dispose of your samples 
sixty (60) days from the date of this letter. We will retain the raw data for seven years from 
this date. 

Laboratory Project Manager. 

enclosure 

EA Engineering. Science, and Technology 

Mr. Carl Reitenbach 
EA Engineering, Science and Technology, Inc. 
15 Loveton Circle 
Sparks, Maryland 21152 

Re: NAVY-BRAe - Willow Grove (29600.09) 

Dear Mr. Reitenbach: 

12 May 1995 

Enclosed is our report on the analysis of three water samples collected for the NAVY -BRAC -
Willow Grove project on 27 Apri11995. The invoice is included. 

Please contact me if you have any questions or require further information and refer to report 
950541. Unless other arrangements are made, we reserve the right to dispose of your samples 
sixty (60) days from the date of this letter. We will retain the raw data for seven years from 
this date. 

Sincerely, Ii" __ 
~fV/~ 

• M~-; A4er' 

Laboratory Project Manager 

enclosure 



LABORATORY DATA REPORT 

Prepared for: 

NAVY-BRAC - Willow Grove 

Prepared by: 

EA Laboratories 
19 Loveton Circle 

Sparks, Maryland 21152 

May 1995 
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EA Laboratories 
ANALYTICAL NmTIVE 

Client: NAVY-BRAC Laboratory Project Manager: hlary E. Asper 
Site: Willow Grove EA Laboratories Report:950541 
Project number: 29600.09 ’ Date: 12 May 1995 

This report contains the results of the analysis of three water samples collected on 27 April 1995 
in support of the referenced project. 

SAMPLE RECEIPT 

The samples arrived by Federal Express at EA Laboratories on 28 April 1995. Upon receipt, the 
samples were inspected and compared with the chain-of-custody record. The samples were then 
logged into the laboratory computer system with assigned laboratory accession numbers and 
released for analysis. 

Sale Design&ion 
BEFORE 
BETWEEN 
AFTER 

b Numb 
9505690 
950569 1 
9505692 

Following this narrative section are a glossary of data qualifiers used in this report ( Table 1) and 
the original chain-of-custody record. Analytical results and quality control information are 
summarized in the appended data package which has been formatted to be consistent with the 
deliverable requirements of this project. 

QUALITY CONTROL 

The following sections are ordered as the data appears in this report. They contain observations 
made during sample analysis, summarize the results of quality control measurements, and address 
the impact on data usability based upon project Data Quality Objectives. For each fractional 
analysis the narrative includes: 

l Sample chronology: This section summarizes the sample history by fraction including the 
sample preparation method and date, analytical method, and analysis date. Anything unusual 
about the samples, digestates, or extracts is identified. Holding time compliance is evaluated 
in this section. 
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EA Laboratories 
ANAL YTICAL NARRATIVE 

Client: NA VY-BRAC 
Site: Willow Grove 
Project number: 29600.09 

Laboratory Project Manager: Mary E. Asper 
EA Laboratories Report:950541 
Date: 12 May 1995 

This report contains the results of the analysis of three water samples collected on 27 April 1995 
in support of the referenced project. 

SAMPLE RECEIPT 

The samples arrived by Federal Express at EA Laboratories on 28 April 1995. Upon receipt. the 
samples were inspected and compared with the chain-of-custody record. The samples were then 
logged into the laboratory computer system with assigned laboratory accession numbers and 
released for analysis. 

Client Sample Designation 
BEFORE 
BETWEEN 
AFTER 

EA Lab Number 
9505690 
9505691 
9505692 

Following this narrative section are a glo~sary of data qualifiers used in this report ( Table 1) and 
the original chain-of-custody record. Analytical results and quality control information are 
summarized in the appended data package which has been formatted to be consistent with the 
deliverable requirements of this project. 

QUALITY CONTROL 

The following sections are ordered as the data appears in this report. They contain observations 
made during sample analysis, summarize the results of quality control measurements, and address 
the impact on data usability based upon project Data Quality Objectives. For each fractional 
analysis the narrative includes: 

• Sample chronology: This section summarizes the sample history by fraction including the 
sample preparation method and date, analytical method, and analysis date. Anything unusual 
about the samples, digestates, or extracts is identified. Holding time compliance is evaluated 
in this section. 



Client: NA VY-BR4.C 
Site: ,,,mow Grove 
Project number: 29600.09 

EA Laboratories 
ANAL YTICAL NARRATIVE 

Laboratory Project rv1anager: Mary E. Asper 
EA Laboratories Report:950541 
Date: 12 May 1995 

• Laboratory method performance: All quality control criteria for method performance must be 
met for all target analytes for data to be reported. These criteria generally apply to instrument 
tune, calibration, method blanks, and Laboratory Control Samples (LCS). In some instances 
where method criteria fail, useable data can be obtained and are reported with client approvaL 
The narrative win then include a thorough discussion of the impact on data quality. 

• Sample performance: Quality control field samples are analyzed to determine any 
measurement bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix 
spike duplicates (MSD), and laboratory duplicates (D). If acceptance criteria are not met, 
matrix interferences are confirmed either by reanalysis or by inspection of the LCS results to 
verify that laboratory method performance is in controL Data are reported with appropriate 
qualifiers or discussion. 

AROMATIC VOLATILES BY GC - WATER (EA9505690 - EA9505692) 

Sample Chronology: Three samples were analyzed on 10 May 1995 for benzene, toluene. 
ethylbenzene, xylenes and naphthalene by USEPA SW-846. Methods 5030/8020. AU specified 
holding times were met. 

Laboratory Method Performance: AU laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: AU quality control criteria were met for the reported samples. 

VOLATILE TOTAL PETROLEUM: HYDROCARBONS (VTPH) - \VATER 
(EA9505690 - EA9505692) 

Sample Chronology: Three samples were analyzed on 9 May 1995 for JP-4 fuel by USEP A S\V-
846, Methods 5030/8015-modified. An specified holding times were met. 

Sample BEFORE required a 2X dilution in order to achieve concentrations of target analytes 
\vithin linear calibration range. 
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. 
EA Laboratories 

ANALYTICAL NARRATIVE 

Client: NAVY-BRAC Laboratory Project Manager: Mary E. Asper 
Site: Willow Grove EA Laboratories Report:950541 
Project number: 29600.09 . Date: 12 May 1995 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: All quality control ‘criteria were met for the reported samples. 

CERTIFICATION OF RESULTS 

The Laboratory certifies that this report meets the project requirements for analytical data as stated 
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory 
certifies that the data as reported meet the Data Quality Objectives for precision, accuracy, and 
completeness specified for this project or as stated in EA Laboratories Quality Assurance program 
for other than the conditions detailed above. Release of the data contained in this report has been 
authorized by the appropriate Laboratory Manager as verified by the following signature. 

12 May 1995 
Walter E. Miller, Organ& Division Manager 
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Client: NAVY-BRAe 
Site: \Villow Grove 
Project number: 29600.09 

EA Laboratories 
ANALYTICAL NARRATIVE 

Laboratory Project Manager: Mary E. Asper 
EA Laboratories Report:950541 
Date: 12 May 1995 

Laboratory Method Perfonnance: All laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: All quality control criteria were met for the reported samples. 

CERTIFICATION OF RESULTS 

The Laboratory certifies that this report meets the project requirements for analytical data as stated 
in the Analytical Task Order (A TO) and the chain-of-custody. In addition, the Laboratory 
certifies that the data as reported meet the Data Quality Objectives for precision, accuracy, and 
completeness specified for this project or as stated in EA Laboratories Quality Assurance program 
for other than the conditions detailed above. Release of the data contained in this report has been 
authorized by the appropriate Laboratory Manager as verified by the following signature. 

--'-~..c.....l.)-,-2.looOoo~~· ::..=~,,"---,--/1~OJL ___ - __ 12 May 1995 
Walter E. Miller, Organics Division Manager 
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TABU: 1. ORGANIC A:-tALYSIS DATA QUALIFIERS 

NO or tJ Indicates a compound 011 the target compound list (Tell was analyzed for but not detected. The sample quamic.:uion limit must be 
corrccled for dHudon and. if a soil sample. for percem moisnm:. For example. LO V i~ used for phenol in water if the sample final 
volume is th~ prmoco!·s~citled final volume. If a I-(()·l() dilution of me extract was necessary. the reported limtt is (10.\ 10 UJ or 
100 U. For a soil sample. the value is also adjusted for percent m(lisrure. For eumple. If the sample had 24% moisrure and a 1-[0-10 
dilution faclOr. ihe soli sample quamlta!ion limit for phenol 030 Vi wOllld b.: cOlTccted as (oilows: 

Reported limit "" (.330 Ul x df I D 

where: III "" dilution faclOr '" 10 
D '" 1.l00 • % moisrure)! 100 (At 24% mOlsrure. D = (100·24)1 100 "" 0.761 

Reported limit ... (330 tIl )l; HI! 0.76 "'" 4300 U (rounded 10 two significant tigures) 

For soH samples subjected !CI gel permeation chromalogrnphy (Cipe) cleanup procedures. the comract reqlllrcd quami!:uion limit 
(CRQLI is also multiplied by 1. to accoum for the fact that only half of the eXlract IS recovered. NOIe: If ope procedures nre 
employed. thl: factor of 2 is not induded in me dilution factor reponed; a "Y" is entered for GPC ('ON). 

TR or J Indic:lres an esum:ued value. This flag is used under the following circumstances; !) when estimating a com:emration for lemalivdy 
identified compounds where a 1: I response is assumed. 2) when me mass spectral and retention time data indicatl! me presence of a 
compound that meets thc volatile and semivolatilc CiC/MS idemification critcria. and the result is Ins ihan ihe CRQL but greater than 
zero. 3) when me retcntion lime data indicate me presence of a compound that meets the pesticidel Aroclor idemification crileria and 
me result is II!~s than the CRQL but greater man zero. NOlI:: the '1" code is not Ilsed and me compound is not reported u being 
identified for p!sricideJArodof result~ less than the CRQL. if the IeChnica! judgement of the pesticide r.:siduc analysis expert determines 
ihat tho: p.:aks used for compound idcmificalion rcsllited from instrument noise or omer interferences (column bleed. solvent 
ContamJmlloll. ~[c:.l. For cumple. if the sample quantitation limi! is 10 !Jg/L but a concentration of J ug/L is calculated. report it as 
3 J. The sample quanritluionlimit milS! be adjusted for dilution as discussed for me U flag 

C This flag applies 10 pesticide results where [he identificalion has been confirmed by GC/MS. Single companelll pesticides with 
conccmration equal 10 or greater i.h:!n 10 ng/uL in me: final extracl must be conlinned by GC/MS. 

B This flag is used when the analy!!: is found in the associllted blank as well as ill me sample. IE indicates possible/probable blank 
comaminauon aM warns the dati. user 10 tl.ke appropriate action. This flag is used for a TIC as well as for a positively identified TCL 
compound. 

E This flag identifies CCl11p()II00S whose concemrations uceed me calibration range of the CiC/MS instrument for ma! specific analysis. 
This ilag does not apply 10 pesticides/PCBs analyzed by GCfEC methods. If onc or more compounds have a response greater that 
full scale. the sample or extract must be diluled and tcanalyzed according 10 the specifications listed in the SOW. AU such compounds 
with a response greater than full scale should have a concentration flagged with an "E" on Form I for the original IIInlilysis. If the 
diImioll of the c;mac:t caUSl:S any compounds identified in the lim analysis to be below the calibralion range in me second anlll~'$is. 
then the reslI!ts of both analyses are n:poned on separnlc Forms!. The Form I for me diluled sample wi!! have the "DL' suffix 
appended !O the sample number. NOTE: For lotal xylenes. where mree isomers are quantified as two peaks. the calibration range of 
each peak is considered separalely: I!.g .. a diluted analysis is nOI required fOf total xylenes unless the conccmra!ioll of either peak 
separately exceeds 200 ug/L. 

D This flag identifies llii compounds identified in the analysis at a secondary dilution fac!CJf. If OJ. sample or c:xtr.u::t is reanalyzed lit a 
higher dilution £aclOr. as in the °Eo flag above. the "OL' suffix is appended 10 me sample !lumber on the Form I for the dili.llcd 
$:ampie. ami ;ali concentration values reponed on thaI Form I are flagged wim the "D" flag. 

A Thi$ flag indicates t.l-tat a TIC is a suspected aldol.;:ondensation product. 

X Other specifte flags may be required 10 properly define me results. If used. they are fully described and such descriplion .m.ached to 

the Sample Da!ll. Summary Package and the: Case Narrative. The flags begin by using ·X·. If more that one flag is n:quired. "Y" 
and oZ' are used. as needed. For ins!lI.ncc:. the "X" flag might c:ombmc: the "A". "B". and "D" flags for some sample. 

N Indicates presumpllve evidence of a compound. This flag is only llsed for tenllttively identified compounds. where the identification 
is b<lsed on a mass spectral library search. It is applied 10 all TIC n:5ulu. For generic characterization of a TIC. such I!$ chlorinaled 
hydrocaroon. the N codt: is nO! used. 

P 1111S flag is usru for GC analyses when there is greater thall 2S % difference for detected concemra[tOM between !.he !wo GC columns. 
The lower of the tw() values is n:poned Oil Form I and flagged wim a 'p'. 
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t;ornp;~Hiy I~J, ' PrOl!!C! MJI1:l\jf'f or (;QntJ(:L Paramr,!ersfMerlwd Numb!:lslor Anai)'s[$· Chain of Custody Record -'\J ,"1 
.' "7 Lll/h. I':'h. f~i)4'- JI I . ' . ..,(1 V {'It'ifc 10 llill EA """""" 

• .f .. ~ I .. ~ ...... - . ....., Phone: 1"11-1//11) 
~ .~ 

HI lovelon Circle 
Project No. 

.r~J)L 
Prolect Name: Srrks. MD 21152 

rJ9f;;OO .. (;5 
leu; /10 IJ(J:,,'1.(I(,'-e. AJ I),..). 

I~ J ~ 10) 771-4920 

~fOJ.5 1::'U-c.l..- FA./lPl ~ 
ax -(410) 77H407 

S,'Imple S!or~ge Location: ATO Number: :~ ReportfOeliverables: J) 
~ 

~ ~f1p.d IE QJ:iL S(~ S;)<Yr \f i ~ 
\~ 

Page / oi / I Job ID: 96654 { ~ I~ D~ DIJ~/'1o ., 
'i "'1 .5 

.J! 

~ 
it 

~ '" <:> EA labs Gi 
(.) 

~ E = Sample Identification ;:; \., AccessIon 
Dale Tim~ ~ 

0 19 Characters d 
~ \~ Humber Remarks ifJ :2: 

1'I/1i5{ I};O ~ ~~AOI~SI 1'1 I I I I I II I if "Is'" ~ 'fI56E1oiO lPM: Y'fIr"...A--
I/J7}M '/1);7 >r ~'~ml~~~ II I I I I I I II I Y ~ 

.;,~ ftS65"1 , AJ (J)2}tlJ)-L .rj UF.N,lrLc,t:.i/ 

r!JJ17/ j'1 1,0 )I( 1~1~8~1 I I I 1'1 I I I I I I l( y X fl5D~c[J-, .. , -, 
I I I I I I I I I I I I I I I II I 3Jn,-JOhAO ,5.4 14>/biJ 
I I I I I I I I I I I I I I II I I 
,I I I I I II I I I I I I I I i I 

I I I I I I I I I I I I I I 1'1 I L ,{/J90':1 
I I I I I I , I I I , , , , , I I I 

I I" I 1'1 I I I I I I I II I 
I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I 
I 1'1 I I I I I I I I , I I I I I 

I I I I I I I I I I I I I I II I I 
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I I I I I II 1'1 I I I II I I I 
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I I I I I I I I , I I I I I I I I I 

I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I 

ir1ed b;,/t~ign\~ ~it~me ~qUiSh:t~~ ~~ime RmiVt!11 igna~ 
~bz 

DatclTime 
r: ~~'! ... 

~~ >')j jt! "I.rt.. u .~ 17!c ~. :../Y ~5 i/Ct?l ~ L. ( .. / U - A... 

Relinquishc:l (Signature) DatelTime Received by':"' (Signature) Daleffime Airbill Number: Sample Shipped by' (Circle) 

I , ~ Pum. UPS • J:J<. 

Cooler Temp: ~C pH:D Yes 0..No Comments; V 011:5 Custody Seals Inlacl TI Yes ~ No v'lO(I.ll- H:lOd C,mied 

NOTE: Pic;]"" indicate melhod number lor ana~/ses requested. This win help clarify airy Questions with laboralorf lechniQues. Olher: 
• WllITE· EA L:;botalOlies - -- YEllOW· Ell labola!Ol!fS - -- PINK· Prtlli:cl Manao·r - - -- Shaded Areas lor Lab Use Only - - - --- - --
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a . 
. 

1A EPA SAMPLE NQ. 

I 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET' 

BEFORE 
b Name: EA LABS Contract:29600.09 - 

b Code: EAENG Case No: SAS No: SDG No: 

% 

trix: (soil/water)WiTER 

ample wt/vol: 5.0 -(g/mL) ML 

1 
vel: (low/med) LOW 

% Moisture: not dec. 

# 
Column:RTX502.2 ID:0.53 (mm) * 

Soil Extract Volume: (UL) 

Lab Sample ID: 9505690 

Lab File IDi VG?BS95F 

Date Received: 04/28/95 

Date Analyzed: 05/10/95 

Dilution Factor: 1 

Soil Aliquot Volume: fuL) 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(w/L or w/W v/L Q 

71-43 -2 ----------BENZENE 420 
108-8 8-3 --------TOLUENE 15 
100-4 l-4 ---------ETHYLBENZENE 400 
108-3 8-3/106-42-3META & PARA XYLENES 420 
95-47 -6 ----------ORTHO XYLENE 20 
91-20 -3 ----------NAPHTHALENE 260 

FORM I VOA 3/90 

I 
1A EPA SAMPLE 

I VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BEFORE 

I: Name: EA LABS Contract: 29600. 09 

Code: EAENG Case No: SAS No: SDG No: 

I triX: (soil/water}WATER Lab Sample ID: 9505690 

ample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B895F 

Itvel: (low/med) 

% Moisture: not dec. 

tt Column:RTX502.2 

Soil Extract Volume: 

LOW Date Received: 04/28/95 

Date Analyzed: 05/10/95 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ID:0.53 (rom) 

(uL) 

Dilution Factor: 1 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q 

71-43-2----------BENzENE ____________________ _ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE:~N~Z~E~N~E~---------------
108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ______________ __ 

FORM I VOA 

420 
15 

400 
420 

20 
260 

3/90 

NO. 

(uL) 



---------JzJ 

---------T 

100~41-4 ---------ETHYLBENZENE 
-~~-~~~~~-4~-~~~ 

. ..6.-...-------~R 
.---..-----NA 

lA EPA SAMPLE 
VOL}.TILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BETWEEN 
Lab Name: EA LABS Contract:29600.09 

~..Jab Code: EAENG Case No: SAS No: SDG No: 

:'tatrix: (soil/water) WATER Lab sample ID: 9505691 

Jample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7BB91F 

::"'evel: (low/med) LOW Date Received: 04/28/95 

1.:; Moisture: not dec. Date Analyzed: 05/10/95 

:;C Column:RTX502.2 ID:O.53 (mm) Dilution Factor: 

30i1 Extract Volume: (uL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ugjL or ugjKg) 

71-43-2----------BENZENE ____________________ __ 
10B-8B-3---------TOLUENE 
100-41-4---------ETHYLBE~N:Z~E~N~E~--------------

108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE, ______________ __ 
9l-20-3----------NAPHTHALENE ________________ _ 

ug/L 

B.4 
1.0 U 
1.0 U 
1.0 U 
1.0 U 
5.0 U 

1 

Q 

FORN I VOl<. 3/90 

:NO. 

CUL) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER 
T 

% 

b Name: EA LABS Contract:29600.09 - 

b Code: EAENG Case No: SAS No: SDG No: 

trix: (soil/water)W&TER Lab Sample ID: 9505692 

mple wt/vol: 5.0 -(g/mL) ML Lab File ID: VG7B890F 

P 
vel: (low/mea) LOW Date Received: 04/28/95 

% Moisture: not dec. Date Analyzed: 05/10/95 

c 
Column:RTX502.2 ID:0.53 (mm) Dilution Factor: 1 

Soil Extract Volume: (UL) Soil Aliquot Volume: 

I CONCENTRATION UNITS 
CAS NO. COMPOUND W/L or w/W w/L Q 

I 71-43-2 ----------BENZENE 1.0 u 
108-88-3 ---------TOLUENE 1.0 u 

I 

100-41-4 ---------ETHYLBENZENE 1.0 u 
108-38-3/106-42-3META & PARA XYLENES 1.0 u 
95-47-6 ----------ORTHO XYLENE 1.0 u 
91-20-3 ----------NAPHTHALENE 5.0 u 

I 

I 

FORM I VOA 3/90 

(W 

I 
lA EPA SAMPLE 

I VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER 

r: Name: EA LABS Contract:29600.09 

Code: EAENG Case No: SAS No: SDG No: 

I triX: (soil/water)WATER Lab Sample ID: 9505692 

mple wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B890F 

Itvel: (low/med) LOW Date Received: 04/28/95 

Date Analyzed: 05/10/95 % Moisture: not dec. 

It Column:RTX502.2 

Soil Extract Volume: 

ID:0.53 (rom) . 

(uL) 

Dilution Factor: 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q 

71-43-2----------BENzENE: ____________________ __ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE~N=Z~E~N~E-----------------

108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XyLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FORM I VOA 

1. 0 U 
1.0 U 
1. 0 U 
1.0 U 
1.0 U 
5.0 U 

3/90 

NO. 

(uL) 



. ! 

1 

I 

I 

71-43-2 ----------BEWZENE 

lA EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

VBLKl 
~ab Name: EA LABS Contract: 29600. 09 

:'ab Code: EAENG Case No: SAS No: SDG No: 

:-1atrix: (soil/water) WATER Lab Sample ID: VG7B888 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B888F 

:sevel: (low/med) LOW Date Received: 1 1 
%: r.1oisture: not dec. Date Analyzed: 05/10/95 

::;C Column:RTXS02.2 ID:O.S3 (rom) Dilution Factor: 

30il Extract Volume: (uL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ug/L or ug/Kg) 

71-43-2----------BENZENE 
l08-88-3---------TOLUENE---------------------
lOO-41-4---------ETHYLBENZENE 
108-38-3/106-42-3META & PARA ~X~Y~L~E~N~E~S---------

9S-47-6----------0RTHO XYLENE 
91-20-3----------NAPHTHALENE .--------

ug/L 

1.0 U 
1.0 U 
1.0 U 
1.0 U 
1.0 U 
S.O U 

1 

Q 

FORM I V 0]" 3/90 

(uL) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



B. TPH-Gas Data 

I .. 

I 
I 
I 
I 
I 

B. TPH-Gas Data 
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AS MO. 

---we------ 

I 
lA 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 
EPA SAMPLE NO. I 

Lab Name: EA LABS 

Lab Code: EAENG Case No: 

Hatrix: (soil/water)WATER 

sample wt/vol: 5.0 (g/mL) 

Level: (low/med) LOW 

% Moisture: not dec. 

BEFORE 
Contract: 29600. 09 

SAS No: 

ML 

SDG No: 

Lab Sample ID: 9505690 

Lab File ID: VD4D400 

Date Received: 04/28/95 

Date Analyzed: 05/09/95 

GC Column:RTXl ID:O.53 (nun) 

(uL) 

Dilution Factor: 2 

soil Extract Volume: 

CAS NO. COMPOUND 

soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

-----------------TPH ________________________ _ 8900 

F'ORH I VOA 

Q 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



In 
. 

b Name: EA LABS 

VOLA'rILE 

II b Code: EAENG Case 

A trix: (soil/water)WATER 

c. 1 mple wt/vol: 5.0 

Level : (low/med) LOW 

1A 
COMPOUNDS ORGANICS ANALYSIS SHEET 

Contract:29600.09 

EPA SAMPLE NO. 

BETWEEN 

No: SAS No: SDG No: 

Lab Sample ID: 9505691 

W'mU ML Lab File ID: VD4D403 

Date Received: 04/28/95 

. 
9 

Moisture: not dec. Date Analyzed: 05/09/95 

SC Column:RTXl ID:0,53 (mm) Dilution Factor: 1 

Extract Volume: (UL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (w/L or w/Kg) w/L 

I 100 Iu 

(UL) 

lA EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BETWEEN 
Name: EA LABS Contract:29600.09 

1Mb Code: EAENG Case No: 

Jltrix: (soil/water)WATER 

lmPle wt./vol: 

Level: (low/med) 

IMoisture: not dec. 

5.0 (g/mL) ML 

LOW 

SAS No: SDG No: 

Lab Sample ID: 9505691 

Lab File ID: VD4D403 

Date Received: 04/28/95 

Date Analyzed: 05/09/95 

GC Column:RTXl ID:0.53 (mm) 

CuLl 

Dilution Factor: 1 

4Iil Extract Volume: 

I CAS NO. COMPOUND 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

I 
I 

-----------------TPH ________________________ __ 100 

I 
I 
I 
I 
I 
I 
I 
I 
I 

FOEH I VOl'. 

Q 

3/90 

(uL) 



Lab Name: EA LA COIl%D3C%:29 

Lab Code: EAEN SAS Ns: SD 

lA EPA SAMPLE 

VOLATILE 

Lab Name: EA LABS 

Lab Code: EAENG Case 

Hatrix: (soil/water) WATER 

Sample wt/vol: 

Level: (low/med) 

5.0 

LOW 

% Moisture: not dec.· 

COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER 
Contract:29600.09 

No: SAS No: 

(g/mL) ML 

SDG No: 

Lab Sample ID: 9505692 

Lab File ID: VD4D402 

Date Received: 04/28/95 

Date Analyzed: 05/09/95 

GC Column:RTXl ID:0.53 (mIn) 

(uL) 

Dilution Factor: 1 

soil Extract Volume: 

CAS NO. COMPOUND 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ugjL 

-----------------TPH ________________________ __ 100 

F'ORH I VOl, 

Q 

NO. 

I 
I 
I 
I 
I 
I 

CuLl I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 



1 . *- 

I 1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

'. 

I 
VBLKl 

ab Name: EA LABS Contract:29600.09 . - 

ab Code: EAENG 

A 

Case No: SAS No: SDG No: 

atrix: (soil/water)WATER - Lab Sample ID: VD4D399 

I 
ample w%/vol: 5.0 (g/mL) ML Lab File ID: VD4D399 

Level: (low/med) LOW Date Received: / / 

I 
Moisture: not dec. Date Analyzed: 05/09/95 

GC Column:RTXl ID:0.53 (mm) Dilution Factor: 1 

G il Extract Volume: (UL) Soil Aliquot Volume: (W 

f 

CONCENTRATION UNITS 
CAS NO. COMPOUND (w/L 01: ug/W w/L Q 

I 1 

-----------------TpH 100 u 

! 

I 
I 
lab 

lA EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

VBLK1. 
Name: EA LABS Contract:29600.09 

lab Code: EAENG Case No: 

atrix: (soil/water)WATER 

SAS No: SDG No: 

Lab Sample ID: VD4D399 

lamPle wt/vol: 5.0 (g/mL) ML Lab File ID: VD4D399 

Level: (low/med) LOW Date Received: / / 

I Moisture: not dec. Date Analyzed: 05/09/95 

GC Column:RTXl ID:0.53 (nun) Dilution Factor: 1. 

Jil Extract Volume: (uL) Soil Aliquot Volume: (uL) 

CONCENTRATION UNITS 

I CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q 

Iu 
I 

-----------------TPH 1.00 

I 
I 
I 
I 
I 
I 
I 
I 
I F0R11 I VOA 3/90 

I 



/ 

EA laboratories 19 Loveton Circle 
Sparks, MD 21152 
Telephone: 410·771·4320 
Fax: 410·771-4407 

I 
I 

---------------------1 

, 1.' I 

Mr. Carl Reitenbach 
EA Engineering, Science and Technology. Inc. 
15 Loveton Circle 
Sparks, MD 21152 

Re: Willowgrove N.A.S. - Fuel Farm (29600.09) 

Dear Mr. Reitenbach: 

23 May 1995 

Enclosed is our report on the analysis of three water samples collected for the WiHowgrove N.A.S. 
- Fuel Fann project on 11 !I/[ay 1995. The invoice is included. 

Please contact me if you have any questions or require further information and refer to report 
950637. Unless other arrangements are made, we reserve the right to dispose of your samples sixty 
(60) days from the date oftms letter. We \\<ill retain the raw data for seven years from this date. 

0Yi~~~ 
Mary E. AsUer 
Laboratory Project Manager 

enclosure 
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Td 
2 
l-4 
rl I 

I 
z! 

I I - - - - -
Carl G Reitenbac!l, JR 
Petroleum Envircn'oental Services - New York 
3 Washington Cen~~r 
Newburgh, NY 125:0 

-

Project" 29600.09 NAV-BRAC-FUEL FARK AIR SPARGING PIL 
Quotation" : 

Catalog" Descriplion 

COSt 
COB 

TPII. a!: Gasoline by GC 
BTEX a",1 Naphthalene by GC 

EAII: 9507266-9507268 

- -

Dept": 5120 
Client PON: 

- - -
Final Invoice 

Task": 3613 Report,,: 950637 

STD 
Price ---_ .... -... _-

$125.15 
$125.15 

Quick Turn-Around Premium: 

Electronic Data Deliverable Premium: 

Contract Discount: 

Volume Discount: 

- -

QkTnAr 
QTY Premlt) 

3 
3 

It) 

.00 

.00 

.00 

.00 

Cont 
Disclt) 

32.50 
32.50 

1$) 

$0.00 

$0.00 

$0.00 

$0.00 

- - - -
Invoice" : L1013 
Invoice Date: 24-MAY-95 

FED. IDft: 52-099-1911 
Please Remit to: 
EA Engineering. Science, 

and Technology. Inc. 
PO Box 15031 
Baltimore. ~ryland 21215 

Volume Adj Total 
Disclt) Price 

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

$509.28 

$509.28 

$509.28 

$509.28 

$84.88 
$84.88 

Subtotal 

Total Payment Due 

Price 
.. --_ ....... ----

$254.64 
$254.64 

-------_ ... _-

$509.29 

$509.28 



I 
I 
I 

LABORATORY DATA REPORT 
I 
I 
I 

Prepared for: I 
WiHowgrove N.A.S. - Fuel Fann I 

I 
I 
I 

Prepared by: I 
EA Laboratories 

I 19 Loveton Circle 
Sparks, Maryland 21152 

I 
I 

May 1995 I 
I 
I 
I 
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l.NA TIVE 1. NARRATIVE 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng., Sci. and Tech., Inc. 
Site: Willowgrove N.A.S. - Fuel Farm 
Project number: 29600.09 

EA Laboratories Report: 950637 
Laboratory Project Manager: Mary E. Asper 
Report Date: 23 May 1995 

This report contains the results of the analysis of three water samples collected on 11 May 1995 in 
support of the referenced project. 

SAMPLE RECEIPT 

The samples arrived by hand at EA Laboratories on 12 May 1995. Upon receipt, the samples were 
inspected and compared with the chain-of-custody record. The samples were then logged into the 
laboratory computer system with assigned laboratory accession numbers and released for analysis. 

. Clren_t SamDIe Designation 
BEFORE 
BETWEEN 
AFTER 

J?A Lab Number 
9507266 
9507267 
9507268 

Following this narrative section are a glossary of data qualifiers used in this report (Table 1) and the 
original chain-of-custody. PLnalytical results and quality control information are summarized in the 
appended data package which has been formatted to be consistent with the deliverable requirements 
of this project. 

QUALITY CONTROL 

The following sections are ordered as the data appears in this report. They contain observations 
made during sample analysis, summarize the results of quality control measurements, and address the 
impact on data usability based upon project Data Quality Objectives. For each fractional analysis the 
narrative includes: 

l Sample chronology: This section su mmarizes the sample history. by fraction including the sample 
preparation method and date, analytical method, and analysis date. Anything unusual about the 
samples, digestates, or extracts is identified. Holding time compliance is evaluated in this section. 

l Laboratory method performance: All quality control criteria for method performance must be 
met for all target analytes for data to be reported. These criteria generally apply to instrument 
tune, calibration, method blanks, and Laboratory Control Samples (LCS). In some instances 
where method criteria fail, useable data can be obtained and are reported with client approval. 
The narrative will then include a thorough discussion of the impact on data quality. 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng., Sci. and Tech., Inc. 
Site: \Villowgrove N.A.S. - Fuel Farm 
Project number: 29600.09 . 

EA Laboratories Report: 950637 
Laboratory Project Manager: Mary E. Asper 
Report Date: 23 May 1995 

This report contains the results of the analysis of three water samples collected on 11 May 1995 in 
support of the referenced project. 

SAMPLE RECEIPT 

The samples arrived by hand at EA Laboratories on 12 May 1995. Upon receipt, the samples were 
inspected and compared with the chain-of-custody record. The samples were then logged into the 
laboratory computer system with assigned laboratory accession numbers and released for analysis. 

Client Sample Designation 
BEFORE 
BETWEEN 
AFTER 

EA Lab Number 
9507266 
9507267 
9507268 

Following this narrative section are a glossary of data qualifiers used in this report (Table 1) and the 
original chain-or-custody. Analytical results and quality control information are summarized in the 
appended data package which has been formatted to be consistent with the deliverable requirements 
of this project. 

QUALITY CONTROL 

The following sections are ordered as the data appears in this report. They contain observations 
made during sample analysis, summarize the results of quality control measurements, and address the 
impact on data usability based upon project Data Quality Objectives. For each fractional analysis the 
narrative includes: 

• Sample chronology: This section summarizes the sample history by fraction including the sample 
preparation method and date, analytical method, and analysis date. Anything unusual about the 
samples, digestates, or extracts is identified. Holding time compliance is evaluated in this section. 

• Laboratory method performance: All quality control criteria for method performance must be 
met for all target analytes for data to be reported. These criteria generally apply to instrument 
tune, calibration, method blanks, and Laboratory Control Samples (LCS). In some instances 
where method criteria fail, useable data can be obtained and are reported with client approval. 
The narrative will then include a thorough discussion of the impact on data quality. 

I . · Sample pericmnancc· Quality control field samples arc analyzed to determine any measurement 

I 



EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng., Sci. and Tech., Inc. 
Site: \ViUowgrove N.A.S. - Fuel Farm 
Project number: 29600.09 

EA Laboratories Report: 950637 
Laboratory Project Manager: Mary E. Asper 
Report Date: 23 May 1995 

bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates 
(tvfSD), and laboratory duplicates (D). Ifacceptance criteria are not met, matrix interferences are 
confirmed either by reanalysis or by inspection of the LCS results to verifY that laboratory method 
perfonnance is in control. Data are reported vtith appropriate qualifiers or discussion. 

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VTPH) - 'VATER 
(EA9507266 - EA9507268) 

Sample Chronology: Three samples were analyzed on 17 May 1995 for JP-4 fuel by USEP A SW-
846, Methods 5030!80l5-modified. All specified holding times were met. 

Sample BEFORE required a 2X dilution in order to achieve concentrations of target analytes 
within linear calibration range. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: AU quality control criteria were met for the reported samples. 

AROMA TIC VOLATILES BY GC - WATER (EA9507266 - EA9507268) 

Sample Chronology: Three samples were analyzed on 17 and 18 May 1995 for benzene, toluene, 
ethylbenzene, h'Ylenes and naphthalene by USEPA SW-846, Methods 5030/8020. All specified 
holding times were met 

Laburatory Method Performance: All laboratory method performance criteria were met fer the 
reported samples. 

Sample Performance: AU quality control criteria were met for the reported samples. 

CERTIFICATION 01;' RESULTS 

The Laboratory certifies that this report meets the project requirements for analy'tical data as stated 
in the Analytical Task Order (ATO) and the chain-or-custody. In addition, the Laboratory certifies 
that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness 
specified for this project or as stated in EA Laboratories (J.uality Assurance program for other tban 
the cunditions ddaikd abu\.!\': 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng., Sci. and Tech., Inc. 
Site: Willowgrove N.A.S. - Fuel Farm 
Project number: 29600.09 

EA Laboratories Report: 950637 
Laboratory Project Manager: Mary E. Asper 
Report Date: 23 May 1995 

Release of the data contained in this report has been authorized by the appropriate Laboratory 
Manager as verified by the following signature. 

&c.*a ’ 23 May 1995 
Walter E. Miller, Organics Division Manager 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng., Sci. and Tech., Inc. 
Site: \VilIowgrove N.A.S. - Fuel Farm 
Project number: 29600.09 . 

EA Laboratories Report: 950637 
Laboratory Project Manager: Mary E. Asper 
Report Date: 23 May 1995 

Release of the data contained in this report has been authorized by the appropriate Laboratory 
Manager as verified by the following signature. 

...l.....<6~)w..::L~·~CZ_·_·~~~ ___ 23 May 1995 
Waiter E. Miller, Organics Division Manager 



TABLE 1. ORGA.:'\1C A. "'AI. YSIS DATA QUALIFIER.'S 

~D Qt' U lrm:m:s a ~ 00 tlr Iq:.t tarp:un:l list (TeL) .... "as analyud for but not detected The SlI.l'1p!': quanIiLWoo !i.-nit must t:.: ~~utioo 
and, if /I. soil sample. for p.:m:nt moisture. Fct' example, 10 U is usccl for pbeool in woller if the sample firI.1.l vo!1.I!TIr: is Ih.: rrot=l~ilied fuW 
\ciw'I'Ie. If a 1 -to-I () dilution oflh: eXlr.l.::t was no::..~. the ~ limit is (lOx 10 ti) or 100 U. For a ooilsarnple. !he value is &'10 adjusted fc~ 
percent moisrurc. For ~xamplc, iflh: sample !wl24~'. moisrure and a. I-to-IO dilution f&.."tC>r. !he soil s:I.IUfIle qtW1l.itatioo limit roc phcoo! (330 U) 
..... oold b.: ~"Ied ;as fol!<)';''S: ' 

R~ limit '" (330 U) x df/ D 

.... here:: C!f~dilutioofaaa: 10 
D ~ (100 -'%moisrure)/lOO (At 24%moisturc. D = (100-24) 1100 = 0.76) 

Reported limit ~ (330 U) x 1O! 0.76 z 4300 U (!'tllU1dcd to two signifiClU11 figures} 

For soil sampl<!!l sub jed«! 10 gel permeation c::hrom.tlograpy (OPC) cleanup pr!.1<:edure!>, the CI:lrlIraJ."t required qtWI1itatioo 1i.'Tli! (CRQL) is ai.<:o 
rrultipIied by :2 to ~ for tho:: fact that only IWf oflh:.~ is recovered. Nok: If OPC ~ an: employed, the fllClOC of2 is not indudcd 
in the dilution fu.."'IOr repxted; a ·Y" is cntcm.l for OPC f{IN), 

TR or J Indical.cs an erun'l.1ted value, Tllis flag is =:l1l!1der the following cin.~: I) .... hen cstima!ing lI. ax~on for I.mtalively idcrltilied 
compounds .... here a 1:1 r::sp:.1!15oC is a.sswncd, 2) .... hen the i'!1lIS3 spectral and I'I!tmtion time data indic:lle!h: ~ ofa ccmpound tha! meets the 
volatile and semivolatile GClMS id.:mificaJ.ion criteria, and the result is 1_ than the CRQL but ~ liwl urn, 3) ~\tw:n the retmtioo time d.'ua 
indicalc the pr=oce of a COOlpOI.U1d that meets the p:sticidel Aroclor identification critma and the n::sult is 1_ tha.n the CRQL but gro::a!cr lhm zero. 
Note: the "J" co&: is not used and the ~ is not reporti:d a.~ being identified roc pesticide! Arocloc results less than the CRQL, if the ~cal 
judgement of Ill<!: pesticide residue analysis expert det.:nnines thai. the peaks wed for compound ido:ntilicatioo ~ from i:nfllrumcnt !lOis.: Of' other 
in!crfcm= (cotumn bleed. solvent COC1l.1mimttioo, ctc.~ For exm!ple, uthe sample quantitatioo limit is 10 ug'l. but a ~on of:l ugIL is 
calculat.:d. n:poc! it as 3 J. The sample quantitatioo limit must be adjus!ed foc di.lutioo :lIS ~ foc the U fiag 

C This flag applies to pesticide r=1ts ~ the identification !w born confl1'!tltd by GClMS. Single ~ pe>tidd.=s with cor~on equ~ 10 
or greater than 10 ngluL in the fuuI extract must b.: IlCIIlfumcrl by GelMS, 

B This !lag is l.m:I .... il:Tl tl~ am.l)w is foord in the associaled blank as weI! as in the sample. It indi~ po&iblelprobable blank ~oo .md warns 
the data user 10 take 1lt"'JlftlPri;ale 1l.1100. This flag is usccl for a TIC as we!! as foc a ~vely idmtified TCL ronlpOWld 

E This !lag ~ ~ y,hooe iXIIlCefIlr.\1ioos cXl:>CCld the calibration range of the GClMS imtrumem for that specific analysis. This flag c:loes not 
apply 1.0 pesticidf:s.'PC& azW)'l..cd by GC'EC me:!hods. If one or mon:: compound1 have a ~ greala" that full scale. the sarnple or extract must 
be diIutt.d and reamJyz.w according to the spe:cifiatiom listed in the SOW. All such oornpounds with a ~ greaIer than full =Ie should Mve a 
~fhw~ v.'iIh an ~E" on Formi for the original analysis. If the dilution of the cxt=t causes any ~ idcnti.fied in the Imt arutI~ 
to be below the calibntioll range in the sc::ood analysis, thm the results ofbolh analyses are reported 00 ~ Forms I. The FOOll I for the diluted 
sample will have the "DL" suffix appended to the sample nlJlllber. NOTE: For IOta! xylcnes, vm.:re thrne isomers are quantified as two ~ the 
calibration r.mge of cacl1 peak is comidcred ~Iy. C.g., a di.lWd m.t\)'sis is ool required for tola\ xytmes unl_ the ~oo of eitheT peak 
separntely e~ 200 Il.g;L 

D 1M fhg ~ all ~ i&:ntilied in !he analysis at at S«l'lI1dary di.lutioo fad«. If Ii sample or extract is reanalyzed at a highc:T dilution fmor, 
as in the "E"l1ag abov'C, !h: HDL" suffix is appended to the sample numIJer 00 the Form I for !he diluted sounple,;mel all ~oo \'IlIw:s reported 
on th..U Form I are fut.gged with the MD" flag. 

A 1his flag indicates !hat a TIC is a ~ aldokooclo::matioo product. 

x O!her specific flllg!ll'MY be required to properly define the I'ClIUIts. Ifusod, they are fu!1y dc:>cribed and 5LICh ~O<l11l:W:h«l to !he Sample Dab 
Sul'llTlUJ'Y !'.u:ka.ge and !he Case Narrative. 1h:: &r;; begin by ILMg "X", Ifmon: that one flag is required. My" and HZ· are wed, as ooedo:d Fill' 
~. Illl.: "x.~' flag mi!# rombi.ne the " A". "B", and ''D" flags for SOO'lC sample. 

N ~ rrcrurrtptive evit:lcnce of a compound. This flag is cnJy w.ed for 1a1l.1ti\'CJy identified compound$, .... here the idcm.ifiCllLtion is based OIl a rM-.s 
~ lil:nzy sea.rt:h. II is applied to all TIC rerults. For generic clw-a.cterization of Ii TIC, wclt lIS chIorirutted h~ the N cOO,: is not w;ed 

P This fhg r:1.I!lOd fi:lf GC analyses .... ncn !hen: is g:uIer thm 25% di!f~ for do:tectcd ~oos bctwem !he tv.'O GC ool~, The lower of the 
MO values is reported 00 Foon 1 and flagged with lI. ·P". 
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2. CHAIN OF CUSTODY 
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2. CHAIN OF CUSTODY 
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C!Clrnp;:my r ~ F'rf.llN:t Ikwag.e r or C()nt~t dl p,lram~!er$;Melliod Numbers IcJr Analysis' Chain of Custody Rocord (' A (1.1.. (2<il1'f:..~.,J'''· IV,1 U . ?JI!.I}e- Phone: I/!l/~ f'9j"D !1 ~~ .~ mEA '-',.'"""" . 
1 9 lovelon Circle 

Project No 
,~,K.. 

Projecl Name: 
/'J ~.J. ~ Srrks. MO 21152 

l:99 Uy'7 ,CY;' 
l.J ill () £,J6/'lJ;,''I.!-t.. .~ I~ ~ 10(-1 771 -4920 

::34:1g ·~u.t!L ~.41ZM 

~ 
ax -110) 771-4407 

I~ 
S;lmpie Slomge Location: ATO Number: 

~ 
ReportlOeliverables: .. ' 

&L 5(;220 ~ ~~ Nt1l-~(: IE c':' 
Page ! CJI I I Job 10: q '5 0 6 3 T !!! ~ 

~ l:a--te ~/' s12&~ r-'" 

I 
.5 
!!l 1, c::: 
0 

(~ 
« EA Labs 

~ 
I U 

-~ 
Sample Idcnmic."Ition '0 Accession iii '0 Oa!c Time 3! 19 Characters 0 

-~ Number Remarks U) z 

~Jghj 
, /1 c,') ( :':-..1_ X' i136'inOI4d! I I 1 I I 1 1 I ILL I f( )r l\ CPi 072.{," LPM: ;J1,&lJ-

{jj'h< (~{j5 x h.d1l~A I I I I I I I I I I I 'I X- X' 95072iD1 
Sh,/9f t1 '1"'1 .... t f-" x: ~,fi~~£i?., I I I I 1 I 1 I I I I I If ;\ K l:f5072.(,8 ;\J{)/2Jt1/J. L. '/ urN ~'.t/ 

I I I I I I I II I I I I I I II I 

JiJI "'l I I I 1.1/ II II ,I'fitt ..r>.AAI2 ~a /l-A4) r' 
, III I I I I 1 I I I 1 I I I I I 

! 11.1 I I II I I I I I I II I I 
I I I I I I I II I I II LIJJI 

I I I I I ILl I I I II I I III 
I I I I I I I I I I I I 1 I I I I I 

I I I I I I I I I I I I I I I I I I 

II I I I III II I I I I I I I I 

I I i I I I I I 1 r I I I I I I I I 

I I t I I It i I lit IJLII I l+nt~ 
I I 1 I I I II I I II I I I I I I 

I I I I I I I II I I I I I I I I I 

I II I I I I I II I I I II I I I 

I I I ! IJIIIIIIIII!! I 

1 I II III I I I I I I II I I I 

I 1 I I I I 11111111111 

Sampl~? h, ys;g~ D:J!~fTime RelinQU~d bY~~!l) rt:. D.1lefTime Rl7:d• by: (Si~;t~e)~ Oa!efTime /J ,! . ~ , 

~4'1/'!tb .#h-t/j.1- 131'1115) ) 7.J....t/ V . /' ~~ '''.A.,...I.~ 
..i1:ql~isr'''J 21 (Zlurel A . ~!Jale~~~ 

Received by: (Signature) DnlefTime Airbill Number Sample Shipped by: (Circle) 

'/ ~~~. - ~ M').....~ .... cJ .... _~i' Ktv~~ "2!9?I~J;J Fed~ rum UPS 
Cooler Temn: ~C pft:D Yes 00 No Comments: /;t"'t-o custody Seals 1"lact Q Yes C81 No}1~ (Itmd Carr~ 
NOTE: PI,';':.c indicJ!e mel!iod nlJmber lor analyses reques!ed. This wi!! help c!Jfily any questions with !aboralor, techniques. IJn~er; - :;" (Jed Areas fo .' -- -YEllOW - EA Laboratories - - --- - -



3. ORGANIC DATA 
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A. TPH GRO Dati A. TPH GRO Data 
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I 
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I 
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I 
II 



1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BEFORE 
b Name: EA LABS Contract:29600.09 

Lab Code: EAENG 

1 

Case No: . SAS No: SDG No: 

atrix: (soil/water)WATER * Lab Sample ID: 9507266 

ample wt/vol: 

2, 

5.0 (g/mL) ML Lab File ID: VD4D460 

vel : (low/mea) LOW Date Received: 05/12/95 

Moisture: not dec. Date Analyzed: 05/17/95 

C Column:RTXl ID:0.53 (mm)' Dilution Factor: 2 

Extract Volume: (-1 Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (w/L or w/Kg) w/L Q 

I 9800 I 

(UL) 

1A EPA SAMPLE NO. 

I 
I 
Jab 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BEFORE 
Name: EA LABS Contract:29600.09 

Lab Code: EAENG Case No: 

lkatriX: (soil/water)WATER 

Itample wt/vol: 

~vel : (low/med) 

5.0 (g/mL) ML 

LOW 

"CMoisture: not dec. 

~ Column:RTX1 ID:0.53 

loil Extract Volume: 

CAS NO. COMPOUND 

(mm) 

(uL) 

SAS No: SDG No: 

Lab Sample ID: 9507266 

Lab File ID: VD4D460 

Date Received: 05/12/95 

Date Analyzed: 05/17/95 

Dilution Factor: 2 

Soil Aliquot Volume: (uL) 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L Q 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-----------------TPH ________________________ __ 9800 

FORM I VOA 3/90 



I 
EPA S.hltPLE NO. I 1A 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

Lab Name: EA LABS Contract: 29600. 09 
-, BETWEEN, I 

Lab Code: EAENG Case No: 

Matrix: (soil/water)WATER 

Sample wt/vol: 5.0 (g/mL) 

Level: (low;med) LOW 

% Moisture: not dec. 

GC Column:RTXl ID:O.53 

Soil Extract Volume: 

CAS NO. COMPOUND 

(rom) 

(uL) 

ML 

SAS No: SDG No: 

Lab Sample ID: 9507267 

Lab File ID: VD4D458 

Date Received: 05/12/95 

Date Analyzed: 05/17/95 

Dilution Factor: 1 

soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L Q 

-----------------TPH ________________________ __ 260 

I 
I 
1 

I 
I 
I 
,I 
I 
I 
I 
I 
I 
I 
I 
I 



1 

u ab Name: EA LABS 

II 1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

Contractz29600.09 
AFTER 

Lab Code: EAENG 

I atrix: (soil/water 

Case No: . SAS No: SDG No: 

)WATER Lab Sample ID: 9507268 

qample wt/vol: c evel: (low/med) 

5.0 (g/mL) ML Lab File ID: VD4D457 

LOW Date Received: 35/12/95 

Moisture: not dec. Date Analyzed: 05/17/95 

C Column:RTXl ID:0.53 mm) Dilution Factor: 1 

oil Extract Volume: . (UL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND OWL or w/Kg) w/L Q 

-----------------TpH 100 u 

(UL) 

1A EPA SAMPLE NO. 

I 
I VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER 
lJab Name: EA LABS Contract: 29600. 09 

Lab Code: EAENG Case No: 

!latrix: (soil/water)WATER 

Sample wt/vol: 

Ilevel: (low/med) 

5.0 (g/mL) ML 

LOW 

'c
Moisture: not dec. 

Column:RTX1 ID:0.53 

IIOil Extract Volume: 

CAS NO. COMPOUND 

(rom) 

(uL) 

SAS No: SDG No: 

Lab Sample ID: 9507268 

Lab File ID: VD4D457 

Date Received: 05/12/95 

Date Analyzed: 05/17/95 

Dilution Factor: 1 

Soil Aliquot Volume: (uL) 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L Q 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-----------------TPH ________________________ __ 100 Iu 

FORt-1 I VOl>. 3/90 



1A 

Q 

----------------- 

lA 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

EPA SAMPLE 

Lab Name: EA LABS Contract:29600.09 
VBLKl 

Lab Code: EAENG Case No: SAS No: SDG No: 

Matri):: (soil/water) WATER Lab Sample ID: VD4D456 

Sample wtjvol: 5.0 (g/mL) ML Lab File ID: VD4D456 
Level: (low/med) LOW Date Received: I / 
% Moisture: not dec. Date Analyzed: 05/17/95 

GC Column:RTXl ID:O.53 

Soil Extract Volume: 

CAS NO. COMPOUND 

(mm) 

(uL) 

Dilution Factor: 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

-----------------TPH, ________________________ _ 100 

FORH I V()f\ 

1 

Q 

/u 

I 
NO. I 
II 
I 
I 
I 

(uL) I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



B. BTEX and Naphthalene Data 
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I 

B. BTEX and Naphthalene Data 

. l 



co..-----....-TOLUENE 

---------ETHYLBEN 
-~~-~~~~A & P XYLENES 

95-47-6-----------ORTHO XULENE 
91-20-3 ----------NA~~T~~NE 

1A EPA SAMPLE 
VOLA.TILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BEFORE 
Lab Name: EA LABS Contract:29600.09 

Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: 9507266 

Sample wt/vol: 5.0 (gjmL) ML Lab File ID: VG7B927F 

Level: C low/rued) LOW 

% Moisture: not dec. 

Date Received: 05/11/95 

Date Analyzed: 05/17/95 

GC Column:RTX502.2 1D:0.53 Dilution Factor: 

Soil Extract Volume: 

(nun) 

(uL) Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ugjL or ugjKg) ug/L 

71-43-2----------BENzENE ____________________ __ 
l08-88-3---------TOLUENE 
100-41-4---------ETHYLBE~N~Z~E~N~E~---------------

108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FOFli-1:r: VOA 

410 
12 

470 
610 

30 
310 

1 

Q 

I 
NO. I 
I. 
I 
I 
I 

(UL)1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



3. CHAIN-OF-CUSTODY 
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. ; 

1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

. . 

t 

BETWEEN 
ab Name: EA LABS Contract:29600.09 

Lab Code: EAENG Case No: SAS No: SDG No: 

b atrix: (soil/water) WATER Lab Sample ID: 9507267 

iL 

ample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B914F 

evel: (low/med) LOW Date Received: 05/11/95 

Moisture: not.dec. Date Analyzed: 05/17/95 

C Column:RTX502.2 ID:0.53 (mm) Dilution Factor: 1 

Extract Volume: (UL) Soil Aliquot Volume: c-1 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

O-w/L 01: w/W w/L 

71-43-2 ----------BENZENE 6.2 
108-88-3 ---------TOLUENE 1.0 
100-41-4 ---------ETHYLBENZENE 1.0 
108-38-3/106-42-3META & P+RA XYLENES 1.0 
95-47-6 ----------ORTHO XYLENE 1.0 
91-20-3 ----------NAPHTHALENE 5.0 

Q 

U 
U 
u 

:: 

I 
I 
~ab Name: EA LABS 

1A 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

Contract:29600.09 

EPA SAMPLE NO. 

BETWEEN 

Lab Code: EAENG Case No: SAS No: SDG No: 

!latriX: (soil/water)WATER Lab Sample ID: 9507267 

.,ample wt/vol: Lab File ID: VG7B914F 

lLevel: (low/med) 

II Moisture: not.dec. 

5.0 (g/mL) ML 

LOW Date Received: 05/11/95 

Date Analyzed: 05/17/95 

~c Column:RTX502.2 ID:0.53 (rom) 

(uL) 

Dilution Factor: 1 

lIoil Extract volume: Soil Aliquot Volume: (uL) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L 

71-43-2----------BENzENE ____________________ __ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE·~N=Z=E=N=E~---------------
108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XyLENE ______________ ___ 
91-20-3----------NAPHTHALENE ________________ __ 

FORM I VOA 

6.2 
1.0 
1.0 
1.0 
1.0 
5.0 

u 
u 
u 
U 
U 

Q 

3/90 



71-43-2 ----------BENZENE 

95-47-e----------ORTHO XYLENE 
91-20-3 ----------NAPHTWAL 

. . 

lA EPA SAMPLE 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER 
Lab Name: EA LABS Contract:29600.09 

Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water) WATER Lab Sample ID: 9507268 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B913F 

Level: (low/med) LOW Date Received: 05/11/95 

% Moisture: not dec. Date Analyzed: 05/17/95 

GC Column:RTX502.2 10:0.53 (nun) Dilution Factor: 

Soil Extract Volume: (uL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L 

71-43-2----------BENZENE ____________________ _ 
108-88-3---------TOLUENE 
100-41-4 ---------ETHyLBE::":N,-:Z-=E:-:-::N;::E:-----------
108-38-3/106-42-3META & PAFAXYLENES ________ _ 
95-47-6----------0RTHO XyLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FOHN I 'i/OA 

1.0 U 
1.0 U 
LO U 
LO U 
1.0 U 
5.0 U 

1 

Q 

NO. 

I 
I 
I 
I 
I 
I 

(uL) I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1 
1A 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 
EPA SAMPLE NO. 

I --I 

c 
ab Name: EA LABS 

VBLKl 
Contract:29600.09 I 

Lab Code: EAENG 

I 

Case No: SAS No: SDG No: 

atrix: (soil/water)WATER - Lab Sample ID: VG7B912 

1 

ample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B912F 

evel: (low/med) LOW Date Received: / / 

1 

Moisture: not dec. Date Analyzed: 05/17/95 

C Column:RTX502.2 ID:0.53 (mm)' Dilution Factor: 1 

I 
oil Extract Volume: (UL) Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

lug/L 01: ug/W w/L Q 

71-43-2 ----------BENZENE 
108-88-3 ---------TOLUENE 
100-41-4 ---------ETHYLBENZENE 
108-38-3,'106-42-3META & PARA XYLENES 
95-47-6----------0RTHO XYLENE 91-20-3 ----------NAPHTHALENE 

1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 u 

(UL) 

,. ." I 
I 1A EPA SAMPLE NO. 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

VBLK1 
~ab Name: EA LABS Contract:29600.09 

Lab Code: EAENG Case No: SAS No: SDG No: 

lJatriX: (soil/water)WATER Lab Sample ID: VG7B912 

5.0 (g/mL) ML Lab File ID: VG7B912F i amPle wt/vol: 

evel: (low/med) LOW 

iC

Moisture: not dec. 

Column:RTX502.2 ID:0.53 

Date Received: 1 1 

Date Analyzed: 05/17/95 

(rom) 

(UL) 

Dilution Factor: 1 

IOil Extract Volume: Soil Aliquot Volume: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L 

71-43-2----------BENzENE ____________________ _ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE~N=Z=E=N=E~--------------

108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FORN I VOA 

1.0 
1.0 
1.0 
1.0 
1.0 
5.0 

U 
U 
U 
U 
U 
U 

Q 

3/90 

(uL) 
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i 3 LOVEltoli Circle 
S::srks, MO 21 iS2 
T 2:eonone: 410-m ·4520 
Fn: 4iO·771·4-l1J7 

1\.1r. Carl Reitenbach 
EA Engineering, Science and Technology, Inc. 
15 Loveton Circle 
Sparks, .MD 21152 

Re: WiUowgrove N.A.S. - Fuel Fann (29600.09) 

Dear 11r. Reitenbach: 

28 June 1995 

Enclosed is our report on the analysis of three water samples collected for the \Villowgrove N.A.S. 
- Fuel Farm project on 15 June 1995. The invoice is included. 

Please contact me if you have any questions or require further information and refer to report 
950863. Unless other arnmgements are made, we reserve the right to dispose of your samples si,\..1:y 
(60) days from the date ofthls letter. \Ve vviH retain the raw data for seven years from this date. 

Sincerely, 

~~~ 
Laboratory Project 11anager 

enclosure 
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EA Laboratories 
ANALYTICAL NARR-\ TIVE 

Client: EA Eng., Sci. and Tech., Inc. 
Site: \ViHowgrove N.A.S. - Fuel Farm 
Project number: 29600.09 

EA Laboratories Report: 950863 
Laboratory Project Manager: IVlary E. Asper 
Report Date: 28 June 1995 

This report contains the results of the analysis of three water samples collected on 15 June 1995 in 
support of the referenced project. 

S.4MPLE RECEIPT 

The samples arrived by hand at EA Laboratories on 16 June 1995. Upon receipt, the samples were 
inspected and compared with the chain-of-custody record. The samples were then logged into the 
laboratory computer system \vith assigned laboratory accession numbers and released for analysis. 

Client Sample Designation 
BEFORE 
BETIVEEN 
AFTER 

EA Lab Number 
9508902 
9508903 
9508904 

Following this narrative section are a glossary of data qualifiers used in this report (Table 1) and the 
original chain-of-custody. Analytical results and quality control information are summarized in the 
appended data package which has been formatted to be consistent with the deliverable requirements 
of this project. 

QUAL/IT CONTROL 

The foHowing sections are ordered as the data appears in this report. They contain obsef'V'ations 
made during sample analysis, summarize the results of quality control measurements, and address the 
impact on data usability based upon project Data Quality Objectives. For each fractional analysis the 
narrative includes: 

• Sample chronology: This section summarizes the sample history by fraction including the sample 
preparation method and date. analytical method, and analysis date. Anything unusual about the 
samples, digesta.tes, or extracts is identified. Holding time compliance is evaluated in this section. 

• Laboratory method performance: All quality control criteria for method performance must be 
met for aU target analytes for data to be reported. These criteria generally apply to instrument 
tune, calibration, method blanks, and Laboratory Control Samples (LCS). In some instances 
where method criteria fail, useable data can be obtained and are reported with client approval. 
The narrative ""rill then include a thorough discussion of the impact on data quality. 

. • SaJ11pie rerformance Quality control field samples are analyzed to determine any measurement 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng., Sci. and Tech., Inc. EA Laboratories Report: 950863 
Site: Willowgrove N.A.S. - Fuel Farm Laboratory Project Manager: Mary E. Asper 
Project number: 29600.09 Report Date: 28 June 1995 

I 

bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates 
(MSD), and laboratory duplicates (D). Ifacceptance criteria are not met, matrix interferences are 
confirmed either by reanalysis or by inspection of the LCS results to verify that laboratory method 
performance is in control. Data are reported with appropriate qualifiers or discussion. 

VOLATILE TOTAL PETROLELM HYDROCARBONS (VTPH) - WATER 
(EA9508902 - EA9508904) 

Sample Chronology: Three samples were analyzed on 21 May 1995 for JP-4 fuel by USEPA SW- 
846, Methods 5030/8015modified. All specified holding times were met. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: All quality control criteria were met for the reported samples. 

AROMATIC VOLATILES BY GC - WATER (EA9508902 - EA!3508904) 

Sample Chronology: Three samples were analyzed on 22 June 1995 for benzene, toluene, 
ethylbenzene, xylenes and naphthalene by USEPA SW-846, Methods 5030/8020. All specified 
holding times were met. 

Sample BEFORE required a 2X dilution in order to achieve concentrations of target analytes 
within linear calibration range. 

Laboratory Method Performance: All laboratory method performance criteria were met fcr the 
reported samples. 

Sample Performance: All quality control criteria were met for the reported samples. 

CERTIFICATION OF RESULTS 

The Laboratory certifies that this report meets the project requirements for analytical data as stated 
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory certifies 
that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness 
specified for this project or as stated in EA Laboratories Quality Assurance program for other than 

. the conditions detailed above. 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng., Sci. and Tech., Inc. 
Site: Willowgrove N.A.S. - Fuel Farm 
Project number: 29600.09 

EA Laboratories Report: 950863 
Laboratory Project Manager: Mary E. Asper 
Report Date: 28 June 1995 

bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates 
(MSD), and laboratory duplicates CD). If acceptance criteria are not met, matrix interferences are 
confirmed either by reanalysis or by inspection of the LCS results to verify that laboratory method 
performance is in control. Data are reported with appropriate qualifiers or discussion. 

VOLATILE TOTAL PETROLElTh-'l HYDROCARBONS (VTPH) - WATER 
(EA9508902 - EA9508904) 

Sample Chronology: Three samples were analyzed on 21 May 1995 for JP-4 fuel by USEPA SW-
846, Methods 5030/8015-modified. All specified holding times were met. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported samples. 

Sample Perfonnance: All quality control criteria were met for the reported samples. 

AROMATIC VOLATILES BY GC - WATER (EA9508902 - EA9508904) 

Sample Chronology: Three samples were analyzed on 22 June 1995 for benzene, toluene, 
ethylbenzene, xylenes and naphthalene by USEPA SW-846, Methods 5030/8020. All specified 
holding times were met. 

Sample BEFORE required a 2X dilution in order to achieve concentrations of target analytes 
within linear calibration range. 

Laboratory Method Performance: All laboratory method performance criteria wer:.: oct fcr the 
reported samples. 

Sample Performance: All quality control criteria were met for the reported samples. 

CERTIFICATION OF RESULTS 

The Laboratory certifies that this report meets the project requirements for analytical data as stated 
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory certifies 
that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness 
specified for this project or as stated in EA Laboratories Quality Assurance program for other than 
the conditions detailed above 



EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng., Sci. and Tech., Inc. 
Site: \ViHm.1,rgrove N.A.S. - Fuel Farm 
Project number: 29600.09 

EA Laboratories Report: 950863 
Laboratory Project Manager: ~Iary E. Asper 
Report Date: 28 June 1995 

Release of the data contained in this report has been authorized by the appropriate Laboratory 
Manager as verified by the following signature. 

.J<tL~1 ~)~crbt::=<:..::v........,=-::::,c;::...-...!-f~--:-=),-::-t---:-:-:-----:-: __ 28 June 1995 
\Valter E. l'Ifiller, Organics Division Manager 
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A. TPH CR0 Data A. TPH ORO Data 
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1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BEFORE 

1 
ab Name: EA LABS Contract:29600.09' 

Lab Code: EAENG Case No: SAS No: SDG No: 

I 
atrix: (soil/water)WATER Lab Sample ID: 9508902 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4D658 

1 evel: (low/med) LOW Date Received: 06/15/95 

% Moisture: not dec. 

I 

Date Analyzed: 06/21/95 

C Column:RTXl ID:0.53 (mm) Dilution Factor: 1 

Extract Volume: (UL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND W/L or w/Kg) w/L Q 

(UL) 

-----------------TpH I 7400 I 

FORM I VOA 3/90 

I 
I lA EPA SAMPLE NO. 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

lab Name: EA LABS 

Lab Code: EAENG Case No: 

latrix: (soil/water)WATER 

Sample wt/vol: 5.0 (g/mL) 

level: (low/med) LOW 

% Moisture: not dec. 

Ic Column:RTXl ID:0.53 

IOil Extract Volume: 

CAS NO. COMPOUND 

(mm) 

(uL) 

BEFORE 
Contract:29600.09 

ML 

SAS No: SDG No: 

Lab Sample ID: 9508902 

Lab File ID: VD4D658 

Date Received: 06/15/95 

Date Analyzed: 06/21/95 

Dilution Factor: 1 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L Q 

I 
I 

-----------------TPH, ________________________ __ 7400 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

FORM I VOA 3/90 

(uL) 



7 

--~------------.-.qp~ I 

111. EPA SAMPLE 
VOLt,\TlLE COMPOUNDS ORGANICS ANALYSIS SHEET 

BETWEEN 
La!:, Name: EA UBS Contract:29600.09 

:::"'ab Code: EAENG Case No: SAS No: SDG No: 

~"1atri): : (soil/water) WATER Lab Sample ID: 9508903 

Sample wt/vol: 

Level: (low/rued) 

% Moisture: not dec. 

GC Column:RTXl 

soil Extract Volume: 

CAS NO. 

5.0 (g/mL) ML 

LOW 

ID:O.53 

COMPOUND 

(rom) . 

(uL) 

Lab File ID: VD4D657 

Date Received: 06/15/95 

Date Analyzed: 06/21/95 

Dilution Factor: 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

1 

Q 

-----------------TPH ________________________ __ 100 

FORM I VOA 3/90 

NO. 

I 
I 
I 
1 
L 

(uL) I 
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1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

I 

b Name: EA LABS 

b Code: EAENG Case No: 

I AFTER 
Contract:296O0.09 

SAS No: 

P trix: (soil/water)WATER Lab Sample ID: 9508904 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4D656 

P 
vel : (low/med) LOW Date Received: 06/15/95 

% Moisture: not dec. Date Analyzed: 06/21/95 

D Column:RTXl ID:0.53 (mm), Dilution Factor: 1 

Soil Extract Volume: 

I 

(UL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND tug/L or w/W w/L Q 

' I 

------w.--em------JJ'PH 100 u 

I 

I 

I 

I 

1 

1 

1 

1 

D 

I 

FORM I VOA 3/90 

1 

SDG No: 

q-1 

I 
I 

1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER 

r: Name: EA LABS Contract:29600.09 

Code: EAENG Case No: 

Ittrix: (soil/water)WATER 

Sample wt/vol: 5.0 (g/mL) ML 

Ifvel: (low/med) LOW 

% Moisture: not dec. 

SAS No: SDG No: 

Lab Sample ID: 9508904 

Lab File ID: VD4D656 

Date Received: 06/15/95 

Date Analyzed: 06/21/95 

~ Column:RTX1 ID:0.53 (rom)· Dilution Factor: 1 

Soil 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Extract Volume: 

CAS NO. COMPOUND 

(uL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

-----------------TPH ________________________ __ 100 

FORM I VOA 

Q 

3/90 

(uL) 



----------- -----q=y~ E 

FORM I VOA 

lA 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

EPA SAMPLE NO. I 
I 
I 
I 
I 

Lab Name: EA LABS 

Lab Code: EAENG Case No: 

Natrix: (soil/water)WATER 

Sample wt/vol: 5.0 (g/mL) 

Level: (low/med) LOW 

% Moisture: not dec. 

GC Column:RTXl 10:0.53 

soil Extract Volume: 

CP.S NO. COMPOUND 

(mIn) 

(uL) 

VBLK1 
Contract: 29600. 09 

ML 

SAS No: SDG No: 

Lab Sample ID: VD4D654 

Lab File ID: VD4D654 

Date Received: / / 

Date Analyzed: 06/21/95 

Dilution Factor: 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

1 

Q 

-----------------TPH ________________________ __ 100 lu 

FORM I VOA 3/90 

(ul) , 

~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



B. BTEX and Naphthalene Data 
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Lab Name: EA LAB co~t~a~t~2~~0~~0~ 

Lab Code: EA SAS No: 

t*:atrix: Lab Samp 

lA EPA SAMPLE 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BEFORE 
Lab Name: EA LABS Contract:29600.09 

:..Jab Code: EAENG Case No: SAS No: SOG No: 

Natrix: (soil/water) WATER Lab Sample ID: 9508902 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7C129R 

I.,evel: (low/med) LOW 

% Moisture: not dec. 

Date Received: 06/16/95 

Date Analyzed: 06/22/95 

::;C Column:RTXl ID:O.53 (rom) Dilution Factor: :2 

Soil Extract Volume: (uL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q 

71-43-2----------BENZENE ____________________ __ 
10S-88-3---------TOLUENE 
100-41-4---------ETHyLBE~N~Z~E~N~E~--------------

lOS-3S-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FORH I VOA 

410 
24 

510 
470 

24 
290 

3/90 

NO. 

I 
I 
I 
I 
I 
I 

(uL) I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

I I 

b b Name: EA LABS Contract:29600.09 
BETWEEN 

I 

Lab Code: EAENG Case No: SAS No: SDG No: 

IB trix: (soil/water)WATER Lab Sample ID: 9508903 

P 

mple wt/vol: 5.0 (g/mL) ML Lab File ID: VG7C124R 

vel: (low/med) LOW Date Received: 06/16/95 

Moisture: not dec. Date Analyzed: 06/22/95 

Column:RTXl ID:0.53 (mm) Dilution Factor: 1 

P il Extract Volume: 

CAS NO. 

Soil Aliquot Volume: (L-1 

COMPOUND 
CONCENTRATION UNITS 

(w/L 01: w/W w/L 

71-43-2 ----------BENZENE 
108-88-3 ---------T(-jj-JJENE 
100-41-4 

Ye- ~~ ---------ETHYLBENZ. 
108-38-3/106-42-3META b PARA XYI 
95-47-6 ----------ORTHO XYLENE 
91-20-3 ----------NAPHTHALENE 

ENE 
JENES 

1.0 
1.0 
1.0 
1.0 
1.0 
5.0 

Q 

U 

:: 
U 
U 
U 

FORM I VOA 3,190 

I 
I 1A EPA SAMPLE NO. 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

~b Name: EA LABS 
BETWEEN 

Contract:29600.09 

Lab Code: EAENG Case No: SAS No: SDG No: 

~trix: (soil/water)WATER Lab Sample ID: 9508903 

ijtmple wt/vol: 5.0 

LOW 

(g/mL) ML Lab File ID: VG7C124R 

-=vel: (low/med) Date Received: 06/16/95 

Date Analyzed: 06/22/95 

l
~ Moisture: not dec. 

Column:RTX1 ID:0.53 (rom) 

(uL) 

Dilution Factor: 1 

ril 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Extract Volume: Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L 

71-43-2----------BENzENE ____________________ _ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE·~N=Z=E~N=E~--------------
108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ __ 

FORM I VOA 

1.0 U 
1.0 U 
1.0 U 
1.0 U 
1.0 U 
5.0 U 

Q 

3/90 

(uL) 



71-43-2 -----.----B 
----.--‘qy-J~~~~ 

--.--‘...---E~~l+J-& 

----------Q~rJ~ NE 
------...--~pJqJ E 

FORM I VOA 

8 
8 
I 
8 
I 
1 
8 
8 
8 

lA EPA SAMPLE 
VOLATILE COMPOUNDS 

Lab Name: EA LABS 

Lab Code: EAENG Case No: 

Hatrix: (soil/water) WATER 

Sample wt/vol: 

(low/med) 

% Moisture: not dec. 

GC Column:RTXl 

5.0 (g/mL) 

LOW 

ID:0.53 (mm) 

soil Extract Volume: (uL) 

ORGANICS ANALYSIS SaEET 

AFTER 
Contract: 29600. 09 

SAS No: 

ML 

SOO No: 

Lab Sample ID: 9508904 

Lab File ID: VG7C1.23R 

Date Received: 06/16/95 

Date Analyzed: 06/22/95 

Dilution Factor: 

Soil Aliquot Volume: 

1. 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L Q 

71.-43-2----------BENZENE ____________________ _ 
10B-8B-3---------TOLUENE 
lOO-41-4---------ETHYLBE~N~Z~E~N;E~--------------

108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XyLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FORM I VOA 

1.0 U 
1.0 U 
1.0 U 
1.0 U 
1.0 U 
5.0 U 
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1A 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

EPA SAMPLE NO. 

b b Name: EA LABS Contract:29600.09 

Lab Code: EAENG Case No: SAS No: SDG 

VBLKl 

c trix: (soil/water)WATER 

P 

mple wt/vol: 5.0 (gJmL) ML 

vel: (low/med) LOW 

^ 

a 

Moisture: not dec. 

Column:RTXl ID:0.53 (mm) 

No: 

Lab Sample ID: VG7C119 

Lab File ID: VG7C119R 

Date Received: / / 

Dzte Analyzed: 06/22/95 

Dilution Factor: 1 

P il 

a 

a 

a 

a 

a 

a 

a 

a 

1 

a 

Extract Volume: c-1 Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND @g/L or w/W w/L Q 

71-43-2----------BENZENE 
108-88-3---------TOLUENE 
lOO-41-4---------ETHYLBENZENE 
108-38-3/106-42-3META & PARA m 
95-47-6------- ---0RTHO XYLENE 
91-20-3 ----------NApHTH.2&ENE 

1.0 
1.0 
1.0 
1.0 
1.0 
5.0 

U 

ii 
U 
U 
U 

FORM I VQA 3190 

CUL) 

I 
I lA EPA SAMPLE NO. 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

~b Name: EA LABS Contract:29600.09 
VBLKl 

No: SAS No: SDG No: 

Lab Sample ID: VG7Cl19 

Lab Code: EAENG Case 

~trix: (soil/water)WATER 

ifrnple wt/vol: 5.0 (g/mL) ML Lab File ID: VG7Cl19R 

Ibvel: (low/rned) LOW Date Received: / / 

D~te Analyzed: 06/22/95 I" Moisture: not dec. 

Column:RTXl ID:0.53 (rom) 

(uL) 

Dilution Factor: 1 

IiI 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Extract Volume: Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L 

71-43-2----------BENzENE __________________ ___ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE~N=Z=E~N=E-----------------

108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FORM I VOA 

1.0 U 
1. 0 U 
1.0 U 
1.0 U 
1.0 U 
5.0 U 

Q 

3/90 

(uL) 



EA laboratories 19lovetclii Circle 
Sparks. MD 2m2 
Telephone: 410·171-4920 
Fax: 4 HJ· 171-4407 

I 
I 
I ----------------------------------------------------------

r..1.r. Carl G. Reitenbach. Jr. 
EA Engineering. Science and Teclmology. Inc. 
15 Loveton Circle 
Sparks, MD 21152 

Re: Willow Grove (29600.09) 

Dear Mr. Reitenbach: 

November 13, 1995 

Enclosed is our report on the analysis of three \vater samples collected for the Willow Grove project 
on 25 October 1995. The invoice is included. 

Please contact me if you ha.ve any questions or require furt!1er information and refer to report 
951698. Unless other a.rnmgements are made. we reserve the right to dispose of your samples sixty 
(60) days from the date ofthls letter. \Ve v.rill retain the raw data for seven years from this date. 

Sincerely, 

~fA/K..S It/15k, 

Laboratory Project Manager 

enclosure 
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LABORATORY DATA REPORT 

I 

1 
I 

Prepared for: 

EA Engineering, Science, and Technology, inc. 
Willow Grove 

Prepared by: 

EA Laboratories 
19 Loveton Circle 
Sparks, MD 2 1152 
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I 
1 
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I 
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Report 95 1698 

November 1995 
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LABORATORY DATA REPORT 
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Willow Grove 
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EA Laboratories 
19 Loveton Circle 

Sparks, MD 21152 

Report 951698 
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EA Laboratories 
ANAL YTICAL NA.R.R..A. TIVE 

Client: EA Eng. Science and Tech. 
Site: ,vmow Grove 
Project number: 29600.09 

Laboratory Project Manager: Natasha K. Sullivan 
EA Laboratories Report: 951698 
Date: 13 November 1995 

This report contains the results of the analysis of three water samples collected on 25 October 1995 
in support of the referenced project. 

SA.ft.1PLE RECEIPT 

The samples arrived intact by Federal Express at EA Laboratories on 26 October 1995. Upon 
receipt, the samples were inspected and compared with the chain-of-custody record. The samples 
were then logged into the laboratory computer system with assigned laboratory accession numbers 
and released for analysis. 

Client Sample Designation 
Before 
Between 
After 

EA Lab Number 
9515557 
9515558 
9515559 

Following this narrative section are data qualifiers (Table 1) and the original chain-of-custody. 
Analytical results and quality control information are summarized in the appended data package 
which has been formatted to be consistent with the deliverable requirements of this project. 

QUALITY CONTROL 

The following sections are ordered as the data appears in this report. They contain observations 
made during sample analysis, summarize the results of quality control measurements, and address 
the impact on data usability based upon project Data Quality Objectives. For each fractional analysis 
the narrative includes: 

• Sample chronology: This section summarizes the sample history by fraction including the 
sample preparation method and date, analytical method, and analysis date. Anything unusual 
about the samples. digestates. or extracts is identified. Holding time compliance is evaluated in 
this section. 

• Laboratory method performance: All quality control criteria for method performance must be 
met for aU target analytes for data to be reported. These criteria generally apply to instrument 
tune, calibration, method blanks, and Laboratory Control Samples (LCS). In some in.<;t.mces 
where method criteria fail, useable data can be obtained and are reported \'vlth client approval. 
The narrative will then include a thorough discussion of the impact on data quality. 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan 
Site: Willow Grove EA Laboratories Report: 951698 
Project number: 29600.09 Date: 13 November 1995 

l Sample performance: Quality control field samples are analyzed to determine any measurement 
bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike dupficates 

(MSD), and laboratory duplicates (D). If acceptance criteria are not met, matrix interferences 
are confirmed either by reanalysis or by inspection of the LCS results to verify that laboratory 
method performance is in control. Data are reported with appropriate qualifiers or discussion. 

AROMATIC VOLATILES BY GC - WATER (EA951555FEA9515559) 

Sample Chronology: The samples were analyzed for BTEX plus naphthalene on 3 1 October 1995 
and 01 November 1995 by USEPA SW-846, Methods 5030/8020. All specified holding times were 
met. 

Laboratory Method Performance: AI1 laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: All quality control criteria were met for the reported samples. 

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VTPH) - WATER (IX9515557 - 
EA9515559) 

Sampfe Chronology: Three samples were analyzed on 27 October 1995 for gasoline range organics 
by USEPA SW-846 methods 5030/8015-modified. All specified holding times were met. 

Sample BEFORE was diluted 10X prior to analysis in order to bring the response for the gasoline 
range organics within the linear range of the calibration curve. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported sample. 

Sample Performance: All quality control criteria were met for the reported sample. 
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EA Laboratories 
ANAL YTICAL NARRATIVE 

Client: EA Eng. Science and Tech. 
Site: \Villow Grove 
Project number: 29600.09 

Laboratory Project Manager: Natasha K. Sullivan 
EA Laboratories Report: 951698 
Date: 13 November 1995 

• Sample performance: Quality control field samples are analyzed to detennine any measurement 
bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates 
(MSD), and laboratory duplicates (D). If acceptance criteria are not met, matrix interferences 
are confirmed either by reanalysis or by inspection of the LeS results to verify that laboratory 
method performance is in control. Data are reported with appropriate qualifiers or discussion. 

AROMATIC VOLATILES BY GC - 'VATER (EA9515557-EA9515559) 

Sample Chronology: The samples were analyzed for BTEX plus naphthalene on 31 October 1995 
and 01 November 1995 by USEPA SW-846, Methods 5030/8020. All specified holding times were 

met. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: All quality control criteria were met for the reported samples. 

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VTPH) - WATER {EA9515557 -
EA9515559) 

Sample Chronology: Three samples were analyzed on 27 October 1995 for gasoline range organics 
by USEPA SW-846 methods 5030/80IS-modified. All specified holding times were met. 

Sample BEFORE was diluted lOX prior to analysis in order to bring the response for the gasoline 
range organics within the linear range of the calibration curve. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported sample. 

Sample Performance: All quality control criteria were met for the reported sample. 



EA Laboratories 
ANAL YTICAL NARRATIVE 

Client: EA Eng. Science and Tech. 
Site: Willow Grove 
Project nwnber: 29600.09 

CERTIFICATION OF RESULTS 

Laboratory Project Manager: Natasha K. Sullivan 
EA Laboratories Report: 951698 
Date: 13 Noycmber 1995 

The Laboratory certifies that this report meets the project requirements for analytical data as stated 
in the Anal.:rtical. Task Order (ATO) and the chain-of-custody. In addition, the Laboratory certifies 
that the data as reported meet the Data Quality Objectives for precision, accuracy. and completeness 
specified for this project or as stated in EA Laboratories Quality Assurance program for other than 
the conditions detailed above. Release of the data contained in this report has been authorized by 
the appropriate Laboratory Manager as verified by the follovlling signature. 

...:o.q~:::..~.:=.....J...:::.-_C2-1-"'---;;::;;";.t:;;;.:;:::,._-=-::-:-:--"'7'"": ____ 13 November 1995 
Walter E. Mi"ite;, Orgacics DiVISIon Manager 
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TABLE 1. ORGANIC ANALYSIS DATA QUALXFJERS 

ND or u ~~&cs a compmnd on rite farget comwd list (TCL) was analyzed for but not detected. The sampie qua&radon rimit mut & 
correxed for dilution and. if a soil sample. for percent moisture. 
VO~~C is the protocol-specified fml volume. 

For example. 10 U is used for phenol in water if the sample fwi 
if a l-to-10 dilution of the extract was ttccessary. tbc rrponed iknit is (10 x 10 v) or 

100 U. For a soil sample. the vahc is aho adjusted for percent moisture. For example. if the sample had 24% moismm ud a 
l-m-10 dilution facmr. tbc soir sample quantitrdon limit for phenol (330 U) would be corrected as follows: 

Reponcd limit - (330 U) x df I D 

where: df = dilution factor = 10 
D = (100 - % moisture) ! 100 (At 24% moisture, D - (100-24) I 100 = 0.76) 

Reported limit = (330 U’) x 10 I 0.76 = 4300 U (rounded to two significant figures) 

For soil samples subjected to gel permeation chromatography (GE) hanup procedures. the contract required quamhation timit 
(CRQL) is also muhiplied by 2 to account for the fact that only half of the exnact is recovered. Note: If GPC prmedums a 
employed, the factor of 2 is not included in the dihrtion factor report& a “Y’ is entered for GPC (Y/N), 

m or J hdiu&s ~1 esdmtd value. ?his flag is used under lhe foIlowing ci~tlnls~s: 1) when C.&Wing a comcna;l&n for 
tenaovely identified compounds where a I:1 response is assumed. 2) when the mass spectral and retention time data indim the 
prmencc of a compound rbar meets the vohdle and semivolatile GClMS idcnrifkadon criteria. and me mndt is less rhu, the CRQL 
ha grealcr than zero. 3) when the retention time dara indiCart the presence of a compound that meets the pesdcide/Amctor 
idcntitiution criteria and the result is ICU than the CRQL but greater than zero. Note: the ‘J’ code is not used and the compound 
is not reported as being identified for perticide/Aroclor resuhs less than the CRQL, if the tc&n,icaf judgemem of the p&c& 
&due analysis expert determines that the perks used for compound identifkhon rosukd from instrument noise or omer 
interfererices (cohtmn bleed. solvent contamination. etc.). For example. if the sample quantitarion limit is SO ug/L but a 
~nccntration of 3 ug/L is cakulated. report it as 3 J. The sample quaruitation limit must be adjusted for dibtdon as d- for 
fhc U flag 

l’$is fiag applies to pesticide msuhs when the identification has been wntiied by GC&fS. Single component pcnic~~ with 
connation equal to or greater than 10 n&L in the f& extnct must be conktncd by GC&JS. 

ll& flag is used when the utllytc is found in the associated blank as weit as in the sample. It i&cams possible/probable blat& 
umamination and warns the dam user to take appropriate action. This tIag is used for a TJC as weti as for a positivtiy idcntificd 
TCL compmd. 

This flag identifies cornpout& whose WIICC~ON exceed the calibration range of the Gc/MS m.stntr$aem for that rpccifio 
analysis. This Bag does not apply to pudcidesiPCBs analyzed by GCIEC methods. If OIY or more compou& have a rcs~mrxac 
greater hat full scale. the sample or extract must be diluted and reanalyzed according to the spccitiudo~ listed in the SOW. 
All such compounds with a response greater than full scale should have a concentration fig@ with 111 ‘E’ on Form J for the 
original analysis. Jf the dilution of the extract UUIU any compoti identiticd in the fttst analysis to bc below the cPfibndon 
range in the second analysis. then me results of both anaiyscs arc mpotud on separate Forms I. The Form I for the dihrkd ample 
will have the ‘DL’ suffix appended to the sample number. NOTE: For tool xylencs. where three isomers am gwnrifred as two 
peaks. the uhbntion range of each @ is c~ntidercd separately: e.g.. a d&ted urplysis is not required for r0ta.t xyienes unless the 
concertnation of either peak scpanmly exceeds 200 ug/L. 

This tlag idcndtia al1 compounds identiticd in the analysis at a sccondrry dilution factor. Jf a smpte or cxmmt k rcamJyxcd at a 
higher dilution facror. as in the ‘E’ Rag abave. tbc ‘DL’ sUffK is appended (0 the sample -&r on he Form f for the dihttd 
-le. and all concetmation values repot& on that Form I arc ilagged with the ‘D’ flag. 

m flag indicates that a TJC is a suspected ddol-comiensation product 

Other specific flags may be rcquimd to pmpedy define the results. if used. they are htlly described and such description l - 
10 the SampIe Dan Summaty Package ad the Case Narntivc. The flags begin by using ‘X’. If mom that one flag is rcqt&d. 
-y* and ‘2’ are used. u needed. For Wancc. rho ‘X’ flag might wmbii rhe ‘A’. ‘B’. arad ‘D’ flags for some sampie. 

wtes presumptive evidence of a compound. Thii flag is only used for tentatively idc&kJ compounds, where Lfic h&cation 
is based on a mass spectral library search. It is applied to ail TJC results. For generic chancmriration of a TIC, such as 
&lorinatcd hydrocarbon, the N code is not used. 

This flag is used for GC analyses when there is greater than 25% difference for dctccad concentration ktween the two GC 
c&mns. The lower of the two values is repned on Form 1 and flagged with a ‘P’. 
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TABLE 1. ORGANIC ANALYSIS DATA QUALIFIERS 

NO or U Indicates a compound on rile target compound list (TCL) was analyzed for but not detected. The sample qUanOtation limit must be 
corrected for dilution and. if a soil sample. for percent moisture. For example. 10 U is used for phenol in water if the sample final 
volume is the protocol-specified fmal volume. If a l-to-IO dilution of the extract was necessary. the reported limit is (10 x 10 U) or 
100 U. For a soil sample. the value is also adjusted for percent moisture. For example. if the sample had 24 % moisture and a 
l-to-lO dilution factor. the soil sample quantilation limit (or phenol (330 U) would be corrected as follows: 

Reponed limit - (330 U) x df I 0 

where: df - dilution (actor'" 10 
o - (100· % moisture) I 100 (At 24% moisture. 0 ... (100-24) I 100 ... 0.76) 

Reported limit = (330 U) x 10 I 0.76 .. 4300 U (rounded to two significant figures) 

For soil samples subjected to gel permeation chromatography (GPC) cleanup procedures. the contract required quantitation limit 
(CRQL) is also multiplied by 2 to account (or the fact that only half o( the extract is recovered. Note: If GPC procedures are 
employed. the (actor of 2 is not included in the dilution factor reponed; a "Y" is entered (or GPC (YIN). 

TR or J Indicates an estimated value. This flag is used under the following circumstanCes: 1) when estimating a concentration for 
lenl30vely identified compounds where a I: 1 response is assumed. 2) when the mass spectral and retention time data indicate the 
prelence of a compound that mcelS the volatile and semivoiatile GeIMS identification criteria. and the result is less than the CRQL 
but greater than zero. 3) when the retention time data indicate the presence of a compound that meelS the pesticide/Aroclor 
identification criteria and the result is less than the CRQL but greater than zero. Note: the "J" code is not used and the compound 
is not reponed as being identified for pesticidclAroclor results less than the CRQL, if the technical judgement of the pesticide 
residue analysis expert determines that the peaks used for compound identification resulted from instrument noise or other 
interferences (column bleed. solvent contamination. etc.). For example, if the sample quantitation limit is 10 ug/L but a 
concentration of 3 ugiL is calculated. rcport it as 3 J. The sample quantitation limit must be adjusted for dilution as discussed for 
the U flag 

C This flag applies to pesticide results where the identification has been confmned by GeIMS. Single component pesticides with 
concentration cqua.I to or greater than 10 ngfuL in the fmal extract must be confirmed by GCIMS. 

B This flag is used when the analycc is found in the associated blank as well as in the sample. It indicates possiblc/probable blank 
conWnination and warns the dal3 tlSer to a.kc appropriate action. nus flag is used for a TIC as well as for a positively identified 
TCL compound. 

E nus flag identifies compounds whose concentrations exceed the calibration range of the GC/MS instrument for that specific 
analysis. This flag docs not apply to pesticides/PCBs analyzed by GClEC methods. If ODC or more compounds have a respoose 
greater that full scale. the sample or extract must be diluted and reanalyzed according to the specifications listed in the SOW. 
All such compounds with a response greater than full scale should have a concentration flagged with an "E" on Form I for die 
original analysis. If the dilution of the extract causes any compounds identified in the first analysis to be below the calibration 
range in the second analysis. then the results of both analyses are reponed on separate Fonns 1. The Form I for the diluted sample 
will have the "OL" suffIX appended to the sample number. NOTE: For total xylenes. where three isomers are quantified as two 
peW. the calibration range of each peale is considered sepazately; e.g., a diluted analysis is noe required for total xylencs unless the 
concentration of either peak separately exceeds 200 ug/L. 

D This flag identifies all compounds identified in the analysis at a secondary dilution factor. If a sample or extract is reanalyzed at a 
higher dilution faCtor. as in the ·E" tlag above. the "OL" suffix is appended to the sample number on the Form I (or the diluted 
sample. and all concentration values reported on that Form I are flagged with the "0" flag. 

A This flag indicates that a TIC is a suspected a1dol-condensation product. 

X Other specific flags may be required to properly define the results. If used. they are fully described and such description attached 
to the Sample Data Summary Package and the Case Narrative. The flags begin by using "X". If more that one flag is required. 
"Y" and oZ· are used. as needed. For instance. the "X· flag might combine the "A". "B". and "0" flags for some sample. 

N Indicates presumptive evidence of a compound. This flag is only used for tentatively identified compounds. where the identification 
is based on a mass spcctrallibrary search. It is applied to aU TIC results. For generic characterization of a nco such as 
chlorinated hydrocarbon. the N code is not used. 

P This flag is used for GC analyses when there is greater than 25 % difference for detected concentrations between the twO GC 
colwnns. The lower of the two valucs is reponed 00 Form 1 and flagged with a ·P". 
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Company Namo: Project ManMJer or Contact: Pa"""'t&rsIM&thod Numbers for AnalysIs 
(fl.] (l CM.I.- ?.f:>,-t... ..... ,tJ4<-j! 
fiJ4~ .~I~j~_~~g_C-____ ~Ph~on~e~: _____________ 1 ~I'~ 

Project No. 61~ G 00·0 9 Project Nama: /J A !' 
tvJ/<"W t,4;1--- ' 

Dept.: (I,) J/ Task: 6((,11 & ~ 
SampleQ~a location: ATO Num(;, Co I) f! ~'I ~ 

~----~~TI~~~--~~--~--------~ ~ ~ J 
Page I of / Report~:g-61" 9 8 ]I r\ ~ 
~~---,-JI..oo.r--r-......I..~~..w.------t 8 '- :t. 

~ - ~~ ;i :g Sample Identification z~ ~ \::. 
;> en 19 Characters ; ~ \ Tim 0 Date 

1~16i'J9~1 I I I I I I I I I I I I 3 -J V. 
tDtPi1il~€>rl I I I I I I I I I I I J \tV 
,AAfKrtl 1'1 I I I II I I I I J V V 

I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I 

Chain of Custody Record 

_ 

EAlaboralorlea 
19 loveton Cllde 
Sparks, MO 21152 
Telephone: (410) n1-4920 
Fax: (410) 171-«07 

Report Dellverables: ~ 

(!)~34D~ 
EDD:Y~ , 

DUE TO CUENl: n II (p l tiS 
EALaba 

Acc9S81on 
Number 

Fi51'5557 LPM: 

Remarks 

I I I I I I I I I I I I~I~I~I~I~~I~I-;~r-~r-+-;-~-r-r~-+-+~------~--------------~ 
I I I I I I I I I I I I I I I I I I 

RellnqulshEKI by: (Signature) 

I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I '~I~I~I~I~I~I~-+-+~-;~r-~~+-r-+-+-+-~-----4--------------~ 
I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I 

I II I I I I I I I I I I I I I I I I ~'(")) -
I I I I I I I I I I I I I I I I I I 

I , , 1'1 I I I I I I I , I I , I 

I I I I I I , '" I , I I I I I I 

I ii' I I I I I I I I I I I I I I 

111111 I I I I I II I I I I .. 

DatelTime Received by ta6Oratory: (SIgnature) batarnme AJrbll\ Numt:ier: Sample Shipped by: (CIrcle) 

~ ____ ~~----~ __ ~~ __ ~I~~ ________________ ~~ __ ~_~I~~ ____________ ~~ ~. UPS 

eooter.TImP • ..d::.....C ;;pH; ]YeI;;;;~\;~;i~,OornmtritI:::?<i' '.':'.' ., .. ",,/~)}':';;'i';·.':':r\:,OUItOcIY __ JtUd OvH;:JaNo , c',;"', .. ';:,>", ' Hand Camed 

NOTE: Please Indicate method number for analyses requested. This will help clarify any questions with laboratory techniques. other. 

'NHITE-EA L.!lboratorle! YFII OW-FA I nhnrnt"rf.... P'''III'_-'')."InM H.,nn ...... 
~. .,-,,,. , , .. , -. 
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A. Aromatic Volatiles Data 
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A. Aromatic Volatiles Data 



. 

IA 
v DS 

EPA s 

I 
lA EPA SAMPLE NO. VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

Lab Name: EA LABS 

Lab code: EAENG Case No: 

contract:29600.09 

SAS No: 

I 
I 

SDG _N_:_~_F_O_RE _____ II 
Hatrix: (soil/water)WATER Lab Sample ID: 9515557 
Sample wtjvol: 5.0 (gjmL) HL Lab File ID: VF6H251R 
Level: (low/med) LOW Date Received: 10/26/95 
% Moisture: not dec. Date Analyzed: 11/01/95 
GC column:DB-624 ID:O.53 (mm) Dilution Factor: 
Soil Extract Volume: (uL) Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ugjL or ug/Kg) ug/L 

71-43-2----------BENZENE ____________________ _ 
l08-88-3---------TOLUENE 
100-41-4---------ETHyLBE~N~Z~E~NE~---------------10B-38-3/106-42-3META & PARA XYLENES ________ _ 95-47-6----------0RTHO XYLENE, ______________ __ 91-20-3----------NAPHTHALENE. ________________ _ 

260 
10 

450 
460 

19 
310 

1 

Q 

FORM I VOA 3/90 

lL} 
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I 
1A 

I 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 
EPA SAMPLE NO. 

Lab Name: EA LABS Contract:29600.09 

& ab Code: EAENG Case No: SAS No: SDG 

BETWEEN 

(soil/water) WATER 

'ample wt/vol: 5.0 (g/mL) ML 

No: 

Lab Sample ID: 9515558 

Lab File ID: VF6H249R 

k 

eve1 : (low/med) LOW Date Received: 10/26/95 

-t; Moisture: not deco Date Analyzed: 11/01/95 

,C Column:DB-624 
I‘ 

ID:0.53 (mm) Dilution Factor: 1 

Soil Extract Volume: (-1 'Soil Aliquot Volume: 

1 
CONCENTRATION UNITS 

CAS NO. COMPOUND tug/L or w/W w/L Q 

71-43-2 ----------BENZENE 
108-88-3 ---------TOLUENE 
100-41-4 ---------EmyI LBENZENE 
108-38-3/106-42-3META & PARA XYLENES 
g5-47-6----------0RTHO XYLENE 
91-20-3 ----------NAPHTHALENE 

I 1.0 1.0 Iv u 
1.0 
i:: 

u 
1.0 u 
2.0 2.0 
1.0 
51:: 

u 
5.0 u 

FORM I VOA 3/90 

w-4 

I· 
I 
I 

1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BETWEEN 
Lab Name: EA LABS 

lab Code: EAENG Case No: 

rMatrix: (soil/water)WATER 

llamPle wt/vol: 5.0 (g/mL) 

Ifevel: (low/med) LOW 

·It Moisture: not dec. ___ _ 

IrC Column:DB-624 

soil Extract volume: 

ID:0.53 (mm) 

(uL) 

contract:29600.09 

ML 

SAS No: SDG No: 

Lab Sample ID: 9515558 

Lab File ID: VF6H249R 

Date Received: 10/26/95 

Date Analyzed: 11/01/95 

Dilution Factor: 

·Soil Aliquot Volume: 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L Q 

71-43-2----------BENzENE; __________________ __ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE;~N~Z~EwN~E.----------------
108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XyLENE, _____________ __ 
91-20-3----------NAPHTHALENE. _______________ _ 

FORM I VOA 

1.0 
1.0 
1.0 
2.0 
1.0 
5.0 

u 
u 
u 

u 
u 

3/90 

(uL) 



CAS NO. 

71-43-2 ---------jZJJ?N~EN 
,..--------TQLUENE 
--...------ETHYLBE 

me--------...ORTRQ X 
91-20-3 -----.---..+ApHT 

I 
I 

lA EPA SAMPLE NO. VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER Lab Name: EA LABS 

Lab Code: EAENG Case No: 

Contract:29600.09 

SAS No: SDG No: 
Matrix: (soil/water)WATER Lab Sample ID: 9515559 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VF6H248R 

Level: (low/mad) LOW Date Received: 10/26/95 
% Moisture: not dec. Date Analyzed: 11/01/95 
GC Column:DB-624 ID:O.53 (rom) Dilution Factor: 

soil Extract volume: (uL) Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L 

71-43-2----------BENZENE: ____________________ _ 
lOS-8S-3---------TOLUENE 
lOO-41-4---------ETHYLBE;~N~Z~E~N~E~--------------
lOa-38-3/106-42-3META & PARA XYLENES ________ _ 95-47-6----------0RTHO XyLENE, ______________ __ 91-20-3----------NAPHTHALENE, ________________ _ 

FORM I VOA 

1 .. 0 
1.0 
1.0 
1.0 
1.0 
5.0 

1 

Q 

U 
U 
U 
U 
U 
U 

3/90 
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Lab Name: EA LA 

1A NO, ., ,. 

I 
JI 

contract: 

I 

lA EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

Lab Name: EA LABS 

Lab Code: EAENG Case No: 

Contract: 

SAS No: 

I 
I 

SOG _N_:_:_
F
_
O
_
RE 
_____ 1• 

lrIatrix: (soil/water) WATER Lab Sample ID: 9515557 

Sample wt/vol: 5.0 (g/mL) HL Lab File ID: VD4E566 

Level: (low/med) 

% :f.1:oisture: not dec. 

GC Column:RTXl 

Soil E):tract Volume: 

CAS NO. 

LOW 

ID:O.53 (mm) 

(uL) 

COft1POUND 

Date Received: 10/26/95 

Date Analyzed: 10/27/95 

Dilution Factor: 10 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ugjL or ug/Kg) ug/L Q 

-----------------TPH, ________________________ _ 13000 

FORM I VOA 3/90 

t 
1 
I 

(uL) 

I 
I 
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I 
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,I 
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1 
1A EPA SAMPLE NO. 

I 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BETWEEN 
Lab Name: EA LABS Contract: 

c ab Code: EAENG Case No: SAS No: SDG No: 

a 

atrix: (soil/water)WATER Lab Sample ID: 9515558 

ample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4E565 

t 

evel: (low/mea) LOW Date Received: 10/26/95 

Moisture: not dec. Date Analyzed: 10/27/95 

C Column:RTXl ID:0.53 (mm) Dilution Factor: 1 

Soil Extract Volume: (-1 'Soil Aliquot Volume: 

1 CAS NO. COMPOUND 
CONCENTRATION UNITS 

@g/L 01: w/W w/L 

Pm 

FORM I VOA 3/90 

I 
I 
I 

lA EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BETWEEN 
Lab Name: EA LABS 

Ilab Code: EAENG Case No: 

Contract: 

SAS No: SOG No: 

Lab Sample ID: 9515558 ,.Il atrix: (soil/water)WATER 

lIample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4E565 .rvel : (low/med) LOW 

. Moisture: not dec. ____ _ 

ID:0.53 IC Column:RTX1 

soil Extract Volume: 

CAS NO. COMPOUND 

(mm) 

(uL) 

Date Received: 10/26/95 

Date Analyzed: 10/27/95 

Dilution Factor: 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

-----------------TPH. ________________________ __ 390 

1 

Q 'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

FORM I VOA 3/90 

CuLl 



. 1, 

Contract: 

case No: SAS No: 

w-w--- 

FOES I voa 

lA 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

EPA SAMPLE NO. 

Lab Name: EA LABS 

Lab code: EAENG Case No: 

Hatrix: (soil/water)WATER 

Sample wt/vol: 5.0 (gjmL) 

Level: (low/med) LOW 

% Moisture: not dec. 

GC Column:RTX1 ID:O.53 (mm) 

soil Extract volume: (uL) 

CAS NO. COMPOUND 

AFTER 
Contract: 

SAS No: SDG No: 

Lab Sample ID: 9515559 

ML Lab File ID: VD4E564 

Date Received: 10/26/95 

Date Analyzed: 10/27/95 

Dilution Factor: 1 

Soil Aliquot Volume: 

CONCENTRATION m'lITS 
(ug/L or ug/Kg) ug/L Q 

-----------------TPH 150 

FORM I VOA 3/90 

(Ui..s) 
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EA Laboratories 19Loveton Circle 
Sparks.MD21152 
Teiephone:410-77l-4920 
Fax410-771-4407 

CA 
December 13, 1995 

Mr. Carl G. Reitenbach, Jr. 
EA Engineering, Science and Technology, Inc. 
15 Loveton Circle 
Sparks, MD 2 1 I52 

Re: Willow Grove (29600.09) 

Dear Mr. Reitenbach: 

Enclosed is our report on the analysis of three water samples collected for the Willow Grove project 

on 21 November 1995. The invoice is included. 

Please contact me if you have any questions or require Cuther information and refer to report 
951S59. Unless other arrangements are made, we reserve the right to dispose of your samples sixty 
(60) days from the date of this letter. We will retain the raw data for seven years from this date. 

Sincerely, 

Natasha K. Sullivan 
Laboratory Project Manager 

enclosure 

I 
I 

EA Laboratories 19loveton Circle 
Sparks. MO 21152 
Telephone: 410-m -4920 
Fax: 410-771-4407 

1 __________________________________ _ 
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Mr. Carl G. Reitenbach, Jr. 
EA Engineering, Science and Technology, Inc. 
15 Loveton Circle 
Sparks, MD 21152 

Re: Willow Grove (29600.09) 

Dear Mr. Reitenbach: 

December 13, 1995 

Enclosed is our report on the analysis of three water samples collected for the Willow Grove project 
on 21 November 1995. The invoice is included. 

Please contact me if you have any questions or require further infonnation and refer to report 
951859. Unless other arrangements are made, we reserve the right to dispose of your samples sixty 
(60) days from the date of this letter. We will retain the raw data for seven years from this date. 

enclosure 

Sincerely, 

Natasha K. Sullivan 
Laboratory Project Manager 



T LABORATORY DATA REPORT 

Prepared for: 

EA Engineering, Science, and Technology, Inc. 
Willow Grove 

Prepared by: 

EA Laboratories 
19 Loveton Circle 

Sparks, MD 21152 

Report 951859 

December 1995 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan 
Site: Willow Grove EA Laboratories Report: 951859 
Project number: 29600.09 Date: 13 December 1995 

This report contains the results of the analysis of three water samples collected on 2 1 November 1995 
in support of the referenced project. 

SAMPLE RECEIPT 

The samples arrived intact by hand at EA Laboratories on 22 November 1995. Upon receipt, the 
samples were inspected and compared with the chain-of-custody record. The samples were then 
logged into the laboratory computer system with assigned laboratory accession numbers and released 
for analysis 

Client SampIe Desknation EA Lab Number 
Before 9516925 
Between 95 16926 
After 95 16927 

Following this narrative section are data qualifiers (Table 1) and the original chain-of-custody. 
Analytical results and quality control information are summarized in the appended data package which 
has been formatted to be consistent with the deliverable requirements of this project. 

QUALITY CONTROL 

The following sections are ordered as the data appears in this report. They contain observations 
made during sample analysis, su mmarize the results of quality control measurements, and address the 
impact on data usability based upon project Data Quality Objectives. For each fractional analysis the 
narrative includes: 

l Sample chronology: This section summarizes the sample history by fraction including the sample 
preparation method and date, analytical method, and analysis date. Anything unusual about the 
samples, digestates, or extracts is identified. Holding time compliance is evaluated in this section. 

l Laboratory method performance: All quality control criteria for method performance must be met 
for all target analytes for data to be reported. These criteria generally apply to instrument tune, 
calibration, method blanks, and Laboratory Control Samples (LCS). In some instances where 
method criteria fail, useable data can be obtained and are reported with client approval. The 
narrative will then include a thorough discussion of the impact on data quality. 
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EA Laboratories 
ANAL YTICAL NARRATIVE 

Client: EA Eng. Science and Tech. 
Site: Willow Grove 
Project number: 29600.09 

Laboratory Project Manager: Natasha K. Sullivan 
EA Laboratories Report: 951859 
Date: 13 December 1995 

This report contains the results of the analysis of three water samples collected on 21 November 1995 
in support of the referenced project. 

SAMPLE RECEIPT 

The samples arrived intact by hand at EA Laboratories on 22 November 1995. Upon receipt, the 
samples were inspected and compared with the chain-of-custody record. The samples were then 
logged into the laboratory computer system with assigned laboratory accession numbers and released 
for analysis. 

Client Sample Designation 
Before 
Between 
After 

EA Lab Number 
9516925 
9516926 
9516927 

Following this narrative section are data qualifiers (Table 1) and the original chain-of-custody. 
Analytical results and quality control information are summarized in the appended data package which 
has been formatted to be consistent with the deliverable requirements of this project. 

QUALITY CONTROL 

The following sections are ordered as the data appears in this report. They contain observations 
made during sample analysis, summarize the results of quality control measurements, and address the 
impact on data usability based upon project Data Quality Objectives. For each fractional analysis the 
lIC1rrative includes: 

• Sample chronology: This section summarizes the sample history by fraction including the sample 
preparation method and date, analytical method, and analysis date. Anything unusual about the 
samples, digestates, or extracts is identified. Holding time compliance is evaluated in this section. 

• Laboratory method performance: All quality control criteria for method performance must be met 
for all target analytes for data to be reported. These criteria generally apply to instrument tune, 
calibration, method blanks, and Laboratory Control Samples (LCS). In some instances where 
method criteria fail, useable data can be obtained and are reported with client approval. The 
narrative will then include a thorough discussion of the impact on data quality. 



9: Three samples were ana 

met. 

EA Laboratories 
ANAL YTICAL NARRATIVE 

Client EA Eng. Science and Tech. 
Site: \vmow Grove 
Project number: 29600.09 

Laboratory Project Manager: Natasha K. Sullivan 
EA Laboratories Report: 951859 
Date: 13 December 1995 

• Sample performance: Quality control field samples are analyzed to determine any measurement 
bias due to the sample matri;·: based on evaluation of matrix spikes (MS), matrix spike duplicates 
(MSD), and laboratory duplicates (D). Ifacceptance criteria are not met, matrix interferences are 
confirmed either by reanalysis or by inspection ofthe LCS results to verify that laboratory method 
performance is in contro!' Data are reported with appropriate qualifiers or discussion, 

AROMATIC VOLATILES BY GC - "VATER (EA9516925 - EA9516927) 

Sample Chronology: Three samples were analyzed for BTEX plus naphthalene on 30 November 
through 01 December 1995 by USEPA SW-846 methods 5030/8020. All specified holding times 

were met. 

Laboratory Method Performance: AU laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: All quality control criteria were met for the reported samples. 

VOLA TILE TOTAL PETROLEUM HYDROCARBONS (VTPH) - WATER (.EA9516925 -
EA9516927) 

Sample Chronology: Three samples were analyzed on 29 November 1995 for gasoline range 
organics (JP-4) by USEPA SW-846 methods S030/S0IS-modified, Ail specified holding times were 

met. 

Laboratory l'v1ethod Performance: Ail laboratory method perfomlance criteria were met for the 
reported samples. 

Sample Performance: AU quality control criteria were met for the reported samples. 

The chromatographic pattern of field sample BEFORE was indicative of gasoline range organics 

as lP-4. 

CERTIFICATION OF RESULTS 

. The Laboratory certifies that this report meets the project requirements for analytical data as stated 
in the ;\nalvtical Task Order (ATO) and the chain-of:custodv. In addition the Laboraton' certifies 

~. '. '" G ~ ". 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: E-4 Eng. Science and Tech. Laboratory Project iManager: Natasha K. Sullivan 
Site: WiIlow Grove EA Laboratories Report: 951859 
Project number: 29600.09 Date: 13 December 1995 

that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness 
specified for this project or as stated in EA Laboratories Quality Assurance program for other than 
the conditions detailed above. Release of the data contained in this report has been authorized by 
the appropriate Laboratory Manager as verified by the following signature. 

&T,7 9 - $0, 
Walter E. .Mille/r. Organics Division iManager 

13 December 1995 
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EA Laboratories 
ANAL YTICAL NARRATIVE 

Client: EA Eng. Science and Tech. 
Site: \ViIlow Grove 
Project number: 29600.09 

Laboratory Project Manager: Natasha K. Sullivan 
EA Laboratories Report: 951859 
Date: 13 December 1995 

that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness 
specified for this project or as stated in EA Laboratories Quality Assurance program for other than 
the conditions detailed above. Release of the data contained in this report has been authorized by 
the appropriate Laboratory Manager as verified by the following signature. 

--.!azu~2~J:t:::::.5f:::::t"t.~~2=~!=-_______ 13 December 1995 
Walter E Miller. Organics Division Manager 



TABLE 1. ORGANIC A.'lALYSIS DATA QUALIFiERS 

ND or tJ Indicates a comp!llmd on rhe target compound list (TeLl was analyzed for but not detected. The sample quantitation limit mum be 
cornered for diludon arul. if a soil sample. for percent mOlsrure. For example. 10 U is used for phenol in water if the sample 
final volume is me protoco(.sp~cified final volume. If a I-w-ID dilution of the extract was necessary. the reported limit is (to x 
!O U) or 100 U. For a SOl! sample. the value is also adJllsted for percent mOIsture. For eumple. if the sample had 24" moisture 
and a 1-10-10 dilution factor. me soil sample quamimtionlimit for phenol (330 VI would be corrected as follows: 

Reported Emit:: (.330 U) )\ df I D 

where: dl" .. dilution facmf == 10 
D "" (100 - % moisture) I 100 (At 24% moisrure. D '" 000-24) I 100 '" 0.76\ 

Reponed limit .. (.>30 Vi x !O f 0.76 "" 4300 U (rounded to two slgmficam figures) 

For soil samples subjected 10 gel permeatlon chromatography (Ope) cleanup procedures. me commet required quantimtion limit 
(CRQL) is also mullip'lle!i by 2 10 account for the faclthat only half of the extrnct is recovered. Nore: If OPC procedures are 
employed. th.:: factor of 2 i5 nol included 111 the dilution factor reponed; a .'1'. is emered for GPe (YIN). 

TR or J indicates an esmrulled value:, This flag is used under the following circumsmnces: I) when estimating a cOIlcelUration for 
tentativelv idl:miried compounds where a 1: I response IS assumed, 2) when the mass spectral and retentIOn time data indicate the 
presence 'or a compound UIIU meets the volatile and semlvo!atile OC/MS identli'lI:alion cmeria, and the result is less than Ihe 
CRQL but gre~[er rnallzero. 3) whell the reEemlon time data indicale the presence of a compound that meets the pesticide/Aroclor 
idemificlI.tiotl crilena and the result is less than the CRQL bUI greater than zero. NOle: the "J" code is nO[ used and the compouru:! 
IS nO[ reported :as being Ideillifled for pesticide! Aroclor results less than the CRQL. if the technical judgemcnr of the pesticide 
reSidue analysis cxp·en dcternllnes Iha! the peaks used for compound identification resulted from instrument noise or other 
interferences (column bleed. solvent contamination. elc.). For exampie. if the sample quantitalion limit is to ug/L but a 
concentration of :; !Jg/L IS calculated. report it as 3 J. The sample quantimuon limit must be adjusted for dilution as discussed for 

the 1I flag 

C This flag applies 10 pesticide results where the identification has been confirmed by GClMS. Single component pesticides with 
concemratiotl equal fo or greater thall HJ ng/uL in the final extract must 1M: contirmed by GC/MS. 

B This flag is u~ed when !he am!.!}'te is found in the assoclaled blank as well as in the sample. It indicales possible/probable billilt 
contamination and wilms the dati user co lake appropriate aclion. This flag is used for a TIC as well /iIS for a p'osilively identified 

TeL compound. 

E This flag idcllIifies compounds whose concentrations e;o;cecd the calibration range of the GCn..1S instrument for Ihat specific 
analysis. This flag docs nut app!ylO pesticides/PCBs analyzed by GC/EC methods. If one or more compounds have II. response 
greater that full scale. the sample or extract must be diluted ami reanalyzed according to !he specIfications i!su::d in the SOW. 
All such compounds with a response greater thall full scale should have a concentration flagged w!!n an "E" on Form I for the 
Original analYSIS. If the dilutIOn of the extract causes any compounds identified in the first arutlysis to be below the calibration 
range in the second analysis. then th~ results of both analyses are reported on separate Forms 1. The Form 1 for the diluted 
sample will hay!! me "DL' Sl.Iftix appended 10 the sample number. NOTE: For tOlal xylem:s. where three Isomers are quantitied 
as two peaks. !he calibration range of each peak is conSIdered separately; e.g .• a diluted analysis IS not reqUired for toml xylenes 
unless the concemf3!IOn of either peak separately exceeds 200 ugfL. 

D This flag idemifies aU compounds identified in the analysis at a secondary diiutJoll factor. If iii sample or extract IS reanalyzed at a 
higher dilution (aclor. as in me c" lIag aMve, me "DL· sum" is appended to the sample number on the Fom\ I for !he diluted 
sample. and all concentration values reponed on Ihat Fomll arc Ilagged with the "D" Ilag. 

A This flag indicates tha.t a TIC is a suspected a1do(..,;;ondensation product. 

X Other specific flags may be required !O properly defme Ihe results. If used, !hey are fully described and such description attached 
to the Sample Data Summary Package and tile Case Narrative. The flags begin by using ·X·. If more Ihat one tlag is required, 
.'1'" and 'Z" arc used. as needed. Fur instance. the 'X' flag might combme me "A". "B". and "D" flags for some sample. 

N [ndicares presumptive evidence of a compound. This tlag is only used for tentatively identified compounds. where the 
identification !s based on a mass spectrnllibrary search. It is applied to all TIC results. For generic chll.l"'.l.crertzatiofl of a TIC. 
such as chlorinated hydrocarbon. the N code is no! used. 

P TIllS flag is IIlsed for GC analyses when mere is greater than 25% difference for detected c:oncemrnlions between the two GC 
columns, The lower of !he twO values is reported on Form 1 and flagged with iii. 'p'. 
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2. CHAIN-OF-CUSTODY 
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Sample Identification 
19 Characters 

I~Aflel~ ! I I I I I I I I I I I I 
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I I i I I I I I I I I I I ! I I I I 

I I I I I I I t I I I I I I t I I I 

I I I I I ! I I I ! I I I I I I I I 

I I I 1'1 I ! I I I I I I I I I I 

I I I ! I I I I 1 I I I I I I I I I 

I I I I I I I ILl I I I I I I I I 

I I I I I I ! I , I I I I I I ii' 

I I ! I I I I I I I ! i I I I I I I 

i I I II I I I I I I I I I I I I I 

I I \ 1\\ I I \ I I I I \ \ I \ \ 

I I I I I I I I I I I I I I I I I I 

I I \ I I I 111 I I I 11 I I I I 

- ...... \,. 
.. - - - --

Chain of Custody Record 

~UverabIaI: , 
l!)2 3.4 o(D 

EDD:Y~ 
DUETocuem I'd. )r3lqs 

Remarks 

Relinquished by: (Slgnafura) Datell1me Recelved by laboratory: (Signature) Oatel1lma Alrblll Number: Samp\a Shipped by: (Cildt) 

Ii. f Fed Ex. Pure. UPS 

COOIerTemp • ...LC pH:OVH []No Commenta: '\.f)~::' CUatodySeUlntId l Iv .. mNo ~~~:~' 
NOTE: Please indicate method number for analyses requested. ThIs will help clarify My qUfJstloo8 with Iabomtol)' techniques. Other. 

WHITE-EA Laboratories YEUO\V-EA lab(lratolies PINK-ProleGt Manaqer 



3. ORGANIC DATA 
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3. ORGANIC DATA 



A. ATA A AROMATIC VOLATILES DATA 
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1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

c ab Name: EA LABS Contract: 
BEFORE 

a ab Code: EAENG Case No: SAS No: SDG No: 

atrix: (soil/water)WATER Lab Sample ID: 9516925F 

B 
ample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D036F 

Level: (low/med) LOW Date Received: 11/22/95 

I 
Moisture: not dec. Date Analyzed: 12/01/95 

GC Column:RTX502.2 ID:0.53 (mm) Dilution Factor: 1 

(I 
oil Extract VOlUnE?: (UL) Soil Aliquot Volume: 

I 
8 
I . . 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

tug/L or w/W w/L 

71-43-2 ----------BENZENE 140 
108-88-3 ---------TOLUENE 14 
100-41-4 ---------ETHYLBEmNE 340 
108-38-3/106-42-3META & PARA XYLENES 330 
95-47-6 ----------ORTHO XYLENE 16 
91-20-3 ----------NAPHTHALENE 480 

Q 

I 

w-4 

FORM I VOA 3/90 

I 
I 
lab 

1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BEFORE 
Name: EA LABS Contract: 

Ifab Code: EAENG Case No: SAS No: SDG No: 

Ilatrix: (soil/water)WATER Lab Sample ID: 9516925F 

,amPle wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D036F 

Level: (low/med) 

II Moisture: not dec. 

LOW Date Received: 11/22/95 

Date Analyzed: 12/01/95 

ID:0.53 (rom) Dilution Factor: GC Column:RTX502.2 

lIoil Extract Volume: (uL) Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L 

71-43-2----------BENzENE ____________________ _ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE·~N=Z=E~N=E----------------

108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

140 
14 

340 
330 

16 
480 

1 

Q I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I FORM I VOA 3/90 

I 

CuLl 



I 
I 1A 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 
EPA SAMPLE NO. 

Lab Name: EA LABS 

Lab Code: EAENG 

Contract: BETWEEN JI --Case No: SAS No: SOO No: 
Matrix: (soil/water}WATER Lab Sample ID: 95~6926F 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7DOJ2F 
Level: (low/med) LOW Date Received: ~~/22/95 

% Moisture: not dec. Date Analyzed: 12/01/95 
GC Column:RTX502.2 ID:O.53 (rom) Dilution Factor: 1 
Soil Extract Volume: (uL) Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L Q 

71-43-2----------BENzENE: ____________________ _ 
l08-88-3---------TOLUENE 
lOO-41-4---------ETHYLBE:~N~Z~E~N~E~---------------l08-38-3/106-42-3META & PARA XYLENES ________ _ 95-47-6----------0RTHO XyLENE ______________ __ 91-20-3----------NAPHTHALENE ________________ __ 

FORI1 I VOA 

1.0 U 
1.0 U 
~.O U 
1.0 U 
1.0 U 
5.0 U 

3/90 

I 
I 
I 
~I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1A 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

B Lab Name: EA LABS Contract: 

EPA SAMPLE NO. 

AFTER 

I Soil 

II 

II 

1 

0 

I 

1 

I 

B 

I 

T 
Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: 9516927F 

I 
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D030F 

Level: (low/med) LOW Date Received: 11/22/95 

% Moisture: not dec. Date Analyzed: 11/30/95 

GC Column:RTX502.2 ID:O.53 Dilution Factor: 1 

Extract Volume: Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND tug/L or w/Kg) w/L Q 

71-43-2-s--- -----BENZENE 
108-88-3 --------JJ'OLUENE 
100-41-4 ---------ETHYLBENZENE 
108-38-3/106-42-3META Ei PARA XYLENES 
95-47-6 ----------ORTHO XYLENE 
g1-20-3------ ----NAPHTHALENE 

I 
I 
I 

FORM I VOA 3/9Q 

WJ) 

I 
I 1A EPA SAMPLE NO. 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

I Lab Name: EA LABS 

ILab Code: EAENG Case No: 

Matrix: (soil/water)WATER 

I Sample wt/vol: 

Level: (low/med) 

11% Moisture: not dec. 

GC Column:RTX502.2 

IIsoil Extract Volume: 

5.0 (g/mL) 

LOW 

ID:0.53 (rom) 

(uL) 

AFTER 
Contract: 

SAS No: SDG No: 

ML 

Lab Sample ID: 9516927F 

Lab File ID: VG7D030F 

Date Received: 11/22/95 

Date Analyzed: 11/30/95 

Dilution Factor: 

Soil Aliquot Volume: 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L Q 

71-43-2----------BENzENE ____________________ __ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE'~N~Z~E~N~E~---------------

108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FORM I VOA 

1.0 
1.0 
1.0 
1.0 
1.0 
5.0 

U 
U 
U 
U 
U 
U 

3/90 

(uL) 



lA EPA SAMPLE 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

VBLKI 
Lab Name: EA LABS Contract: 

Lab Code: EAENG Case No: SAS No: SOG No: 

Hatrix: (soil/water) \'-IATER Lab Sample ID: VG7D029F 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D029F 

Level: (low/med) LOW Date Received: I / 

% Moisture: not dec. Date Analyzed: 11/30/95 

GC Column:RTX502.2 ID:O.53 (rom) Dilution Factor: 1 

soil Extract Volume: (uL) Soil Aliquot Volume: 

CONCENTRATION mUTS 
CAS NO. COMPOUND (ugjL or ug/Kg) 

71-43-2----------BENZENE ____________________ _ 
l08-88-3---------TOLUENE 
100-41-4---------ETHYLBE~N~Z~E~N~E----------------

108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XyLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FORM I VOA 

ug/L Q 

1.0 U 
1.0 U 
1.0 U 
1.0 U 
1 .. 0 U 
5.0 U 

3/90 

I 

NO. I 

/1 
I 
I 
I 

(1L) I , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



B. TPH GRO DATA 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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B. TPH GRO DATA 



1A 
0~~~~~ ALY 

Lab Name: EA LA contract: 

SAS No: SD 

--....-------.----.-..-Tp~ I 6300 I 

I 
1A 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 
EPA SAMPLE NO. I 

I BEFORE 
Lab Name: EA LABS contract: 

Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: 9516925 I 
sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4E735F I 
Level: (low/med) LOW Date Received: 11/22/95 

% Moisture: not dec. Date Analyzed: 11/29/95 I 
GC Column:RTXl ID:O.53 (mm) Dilution Factor: 1 

Soil Extract Volume: (uL) Soil Aliquot Volume: CULll 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L Q 1 
-----------------TPH 6300 

\ I 
I 
I 
I 
I 
I 
I 
I 
I 

FOHH I 'lOA 3/90 I 
I 



1 
I Lab Name: EA LABS 

VOLATILE COMPOUNDS O&NICS ANALYSIS 

Contract: 

SHEET 
EPA SAMPLE NO. 

BETWEEN 
I 

I Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: 9516926 

I 
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4E738F 

Level: (low/med) LOW Date Received: 11/22/95 

% Moisture: not dec. Date Analyzed: 11/29/95 

GC Column:RTXl ID:0.53 (mm) Dilution Factor: 1 

I Soil Extract Volume: (UL) 

- 

Soil Aliquot Volume: (UL) 

CAS NO. COMPOUND 

---a-------------TpH 

CONCENTRATION UNITS 
fug/L 01: ug/W q/L Q 

140 
I 

FORM I VOA 3/90 

I 
I 1A EPA SAMPLE NO. 

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

I Lab Name: EA LABS Contract: 
BETWEEN 

I Lab Code: EAENG Case No: 

Matrix: (soil/water)WATER 

SAS No: SOG No: 

Lab Sample ID: 9516926 

I Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4E738F 

Level: (low/med) LOW Date Received: 11/22/95 

11% Moisture: not dec. Date Analyzed: 11/29/95 

GC Column:RTX1 ID:0.53 (mm) Dilution Factor: 1 

ISOil Extract Volume: (uL) Soil Aliquot Volume: (uL) 

CONCENTRATION UNITS 

I CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q 

I 
-----------------TPH 140 

I 
I 
I 
I 
I 
I 
I 
I 
I FORM I VOA 3/90 

I 



VOLATILE COMPOUNDS 

Lab Name: EA LABS 

Lab Code: EAENG Case No: 

r>latrix: (soil/water) WATER 

Sample wt/vol: 5.0 (g/mL) 

Level: (low/med) LOW 

% Moisture: not dec. 

GC Column:RTX1 ID:O.53 (rom) 

Soil Extract volume: (UL) 

CAS NO. COMPOUND 

lA 
ORGANICS 

contract: 

SAS No: 

ML 

EPA SAMPLE 
ANALYSIS SHEET 

AFTER 

SOG No: 

Lab Sample ID: 9516927 

Lab File ID: VD4E739F 

Date Received: 11/22/95 

Date Analyzed: 11/29/95 

Dilution Factor: 1 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L Q 

-----------------TPH ________________________ _ 100 

FOR'M I VOA 3/90 

I 

l'lO. I 

II 
I 
I 
I 

(U:"j I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



:I 
1 

1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

VBLKl 
Lab Name: EA LABS Contract: 

Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: I (soil/water)WATER Lab Sample ID: VD4E732 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4E732F 

u 
Level: (low/mea) LOW Date Received: /' / 

% Moisture: not dec. Date Analyzed: 11/29/95 

E 
C Column:RTXl ID:0.53 (mm) Dilution Factor: 1 

Soil Extract Volume: t-1 

I 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND tug/L or w/Kg) ug/L Q 

I I 

------mm---------TpH 100 u 

I 

I 

N 

1 

I 

a 

I 

8 

I 
FORM I VOA 3/90 

I 

I 

(W 

I 
I 

1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

IILab Name: EA LABS 

Lab Code: EAENG Case No: 

Contract: 

SAS No: 

VBLK1 

SDG No: 

Lab Sample ID: VD4E732 IMatrix: (soil/water)WATER 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4E732F 

ILevel: (low/med) 

% Moisture: not dec. 

J;c Column:RTX1 

Soil Extract volume: 

I 
CAS NO. 

LOW 

ID:0.53 

COMPOUND 

(mm) 

(uL) 

Date Received: /' / 

Date Analyzed: 11/29/95 

Dilution Factor: 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

1 

Q 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-----------------TPH, ________________________ __ 100 \U 

FORM I VOA 3/90 

I 

(uL) 



EA Laboratories 19lolletoo Circle 
Sparks. MD 21152 
Telephone: 4 tI}. 771-4920 
Fax: 410·m·441J7 

I 
I 

-----------------------------------1 
, X • 

:Mr. Carl G. Reitenbach, Jr. 
EA Engineering, Science and Technology, Inc. 
15 Loveton Circle 
Sparks, :MD 21152 

Re: Willow Grove (29600.09) 

Dear Mr. Reitenbach: 

April 10, 1996 

Enclosed is our report on the analysis of two water samples collected for the Willow Grove project 
on 27 IVtarch 1996. The invoice is included. 

Please contact me if you have any questions or require further information and refer to report 
960429. Unless other arrangements are made, we reserve the right to dispose of your samples six'ty 
(60) days from the date of this letter. We win retain the raw data for seven years from this date. 

enclosure 

Sincerely, 

~ftff:S '/Itt/;. 
Natasha K. Sullivan 
Laboratory Project Manager 

I , , 
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EA Engineering, Science, and Technology, Ink. 
Willow Grove 

LABORATORY DATA REPORT 

Prepared for: 

Prepared by: 

EA Laboratories 
19 Loveton Circle 

sparks, MD 21152 

Report 960429 

April 1996 
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EA Engineering, Science, and Technology, Inc. 
Willow Grove 

Prepared by: 

EA Laboratories 
19 Loveton Circle 

Sparks, MD 21152 

Report 960429 

April 1996 



1. NARRATIVE 

2. CHAIN OF CUSTODY 

TABLE OF CONTE1\TTS 
Willow Grove 
Report 960429 

3. AROMATIC VOLATILES DATA 

A. QC Summary 

1. Laboratory Control Sample 
2. I\'Iethod Blank 

B. Sample Data 

1. Data for Sample BEFORE 
2. Data for Sample AFTER 

4. TPH as JET FUEL DATA 

A. QC Summary 

1. Laboratory Control Sample 
2. Method Blank 

B. Sample Data 

1. Data for Sample BEFORE 
2. Data for Sample AFTER 
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EA Laboratories 
ANAL YTICAL NARR,t\.TI"VE 

CHent: EA Eng. Science and Tech. 
Site: \ViUow Grove 
Project number: 29600.09 

Laboratory Project Manager: Natasha K. Sullivan 
EA Laboratories Report: 960429 
Date: 10 April 1996 

This report contains the results of the analysis of two water samples collected on 27 March 1996 in 
support of the referenced project. 

SAMPLE RECEIPT 

The samples anived intact by Federal Express at EA Laboratories on 29 March 1996. Upon receipt, 
the samples were inspected and compared with the chain-of-custody record. The samples were then 
logged into the laboratory computer system vllith assigned laboratory accession numbers and released 
for analysis. 

Client SamJlI.e Designation 
Before 
After 

EA Lab Number 
9603801 
9603802 

Following this narrative section are data qualifiers (Table 1) and the original chain-of-custody. 
Analytical results and quality control information are summarized in the appended data package which 
has been formatted to be consistent \\rith the deliverable requirements oftrus project. 

QUALITY CONTROL 

The following sections are ordered as the data appears in this report. They contain observations 
made during sample analysis, summarize the results of quality control measurements, and address the 
impact on data usability based upon project Data Quality Obj~ctives. For each fractional analysis the 
narrative includes: 

• Sample chronology: This section summarizes the sample history by fraction including the sample 
preparation method and date, analytical method, and analysis date. Anything unusual about the 
samples, digestates, or extracts is identified. Holding time compliance is evaluated in this section. 

• Laboratory method performance: All quality control criteria for method perfonnance must be met 
for all target analjrtes for data to be reported. These criteria generally apply to instrument tune, 
calibration, method blanks, and Laboratory Control Samples (LCS). In some instances where 
method criteria fail, useable data can be obtained and are reported with client approval. The 
narrative will then include a thorough discussion of the impact on data quality. 

• Sample perfonnance: Quality control field samples are analyzed to determine any measurement 

r 
1 
\ 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Suiiivan 
Site: Willow Grove EA Laboratories Report: 960429 
Project number: 29600.09 Date: 10 April 1996 

bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates 
(MSD), and laboratory duplicates (D). Ifacceptance criteria are not met, matrix interferences are 
confirmed either by reanalysis or by inspection of the LCS results to verifjt that laboratory method 
performance is in control. Data are reported with appropriate qualifiers or discussion. 

AROMATIC VOLATILES BY GC - WATER (EA9603801, EA9603802) 

Sample Chronology: Two samples were analyzed on 1, 2 and 3 April 1996 for BTEX plus 
naphthalene by USEPA SW-846, Methods 5030/8020. All specified holding times were met. 

The batch matrix spikes and matrix spike duplicates were analyzed on other client’s samples. 

Sample BEFORE required a 2X diiution in order to achieve concentrations of target anaiytes 
within calibration range. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: Ail quality control criteria were met for the reported samples. 

VOLATILE TOTAL PETROLEM HYDROCARBONS (VTPH) by GC - WATER 
(EA9603801, EA9603802) 

Sample Chronology: Two samples were analyzed on 2 and 3 April 1996 for Gasoline Range 
Organics (GRO) as JP-4 by USEPA SW-846, Methods 5030/8015-Modified. All specified 
holding times were met. 

Sample BEFORE required a 5 dilution in order to achieve concentrations of target analytes within 
calibration range. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported sample. 

Sample Performance: All quality control criteria were met for the reported sample. 

The chromatographic pattern of sample BEFORE appears to be indicative of JP-4 fuel as well as 

I 
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EA Laboratories 
ANALYTICAL NARRATIVE 

Client: EA Eng. Science and Tech. 
Site: Willow Grove 
Project number: 29600.09 

Laboratory Project Manager: Natasha K. Sullivan 
EA Laboratories Report: 960429 
Date: 10 April 1996 

bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates 
(MSD), and laboratory duplicates (D). Ifacceptance criteria are not met, matrix interferences are 
confinned either by reanalysis or by inspection of the LCS results to verify that laboratory method 
performance is in control. Data are reported with appropriate qualifiers or discussion. 

AROMATIC VOLATILES BY GC - WATER (EA9603801, EA9603802) 

Sample Chronology: Two samples were analyzed on 1, 2 and 3 April 1996 for BTEX plus 
naphthalene by USEP A SW -846, Methods 5030/8020. All specified holding times were met. 

The batch matrix spikes and matrix spike duplicates were analyzed on other client's samples. 

Sample BEFORE required a 2X dilution in order to achieve concentrations of target analytes 
within calibration range. 

Laboratory Method Performance: All laboratory method perfonnance criteria were met for the 
reported samples. 

Sample Performance: All quality control criteria were met for the reported samples. 

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VTPH) by GC - WATER 
(EA9603801, EA9603802) 

Sample Chronology: Two samples were analyzed on 2 and 3 April 1996 for Gasoline Range 
Organics (GRO) as JP-4 by USEPA SW-846, Methods 5030/BOI 5-Modified. All specified 
holding times were met. 

Sample BEFORE required a 5 dilution in order to achieve concentrations of target analytes within 
calibration range. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported sample. 

Sample Performance: All quality control criteria were met for the reported sample. 

The chromatographic pattern of sample BEFORE appears to be indicative of JP-4 fuel as well as 



EA Laboratories 
A.NAL,tICAL NARRATIVE 

Client: E..-\ Eng. Science and Tech. 
Site: ",·mow Grove 
Project number: 29600.09 

a heavier petroleum product. 

CERTIFICATION OF RESULTS 

Laboratory Project Manager: Natasba K. Sullivan 
EA Laboratories Report: 960429 
Date: 10 April 1996 

The Laboratory certifies that this report meets the project requirements for analytical data as stated 
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory certifies 
that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness 
specified for this project or as stated in EA Laboratories Quality Assurance program for other than 
the conditions detailed above. lease of the data contained in this report has been authorized by 
the a pn e L boratory 'ianager as verified by the following signature. 

\--~~~..p,'~"","",,--i:-;L-++---7't:;..------ 1 0 April 1996 
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2. Cm-OF-CUSTODY 
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I I 

Company Name: Project Manager or Contact: Paramators/Method Numbers for Analysis 
1);' (.~!(. o.,t.AJ'~h;,It 

Chain of Custody Record 
-U£~ /UI}J/ Phona: /JIJ/· r7J-c) Q \.., 

Project NOod?fr 00 or; Project Nama: ~tl\ .p 
(,J ·llctlCtol!l·"'t~ ""( 

Dept.: ~.S- Task: § 6 1.1 ~p 1:1: (} 
Sample Storage location: ATO Number: ~ 

VOn Lot ~r ~ k;: 
:r=a=ge===of=J=::IR:apo=rt:.:: =9::lfO=tYi.=:Z:~ 9==::::====: j ~ ,'Y' 

J "0 
Data Time ;> rn 

I~ In jif}.O ('( 

Samplo Identification 
19 Characters 

~~IP!I:~~I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I 

I ! I I I I I I I I I I I ! I ! I I 

I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I ! I I 

I I I I I I I I I I I I I I I I I I 

I I I I I I i I I I I I I I I I I I 

! I I I I I I II I I I I I I I I I 

I I I I I I I I I I I I I ! I I I I 

I I I I I I I I I I I I I I I I I I 

I I I I I 1 1 I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I i I I I I 

I I I I I I I I I I I I I I I I I I 

! I I I I I I I I I I I I I I I I I 

I I I I i I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I 

I I I I \ I I I I I , I I I I I I 

8 + it 
~ ~~ 
z ~ \::: 

Report lP" bIn! /::.:1 
1 2 3 .. D~ 

EDD:~ 0 '.1_ 
OUETOCUem Ii/Qjct6 

EAlaba 
AccessIon 
Number Remarks 

~b D"3 ~ 0 I )1l9l b tl~ LPM: MEAl NfS 

.... , 



3. AROIMATIC VOLATILES DATA 

I 
I 
I 
I 
I 
I 
I 
I 3. AROMATIC VOLATILES DATA 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



·1 
I 
I 
I 
I 
I 
I 

A. QC Summary I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



LCS RECOVERY REPORT 

EA LABORATORIES I LAB NAME: 

INSTRUMENT : VG7 

I SAMPLE ID: GV3063A 

ANALYST: SSB 

E 

1 

SPIRE COMPOUND 

DATA FILE: VG7D617F 

DATE: 04/02/96 

MATRIX: WATER 

% MOISTURE: 0 

SPIKE SAMPLE 
ADDED CONC. 

%REC. 

Benzene 100 116.030 116 
Chlorobenzene 100 128.080 128 
Toluene 100 121.210 121 

Benzene 
Chlorobenzene 
Toluene 

CURRENT VOLATILE LCS LIMITS 

WATER 
87 - 121 
81 - 133 
81 - 125 

SOIL 
87 - 119 
75 - 119 
82 - 117 

1 

LCS is outside limits, a non-conformance form is required. 

e LCS has been checked and i /outside current limits. 

P 
!3\91, N.A. 

x ALYST ,+j ' 4 * DATE Non-conformance form # 

I 
I 
I LAB NAME: EA LABORATORIES 

INSTRUMENT: VG7 

ISAMPLE ID: GV3063A 

ANALYST: 

I 
SSB 

SPIKE COMPOUND 

Benzene 
Chlorobenzene 
Toluene 

LCS RECOVERY REPORT 

SPIKE 
ADDED 

100 
100 
100 

DATA FILE: VG7D617F 

DATE: 04/02/96 

MATRIX: WATER 

% MOISTURE: o 

SAMPLE 
CONC. 

%REC. 

116.030 
128.080 
121. 210 

116 
128 
121 

I 
I 
I 
I 
I CURRENT VOLATILE LCS LIMITS 

I 
I 
I 
I 

Benzene 
Chlorobenzene 
Toluene 

WATER 
87 - 121 
81 - 133 
81 - 125 

SOIL 
87 - 119 
75 - 119 
82 - 117 

lFeLCS is outside limits, a non-conformance form is required. 

~ LCS has been checked and i~/outside current limits. 

N.A. 
I • DATE Non-conformance form # 

I 
I 



ILE LCS LINITS 

87 - 121 
81 - 133 
82 - 125 

LAB NAME: EA LABORATORIES 

INSTRUMENT: VG7 

SAMPLE ID: GV3060A 

ANALYST: SSB 

SPIKE COMPOUND 

Benzene 
Chlorobenzene 
Toluene 

Les RECOVERY REPORT 

SPIKE 
ADDED 

100 
100 
100 

DATA FILE: VG7D593F 

DATE: 04/01/96 

MATRIX: WATER 

% MOISTUP..E: 0 

SAMPLE 
CONC. 

110.940 
116.180 
115.190 

%REC. 

111 
116 
115 

CURRENT VOLATILE LCS LIMITS 

Benzene 
Chlorobenzene 
Toluene 

WATER 
87 - 121 
81 - 133 
81 - 125 

SOIL 
87 - 119 
75 - 119 
82 - 117 

If Les is outside limits, a non-conformance form is required. 

The Les has been checked and is ~outside current limits. 

,;.rTALYST ,J I DATE 
N.A. 

Non-conformance form :# 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET . 

I 
Lab Name: EA LABS Contract: 

VBLKl 

Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: VG7D595F 

I Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D595F 

Level: (low/med) LOW Date Received: / / 

I % Moisture: not dec. Date Analyzed: 04/01/96 

I 

GC Column:DBVRX ID:0.53 (mm) Dilution Factor: 1 

Soil Extract Volume: (UL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND tug/L or uWW w-'L Q 

(-1 

71-43-2 ----------BENZENE 
108-88-3 ---------TOLUENE 
100-41-4 ---------ETHYLBENZENE 
108-38-3/106-42-3META & PARA XYLENES 
95-47-6 ----------ORTHO XYLENE 
91-20-3 ----------NAPHTHALENE 

1.0 
1.0 
1.0 
1.0 
1.0 
5.0 

U 
U 
u 
U 
U 
U 

FORM I VOA 3/90 

I lA EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

Contract: 
VBLK1 I 

Lab Name: EA LABS 

ILab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: VG7D595F 

IsamPle wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D595F 

Level: (low/med) LOW Date Received: / / 

1% Moisture: not dec. Date Analyzed: 04/01/96 

Dilution Factor: 

I
GC Column:DBVRX ID:0.53 

Soil Extract Volume: 

(rom) 

(uL) Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L 

71-43-2----------BENzENE ____________________ __ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE·~N=Z=E=N=E~---------------
108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE, ______________ __ 
91-20-3----------NAPHTHALENE, ________________ _ 

1.0 
1.0 
1.0 
1.0 
1.0 
5.0 

U 
U 
U 
U 
U 
U 

1 

Q I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

FORM I VOA 3/90 

I 

(uL) 



lA 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

EPA SAMPLE NO. I 
Lab Name: EA LABS contract: VBLK2 il -,-' 
Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: VG7D619F 

Sample wt/vol: 

Level: (low/med) 

% Moisture: not dec. 

5.,0 

LOW 

(g/mL) 

GC Column:DBVRX ID:0.53 (mm) 

(uL) Soil Extract Volume: 

ML Lab File ID: VG7D619F 

Date Received: / / 

Date Analyzed: 04/02/96 

Dilution Factor: 1 

Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L Q 

71-43-2----------BENZENE 
l08-88-3---------TOLUENE-----------------------
lOO-4l-4---------ETHYLBENZENE 
108-38-3/106-42-3META & PARA ~X~Y~L~E~N~E~S---------

95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

FORM I VOA 

1. 0 U 
1.0 U 
1..0 U 
1.0 U 
1..0 U 
5.0 U 

3/90 

! 

I 
I 
I 

(LJ , 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



8 
8 
8 
8 
8 
8 

‘I 
8 
8 

8 

8 

8 

8 

8 

8 

8 

B. Sample Data 

I 
I 
I 
I 
I 
I 
I 
I B. Sample Data 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



71-43-2 -------- --BEqZEq 
---------TC?LUENE 
---------ETMYLBE 
~~~~-4~-~~E~A & 

95-47-6 ..---------ORTHQ 
91-20-3 ----------NAPKT 

I lA EPA SAMPLE 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

NO. 

-_II BEFORE 
Lab Name: EA LABS Contract: 

Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water) WATER Lab Sample ID: 9603801F 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D642F 

Level: (low/med) LOW Date Received: 03/29/96 

% Moisture: not dec. Date Analyzed: 04/03/96 

GC Column:DBVRX ID:0.53 (nun) Dilution Factor: 1 

Soil Extract Volume: (uL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q 

71-43-2----------BENZENE __________ _ 
l08-88-3---------TOLUENE 
lOO-41-4---------ETHYLBE~N~Z~E~N~E~-------------

l08-38-3/1.06-42-3META & PARA XYLENES ____ _ 
95-47-6----------0RTHO XYLENE 
91-20-3----------NAPHTHALENE --------

FOm! I VOA 

150 
1.0 U 

540 E 
570 E 

49 
600 E 

3/90 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



8 
Lab Name: EA LABS 

1A EPA SAMPLE Ni. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET , -. 

Contract: 
BEFOREDL 

1 Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: 9603801D 

1 Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D624F 

Level: 

I 

(low/med) LOW Date Received: 03/29/96 

% Moisture: not dec. Date Analyzed: 04/02/96 

GC Column:DBVRX 'ID:0.53 (mm) Dilution Factor: 2 

I Soil Extract Volume: (UL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (w/L or UWW w/L Q 

'71-43-2 ----------BENZENE 140 
108-88-3 -----mm---T()LUENE 2.0 
100-41-4 ---------ETHYLBENZENE 420 
108-38-3,'106-42-3META t PARA XYLENES 450 
95-47-6----------0RTHO XYLENE 23 
91-20-3 ----------NAPHTHALENE 390 

FORM I VOA 3/90 

lA EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

I BEFOREDL 
Lab Name: EA LABS Contract: 

ILab Code: EAENG Case No: SAS No: SOG No: 

Matrix: (soil/water)WATER Lab Sample ID: 96038010 

IsamPle wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D624F 

Level: (low/med) LOW 

1% Moisture: not dec. 

Date Received: 03/29/96 

Date Analyzed: 04/02/96 

ID:0.53 Dilution Factor: 

I
GC Column:DBVRX 

Soil Extract Volume: 

(rom) 

(uL) Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L 

71-43-2----------BENzENE ___________________________ ___ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE'~N~Z~E~N~E~-------------------

108-38-3/106-42-3META & PARA XYLENES _________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE _________________ _ 

140 
2.0 

420 
450 

23 
390 

U 

2 

Q I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

FORM I VOA 3/90 

(uL) 



2 ---------- E 
-~.,‘----.-- E 
-4 --------- E~~~~E 

P ~~~~~~~~ 
95-47-6 ----------ORTHO 
91-20-3 ----------~~~H~ 

FO I VOA 

1A EPA SAMPLE NO. I 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER 
Lab Name: EA LABS Contract: 

Lab Code: EJI ... ENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: 9603802F 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D600F 

Level: (low/rued) LOW Date Received: 03/29/96 

% Moisture: not dec. Date Analyzed: 04/01./96 

GC Column:DBVRX ID:O.53 (mm) Dilution Factor: 

soil Extract Volume: (uL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ug/L or ug/Kg) 

71-43-2----------BENzENE ____________________ _ 
lOB-88-3---------TOLUENE 
lOO-41-4---------ETHYLBE~N=Z=E=N=E~--------------

108-3B-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XyLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

ug/L 

1.0 U 
1.0 U 
1.0 U 
1.0 U 
1.0 U 
5.0 U 

1 

Q 

FORM I VOA 3/90 

I 
I 
I 
I 

(UL~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



4. TFS as JET FUEL DATA 

I 
I 
I 
I 
I 
I 
I 4. TPH as JET FUEL DATA 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



, I 
I 
I , 
I 
I 
I 

A. QC Summary \ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



LCS RECOVERY REPORT 

1 IA3 NAME: EA LABORATORIES 

INSTRUMENT: VD4 

I SAMPLE ID: GV3065 

ANALYST: SSB 

I 

SPIKE COMPOUND 

DATA FILE: VD4F504 ' 

DATE: 04/02/96 

MATRIX: WATER 

% MOISTURE: 0 

SPIKE SAMPLE 
ADDED CONC . 

%REC. 

I TPH 500 449.000 90 

I 

I 

I CURRENT VOLATILE LCS LIMITS 

1 

WATER SOIL 
TPH 50 - 150 50 - 150 

1 

I 

I 

f LCS is outside limits, a non-conformance form is required. 

he LCS has been checked and is outside current limits. 

N.A. 
Non-conformance form t 

I 
I 

I 
I 
I LAB NAME: EA LABORATORIES 

INSTRUMENT: VD4 

I SAMPLE ID: GV3065 

ANALYST: SSB 

I 
I 

SPIKE COMPOUND 

I TPH 

I 
I 

LCS RECOVERY REPORT 

SPIKE 
ADDED 

500 

DATA FILE: VD4F504 

DATE: 04/02/96 

MATRIX: WATER 

% MOISTURE: 0 

SAMPLE 
CONC. 

449.000 

%REC. 

90 

I CURRENT VOLATILE LCS LIMITS 

I 
I 
I 
I 

TPH 
WATER 

50 - 150 
SOIL 

50 - 150 

If LCS is outside limits, a non-conformance form is required. 

~he LCS has been checked and is~~outside current limits. 

I firli lW 

I 
I 

/1. J 

! U'v\i L" 
J 

4 N.A. 
DATE Non-conformance form # 



TPH 
SOIL 

5Q - 150 

LAB NAME: EA LA.BOP.P.TORIES 

INSTRUMENT: VD4 

SAMPLE ID: GV3066 

ANF .. LYST: SSB 

SPIKE COMPOUND 

TPH 

LCS RECOVERY REPORT 

SPIKE 
ADDED 

500 

DATA FILE: VD4F513 

DATE: 04/03/96 

MATRIX: WATER 

% MOISTURE: 0 

SAMPLE %REC. 
CONe. 

426.000 85 

CURRENT VOLATILE LCS LIMITS 

TPH 
WATER 

50 - 150 
SOIL 

50 - 150 

If LCS is outside limits, a non-conformance form is required. 

The LCS has been checked and is~outside current limits. 

N.A. 
Non-conformance form if 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1 1A 
vozmmz COMPOUNDS ORGANICS ANALYSIS SHEET 

EPA SAKPLE Nd. 

VBLKl 
Lab Name: EA LABS Contract: 

Lab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: VD4F505 

I Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4F505 

Level: 

I 

(low/mea) LOW Date Received: / / 

% Moisture: not dec. Date Analyzed: 04/02/96 

I 
GC Column:RTXl ID:0.53 (mm> "Dilution Factor: 1 

Soil Extract Volume: (UL) Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (w/L or w/W) w/L Q 

-----------------TpH I 100 --/u 

FORM I VOA 3/90 

(UL) 

I lA EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

I Lab Name: EA LABS 

ILab Code: EAENG Case No: 

Matrix: (soil/water)WATER 

IsamPle wt/vol: 5.0 (g/mL) 

Level: (low/med) LOW 

I % Moisture: not dec. 

I
GC Column:RTXl ID:0.53 

Soil Extract Volume: 

CAS NO. COMPOUND 

(mm) 

(uL) 

VBLKI 
Contract: 

ML 

SAS No: SDG No: 

Lab Sample ID: VD4F505 

Lab File ID: VD4F505 

Date Received: / / 

Date Analyzed: 04/02/96 

Dilution Factor: 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

-----------------TPH, ________________________ __ 100 

1 

Q I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

FORM I VOA 3/90 

(uL) 



FORM I VOA 

I 
I 
1 

VOIATILE COMPOUNDS 

Lab Name: EA LABS 

Lab Code: EAENG Case No: 

11atrix: (soil/water) WATER 

Sample wt/vol: 5.0 (g/mL) 

Level: (low/med) LOW 

% Moisture: not dec. 

GC Column:RTXl 10:0.53 (mm) 

Soil Extract Volume: (uL) 

CAS NO. COMPOUND 

lA EPA SAMPLE 
ORGANICS ANALYSIS SHEET 

VBLK2 
Contract: 

SAS No: SDG No: 

Lab Sample ID: VD4F514 

r.1L Lab File ID: VD4F514 

Date Received: / 1 
Date Analyzed: 04/03/96 

Dilution Factor: 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

1 

Q 

-----------------TPH ________________________ __ 100 

FORM I VOA 3/90 

NO. I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



B. Sample Data 

I 
I 
I 
I 
I 
I 
I 
I B. Sample Data 

I 
I 
I 
I 
I 
I 

·1 
I 
I 
I 
I 



--m-w--- --.....----d-ppH 

lA EPA SAMPLE NO. I 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

BEFORE 
Lab Name: EA :rABE Contract: 

Lab Code: EAENG Case No: SAS No: SDG No: 

r'!atrix: (soil/water) WATER Lab Sample ID: 9603801 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4F518 

Level: (low/med) LOW 

% Moisture: not dec. 

GC Column:RTXl ID:O.53 

soil Extract Volume: 

CAS NO. COMPOUND 

(mm) 

(uL) 

Date Received: 03/29/96 

Date Analyzed: 04/03/96 

Dilution Factor: 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L 

-----------------TPH ________________________ __ 18000 

5 

Q 

FORM I VOA 3/90 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



1A 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

ab Name: EA LABS Contract: 

F ab Code: EAENG Case No: SAS No: SDG No: 

Matrix: (soil/water)WATER Lab Sample ID: 9603802 

B 
ample wtjvol: 5.0 (g/mL) ML Lab File ID: VD4F506 

Level: 

& 

(low/med) LOW Date Received: 03/29/96 

0 Moisture: not dec. Date Analyzed: 04/02/96 

GC Column:RTXl ID:0.53 (mm) Dilution Factor: 1 

oil Extract Volume: (-1 Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ug/L 01: ug/W w/L Q 

EPA SAMPLE NO': 
, 

c 

AFTER 

FORM I VOA 3190 

(UL) 

I 

~ab 

l.A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER 
Name: EA LABS Contract: 

tab Code: EAENG Case No: 

Matrix: (soil/water)WATER 

tamPle wt/vol: S.o (g/mL) ML 

Level: (low/med) LOW 

~ Moisture: not dec. 

GC Column:RTX1 ID:0.S3 

Iboil Extract Volume: 

CAS NO. COMPOUND 

(mm) 

(uL) 

SAS No: SDG No: 

Lab Sample ID: 9603802 

Lab File ID: VD4FS06 

Date Received: 03/29/96 

Date Analyzed: 04/02/96 

Dilution Factor: 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L I 

I 
I 
I 

-----------------TPH ________________________ __ 100 

1 

Q 

I 
I 
I 
I 
I 
I 
I 
I 
I 

FORM I VOA 3/90 

(uL) 



:A laboratories 

--------------------_._-_ ..... _-_._------

• 
Mr. Carl G. Reitenbach. Jr. 
EA Engineering, Science and T~c.::hnoiogy. fnc. 
15 Loveton Circle 
Sparks. ivfD 21152 

Re: Willow Grove (29600.09) 

Dear tliir. Reitenbach: 

July 30. 1996 

.. _--......-..-.--

Enclosed is our report on the anal ysis 0 f three water samples collected for the \ViUow Grove project 
on 18 July 1996. The invoice is induded. 

Please contact me if you have uny questions or require further information and reter to report 
961148. Unless other arrangements are made. \\"e n:serve the right to dispose of your srunples sixty 
(60) days from the date of this letter. \Ve will retain the raw data for seven years from this date. 

\lary E. Asper 
Laboratory Project ,r.·Ianager 

enclosure 

I 
I 

-I 
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I 
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I 

Lr4BORATORY DATA REPORT 

Prepared for: 

EA Engineering. Science. and Technology, Inc. 
Willow Gove 

Prepared by: 

EA Laboratories 
I9 Loveton Circle 

Sparks. IUD 2 1152 

Report 961148 

July 1996 
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EA Laboratories 
,\NALYTICAL NARRATIVE 

Client: EA Eng. Science ~md Tech. 
Site: \ViHm,v Grove 
Project number: 29600.09 

Laboratory Project ~'1anager: i\'lary E. Asper 
EA Laboratories Report: 961148 
Date: 30.luly 1996 

This report contains the results 01' the analysis of three water samples collected on 18 July 1996 in 
support of the retcrenced project. 

SAAJPLE RECEIPT 

The samples arrived intact by hand at EA Laboratories on 19 July 1996. Upon receipt. the samples 
were inspected and compared \\'ith the chain-or-custody record. The samples were then logged into 
the laboratory computer system with assigm:d laboratory accession numbers and released for 
analysis. 

Client S:unplc Dcsignntion 
BetlJre 
Between 
After 

EA Lab Number 
9610596 
9610597 
9610598 

Following this narrative section arc data qualifiers (Table 1) and the originai chain-ot:'custody. 
Analytical results and quality control information are summarized in the appended data package 
which has been il1rmaned to bl;! consistent with the deliverable requirements of this project. 

QUALITY CONTROL 

The following sections me ordered as the data appears in this report. They contain observations 
made during sample analysis. summarize the results of quality control measurements. and address 
the impact on data usability based upon project Data QuaHty Objectives. For each fractional analysis 
the narrative includes: 

• Sample chronology: This sl..:t.:tion summarizes the sampie history by fraction including the 
sample preparation mt:thod und date. analytical method, and analysis date. An}1hing unusual 
about the samples. digestates. or extracts is itit:ntified. Holding time compliance is evaluated in 
this section. 

• Laboratory method pl.:rtormam.:c: AI! quality control criteria for method peri'ormance must be 
met for all target analytes for data to be reported. These criteria generally appiy to instrument 
tunc. calibration. method blanks. and Laboratory Control Samples (LCS). In some instances 
INhere method criteria fbil. uSl..:able data can be obtained and are reported \vith client approval. 
The narrative wiH then inciwk a thorough discussion of the impact on data quality. 
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EA Laboratories 
:\NAL Y-I-ICkIL NARF-XTIVE 

Client: EA Eng. Science and. Tech. Laboratory Project hlanager: Slav E. hper 
Site: Willow Grove I3 Laboratories Report: 961148 
Project number: 29600.09 Date: 30 .luly 1996 

l Sample perfbrmance: Q&it\, control field samples are analyzed to determine any measurement 
bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates 
(MSD). and laboratory duplicates ( 0). lt’acceptance criteria are not met. matrix interferences 
are contirmed either by reanalysis or by inspection ofthe LCS results to verify that laboratory 
method performance is in control. Data arc reported with appropriate quaiifiers or discussion. 

AROMATIC \‘OLATILES B\r’ c;C - WATER (Ea9610596-E.49610598) 

Sample Chronology: The samples and associated quality control \vere analyzed on 24 July 1996 for 
benzene. toluene. ethylbenzene. sylenes and nnphthalene by SW-846 Methods 503Of8020. ~11 
holding times were met. 

Laboratory Method Performance: All laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: All quality control criteria were met for the reported samples. 

PURGEABLE TPH BY CC - WATER (EA9610596-EA9610598) 

Sample Chronology: The samples and associated quality control were analyzed on 26 July 1996 for 
purgeable TPH as Jr-4 by SW-840 Methods 3030/8015M. All holding times were met. 

Laboratory Method Perforrnancc: :\I1 laboratory method performance criteria were met for the 
reported samples. 

Sample Performance: All qualit!. control criteria were met for the reported samples. 

The chromatographic pattern f’or sample BEFORE was very similar to that of the JP-4 caiibration 
standards. The pattern tbr sample BETWEEN was not similar to the calibration srandards but did 
have some individual peaks which were present in the calibration standards. 

CER TIFIC.4 TIOX 0 F R ESUL TS 

The Laboratory certifies that this report meets the project requirements for analytical data as stated 
in the Analytical Task Order (ATO) and the k/lain-of-custody. In addition. the Laboratory certifies 
that the data as reported meet the Data Quality Ob.jectives for precision. accuracy. and completeness 
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EA Luboratories 
:\NAL YTICAL NARRATIVE 

Client: EA Eng. Science and Tech. 
Site: \Villow Grove 
Project number: 29600.09 

Laboratory Project :"lanager: l\lary E. Asper 
EA Laboratories Report: 961148 
Date: 30.July 1996 

• Sample performance: Quality control field samples are analyzed to detennine any measurement 
bias due to the sample matrix based on evaluation of matrix spikes (MS). matrix spike duplicates 
(MSD). and laboratory duplicates (D). If acceptance criteria are not met. matrix interferences 
are confinned either by reanalysis or by inspection of the LCS results to verifY that laboratory 
method pertormance is in control. Data arc reported with appropriate qualifiers or discussion. 

AROMATIC VOLATILES BY GC - WATER (EA9610596-EA9610598) 

Sample Chronology: The samples und associated quality control were analyzed on 14 July 1996 for 
benzene. toluene. ethyl benzene. xylenes and naphthalene by SW-846 Methods 5030/S020. All 
holding times were met. 

Laboratory Method Performancl.:: All laboratory method perfonnance criteria \vere met for the 
reported samples. 

Sample Perfonnance: All quality control criteria were met for the reported samples. 

PURGEABLE TPH BY GC - \VATER (EA9610596-EA9610598) 

Sample Chronology: The samples and associated quality control were analyzed on 26 July 1996 for 
purgeable TPH as lP-4 by SW-g..J.(, rvlethods 5030/S015M. All holding times were met. 

Laboratory Method Performam;t:: All laboratory method perfonnance criteria \'v'ere met for the 
reported samples. 

Sample Perfonnance: All quality control criteria were met for the reported samples. 

The chromatographic pattern tor sampi\! BEfORE was very similar to that of the lP-4 calibration 
standards. The pattern tor samplt: BETWEEN was not similar to the calibration standards but did 
have some individual peaks which were present in the calibration standards. 

CERTIFICATION OF RESULTS 

The Laboratory certifies that this I'l.:port meets the project requirements for analytical data as stated 
in the Analytical Task Order (ATO) and the chain-ot:'custody. In addition. the Laboratory certifies 
that the data as reported meet the Data Quality Objectives for precision. accuracy. and completeness 
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EA Laboratories 
,\NAL YTICAL NARRl-\TIVE 

Client: EA Eng. Science and Tech. 
Site: ,"'mow Grove 

Laboratory Proiect Manager: i\Iary E. Asper 
[,\ Laboratories Report: 9611..J8 

Project number: 19600.09 Date: 30 .July 1996 

_______ 30 July 1996 
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A. QC Summary 
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LCS RECOVERY-REPORT 

c LAB NAME: EA LABORATORIES 

INSTRUMENT: VG7 

1 SAMPLE ID: VL607241 

ANALYST: SSB 

'I 

DATA FILE: VG7E770F 

DATE: 07/24/96 

MATRIX: WATER 

% MOISTURE: 0 

SPIKE COMPOUND SPIKE SAMPLE 
ADDED CONC . 

%REC- 

Benzene 50 47.840 96 

R Toluene Chlorobenzene 50 50 46,860 49.310 94 99 

CURRENT VOLATILE LCS LIMITS 

Benzene 
Chlorobenzene 
Toluene 

WATER 
87 - 121 
81 - 133 
81 - 125 

SOIL 
87 - 119 
75 - 119 
82 - 117 

'f LCS is outside limits, 

I a non-conformance form is required. 

-he LCS has been checked and is n lthln outside current limits. 

I q/&,\ k\f$Jh 

u 

7 I!-$\ iflL 

:+ NALYST \ 

1 

J DATE 
N.A. 

Non-conformance form # 

I 
I 
I LAB NAME: EA LABORATORIES 

INSTRUMENT: VG7 

IIsAMPLE ID: VL607241 

ANALYST: SSB 

I 
I 
I 

SPIKE COMPOUND 

Benzene 
Ch1orobenzene 
Toluene 

LCS RECOVERY_REPORT 

SPIKE 
ADDED 

50 
50 
50 

DATA FILE: VG7E770F 

DATE: 07/24/96 

MATRIX: WATER 

% MOISTURE: 0 

SAMPLE 
CONC. 

47.840 
46.860 
49.310 

%REC. 

96 
94 
99 

I 
I 
I CURRENT VOLATILE LCS LIMITS 

I 
I 
I 
I 

Benzene 
Ch1orobenzene 
Toluene 

WATER 
87 - 121 
81 - 133 
81 - 125 

SOIL 
87 - 119 
75 - 119 
82 - 117 

If LCS is outside limits, a non-conformance form is required. 

_he LCS has been checked and is~outside current limits. 

I \1u\tL1 ~\~\U~ 

I 
I 

~' 

N.A. 
Non-conformance form # 



-2 -------.-.--%E~,J~ENE 

8-T -..-------TQL~ENE 

I-4 ---------ETIPXJXNZENE 
~-~~~~~-42-3~TA & P XYLENES 
-6 --.-------q-J 
,-TJ- --------- F&J 

lA 
VOLF.TILE C0l1POUNDS ORGANICS ANALYSIS SHEET 

EPA SAMPLE NO. 

VBLKl 
Lab Name: EA LABS Contract: 

Lab Code: EAENG Case No: SAS No: SDG No: 8020 

Hatrix: (soil/water)W'ATER 

Sample wt/vol: 5.0 (g/mL) 

Level: (low/med) LOW 

% Moisture: not dec. 

GC Column: DBV1LX ID: 0.53 

Soil Extract Volume: 

(nun) 

(uL) 

Lab Sample ID: VB607241 

HL Lab File ID: VG7E772F 

Date Received: / / 

Date Analyzed: 07/24/96 

Dilution Factor: 1 

Soil Aliquot Volume: 

CAS NO. COt-fPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) 1..1g/L Q 

71-43-2----------BENZENE __________ _ 
l08-88-3---------TOLUENE 
100-41-4---------ETHYLBE~N=Z=E~N=E~---------------

l08-38-3/106-42-3META & PARA XYLENES ____ _ 
95-47-6----------0RTHO XyLENE _______ _ 
91-20-3----------NAPHTHALENE __________ _ 

FORM I VOA 

1.0 U 
1. 0 U 
1. 0 U 
1.0 U 
1.0 U 
5.0 U 

3/90 

I 
I 
I 
I 
I 

I 
I 
I 
I 
,I 
I 
I 
I 
I 
I 
I 
I 
I 



B. Sample Data 
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B. Sample Data 



71-43-2 ------ ----%~~~~E~~~ 
e.m..-------TQL~ENE 

100-41-4 ---------ETHYLBENZENE 
108-38-3/106-42-3META & P ~~L~~~~~ 
‘X5-47-G-l--------ORTEa XYLENE 
91-20-3 ----------NA~~T~LENE 

FORE I VOA 

1A EPA SA11PLE NO. 
VOLATILE COMPOUNDS ORGAl'UCS ANALYSIS SHEET 

BEFORE 
Lab Name: EA LABS contract: 

Lab Code: EAENG Case No: SAS No: SDG No: 8020 

Hatrix: (soil/water) WI'.TER Lab Sample ID: 9610596F 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7E778F 

Level: (low/med) LOW Date Received: 07/19/96 

F,:c, 
'·0 tt!oisture: not dec. Date Analyzed: 07/24/96 

GC Column: DBVP...,'{ ID:O.53 (rom) Dilution Factor: 

Soil Extract Volume: (uL) Soil Aliquot Volume: 

CONCENTRATION 
CAS NO. COMPOm;rD (ug/L or ug/Kg) 

71-43-2----------BENZENE __________ _ 
l08-88-3---------TOLUENE 
lOO-41-4---------ETHYLBE~N~Z=E~N~E~---------------

l08-38-3/1.06-42-3META & PARA XYLENES ____ _ 
95-47-6----------0RTHO XYLENE 
91-20-3----------NAPHTHALENE ----------------

UNITS 
ug/L 

100 
9.2 

180 
130 
8.2 

180 

1 

Q 

FORM I VOA 3/90 

I 
I 
I 
I 
I 
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I 
I 
I 
I 



1A EPA SAMPLE NO. 

1 

VOLATILE COMPOUNDS ORGANJCS ANALYSIS SHEET 

BETWEEN 
Lab Name: EA LABS Contract: 

# 
,ab Code: EAENG Case No: SAS No: SDG No: 8020 

?fatrix: (soil/water)WATER Lab Sample ID: 9610597F 

IE; ample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7E775F 

t 

evel: (low/med) LOW Date Received: 07/19//96 

o' Moisture: not dec. Date Analyzed: 07/24/96 

5 

C Column,:DBVRX ID:O.53 (mm) Dilution Factor: 1 

oil Extract Volume: c-1 Soil Aliquot Volume: (UL) 

8 

CONCENTRATION UNITS 
CAS NO. COMPOUND (w/L or u5W-W) w/L Q 

i 

71-43-2----------BENZENE 
108-88-3---------TOLUENE 100-41-4----- ----ETHYLBENZENE 
108-38-3/106-42-3META 6r PARA XYLENES 
95-47-+---s -----0RTHO XYLENE 
91-20-3------ ----NAPHTHALENE 

120 
1.0 u 
13 
2.3 
1.0 u 
5.0 u 

FORM I VOA 3/90 

I 
I 

1A EPA SAMPLE NO. 
VOLATILE COMPOUNDS ORGANJCS ANALYSIS SHEET 

BETWEEN 
Contract: Lab Name: EA LABS 

IJab Code: EAENG Case No: SAS No: SDG No: 8020 

~'latrix: (soil/water)WATER Lab Sample ID: 9610597F 

lLamPle wt/vol: 5.0 (g/mL) ML Lab File ID: VG7E775F 

.fevel: (low/med) LOW 

110 Moisture: not dec. ----

Date Received: 07/19/96 

Date Analyzed: 07/24/96 

rC Column': DBVRX 

~oil Extract Volume: 

ID:0.53 (nun) 

(uL) 

Dilution Factor: 

I 
I 
I 
I 
I 
I 
I 
:1 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
CAS NO. COMPOUND (ug/L or ug/Kg) 

71-43-2----------BENZENE 
108-88-3---------TOLUENE-------------------
100-41-4---------ETHYLBENZENE=======-______ __ 
108-38-3/106-42-3META & PARA XYLENES ________ _ 
95-47-6----------0RTHO XYLENE ______________ __ 
91-20-3----------NAPHTHALENE ________________ _ 

ug/L 

120 
1. 0 U 
13 
2.3 
1.0 U 
5.0 U 

1 

Q 

I 
I 
I 
I 
I 

FORM I VOA 3/90 

(uL) 



lo&=-88-3 -.--cmm.-m-T~LUENE 

POO-41-4 ---------~T~YL~~~~~~~E 
108-%8-%f106-42-3META & PARA XYLENES 
95-47-6 -L--------ORTHO BYLINE 
91-20-3 ----------NAPHT 

lA EP~. SAMPLE 
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET 

AFTER 
Lab Name: EA LABS contract: 

Lab Code: EAENG Case No: SAS No: SDG No: 8020 

Hatrix: (soil/water) WATER Lab Sample ID: 9610598F 

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7E774F 

Level: (low/med) 

% Moisture: not dec. 

Date Received: 07/19/96 

Date Analyzed: 07/24/96 

GC Column:DBVRX ID:O.53 Dilution Factor: 

Soil Extract Volume: 

(mm) 

(uL) Soil Aliquot Volume: 

CAS NO. COMPOUND 
CONCENTRATION UNITS 

(ug/L or ug/Kg) ug/L 

71-43-2----------BENZENE __________ _ 
108-88-3---------TOLUENE 
100-41-4---------ETHYLBE=N=Z=E~N=E------------------

108-38-3/106-42-3META & PARA XYLENES ______ _ 
95-47-6----------0RTHO XyLENE _____________ __ 
91-20-3 ----------NAPHTHALENE, _________ _ 

3.5 
1.0 U 
1.0 U 
1. 0 U 
1.0 U 
5.0 U 

1 

Q 

FORM I VOA 3/90 

NO. I 
I 
I 
I 
I 

(uL) I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



4. TPH as GAS DATA 
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4. TPH as GAS DATA 



A. QC Summary 
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II 
LAB NAME: EA LABOIZATORIES , 

INSTRUMENT: VD4 

8 SAMPLE ID: VL607262 

1 
ANALYST: SSB 

8 

SPIKE COMPOUND 

I TPH 

LCS RECOVERY-REPORT 

SPIKE 
ADDED 

DATA FILE: VD4G310 

DATE: 07/26/96 

MATRIX: WATER 

% MOISTURE: 0 

SAMPLE 
CONC . 

%REC. 

TPH 

CURRENT VOLATILE LCS LIMITS 

WATER 
50 - 150 

561.000 

SOIL 
50 - 150 

112 

.f LCS is outside limits, a non-conformance form is required. 

&he LCS has been checked and is('wx&x/outside current limits. 

N.A. 
Non-conformance form f 

I 
I 
I LAB NAME: EA LABORATORIES 

INSTRUMENT: VD4 

I SAMPLE ID: VL607262 

I 
ANALYST: SSB 

SPIKE COMPOUND 

TPH 

LCS RECOVERY _REPORT 

SPIKE 
ADDED 

500 

DATA FILE: VD4GJI0 

DATE: 07/26/96 

MATRIX: WATER 

% MOISTURE: o 

SAMPLE 
CONC. 

%REC. 

561.000 112 

I 
I 
I 
I 
I CURRENT VOLATILE LCS LIMITS 

WATER SOIL 

I 
I 
I 
I 

TPH 50 - 150 50 - 150 

If LCS is outside limits, a non-conformance form is required . 

. ,he LCS has been checked and is,·wIthin/butside current limits. 

I 

I 
I 

.~'(/li{ 
I 

j 

I i I '.J{, r; 1/' N.A. 
DATE Non-conformance form # 



f I 

VOLATILE COMPOUNDS 

Lab Name: EA LABS 

Lab Code: EAENG Case No: 

Hatrix: (soil/water) ~';ATER 

Sample wt/vol: 5.0 (g/mL) 

Level: (low/med) 

% Moisture: not dec. 

GC Column:RTXI ID:O.53 (mm) 

(uL) Soil Extract Volume: 

CAS NO. COMPOUND 

lA EPA SAMPLE 
ORGANICS ~.NALYSIS SHEET 

VBLKI 
Contract: 

SAS No: SDG No: 80ISM 

Lab Sample ID: VB607262 

ML Lab File ID: VD4G3II 

Date Received: / 1 
Date Analyzed: 07/26/96 

Dilution Factor: 1 

Soil Aliquot Volume: 

CONCENT:R1t ... TION UNITS 
(ug/L or ug/Kg) ug/L Q 

-----------------TPH __________________________ _ 100 

FORM I VOA 3/90 

NO. 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
,I 
I 
I 
I 
I 
I 



B. Sample Data 

I . 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 

I 

B. Sample Data 



1A EPA SAMPLE NO. I 
I 
I 
I 
I 

VOLJ:..TILE COMPOUNDS ORGAl{ICS ANALYSIS SHEET 

BEFORE 
Lab Name: EA LABS Contract: 

Lab Code: EAENG Case No: 

Sample wt/vol: 5 • 0 ( 9 / mL) r.rL 

Level: (low/med) LOW 

~ Moisture: not dec. 

GC Column:RTX1 

Soil Extract Volume: 

CAS NO. 

ID:O.53 

cm1POUND 

(mm) 

(uL) 

SAS No: SDG No: B015H: 

Lab Sample 10: 9610596 

Lab File ID: VD4GJ14 

Date Received: 07/19/96 

Date Analyzed: 07/26/96 

Dilution Factor: 1 

Soil Aliquot Volume: 

CONCENTRATION UNITS 
(ug/L or ug/Kg) ug/L Q 

-----------------TPH __________________________ _ 7300 

FORM I VOA 3/90 

(uL) I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 



VOLATILE COMPOUNDS O:;ANICS ANALYSIS SHEET 

Lab Name: EA LABS Contract: 

EPA SAMPLE NO. 

BETWEEN 

t 
ab Code: EAENG Case No: SAS No: SDG No: 8015M 
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‘EA Engineering, Science, and Technology EA Mid-Adam 
15 Loveron Circle 
Sparks. hlD 21152 
Telephone: 410-771-4950 
Fax: 410~771-4204 

cI\ 31 May 1995 

Mr. Paul Briegel 
Northern Division 
Design Division (Code 405 1 /PB) 
Naval Facilities Engineering Command 
Mail Stop 82 
10 Industrial Highway 
Lester, Pennsylvania 19 113-2090 

RJ3: Contract No. N62472-92-D-1296, CT0 No. 0009, NAS Willow Grove 
Results of Soil Vapor Extraction Test 

Dear Mr. Briegel: 

This letter report presents the results of soil vapor extraction (SVE) testing conducted at the 
Naval Fuel Farm Facility, Naval Air Station Willow Grove, Horsham Township, 
Pennsylvania. The testing was conducted in order to evaluate the potential for SVE during 
high water table conditions. The testing, as outlined in the Revised Work Description dated 22 
February 1995, was conducted from 4 April through 6 April 1995 and included both system 
head and radial influence tests on wells NFFW-4, -7, and -16. These wells were chosen to 
assess SVH performance in areas with varying amounts of free phase product. Product has not 
been observed in NPFW-4, has been present periodically in NFFW-7, and has been 
consistently present in NFFW-16. The well locations are indicated on the Site Plan in Figure 
1. The following describes the testing and data collection methodologies and presents the 
testing and sample analyses results. 

1.0 INTRODUCTION 

Soil vapor extraction is a widely used remedial technique capable of removing volatile organic 
compounds (‘VOC) from the subsurface. In this process, a vacuum is applied to an extraction 
point inducing air flow through the vadose zone. As air moves through the soil, residual phase 
VOC are volatilized and removed from the subsurface through the extraction well. 

In order to effectively assess the applicability of SVE as a remedial technology in the areas 
surrounding wells NFFY?-4, -7, and -16, three individual SVE tests were conducted. These 
tests were designed to evaluate the relationships between (1) applied vacuum and extracted air 
flow rate and (2) applied vacuum and radial influence. VOC concentration and removal rates 
were also characterized as part of the radial influence test. 
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Mr. Paul Briegel 
Northern Division 
Design Division (Code 40511PB) 
Naval Facilities Engineering Command 
Mail Stop 82 
10 Industrial Highway 
Lester, Pennsylvania 19113-2090 

31 May 1995 

RE: Contract No. N62472-92-D-1296, CTO No. 0009, NAS Willow Grove 
Results of Soil Vapor Extraction Test 

Dear Mr. Briegel: 

This letter report presents the results of soil v~por extraction (SVE) testing conducted at the 
Naval Fuel Fann Facility, Naval Air Station Willow Grove, Horsham Township, 
Pennsylvania. The testing was conducted in order to evaluate the potential for SVE during 
high water table conditions. The testing, as outlined in the Revised Work Description dated 22 
February 1995, was conducted from 4 April through 6 April 1995 and included both system 
head and radial influence tests on wells NFFW-4, -7, and -16. These wells were chosen to 
assess SVE performance in areas with varying amounts of free phase product. Product has not 
been observed in NFFW-4, has been present periodically in NFFW-7, and has been 
consistently present in NFFW -16. The well locations are indicated on the Site Plan in Figure 
1. The following describes the testing and data collection methodologies and presents the 
testing and sample analyses results. 

1.0 INTRODUCTION 

Soil vapor extraction is a widely used remedial technique capable of removing volatile organic 
compounds (VOC) from the subsurface. In this process, a vacuum is applied to an extraction 
point inducing air flow through the vadose zone. As air moves through the soil, residual phase 
VOC are volatilized and removed from the subsurface through the extraction well. 

In order to effectively assess the applicability of SVE as a remedial technology in the areas 
surrounding wells NFFW-4, -7, and -16, three individual SVE tests were conducted. These 
tests were designed to evaluate the relationships between (1) applied vacuum and extracted air 
flow rate and (2) applied vacuum and radial influence. VOC concentration and removal rates 
were also characterized as part of the radial influence test. 
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The testing was conducted utilizing a mobile vent trailer. The trailer consists of a vacuum 
pump equipped with a moisture separator, activated carbon treatment canisters, flow and 
vacuum gauges, and sample ports. The vacuum extraction system is shown schematically in 
Figure 2. 

2.1 System Head Test 

Individual system head tests were conducted on each of the three test wells in order to develop 
site specific relationships between applied vacuum and extracted air flow rate. The tests were 
conducted by applying 5 different vacuums to the extraction well in a decreasing stepped 
manner. Each vacuum was applied until the corresponding flow rate stabilized, this occurred 
within approximately 20 minutes in each case. Once the flow rate stabilized, a different 
vacuum was applied and the test was repeated. System head tests were conducted before radial 
influence tests. 

2.2 Radial Influence Test 

Radial influence tests were used to measure the radial distance influenced by the applied 
vacuum at the extraction well and to assess VOC removal rates. The radius of influence was 
measured by installing six soil vapor probes into the subsurface at various distances in two 
directions from the extraction well. The distances and orientation of the probes are indicated 
on Figures 3, 4, and 5, for the tests conducted from wells NFFW-4, -7, and -16, respectively. 
The O.75-inch diameter soil vapor probes were driven to a depth of approximately 5 to 8 feet 
below grade and fitted with gauges capable of sensing changes in soil air pressure. During 
each test a constant vacuum was applied to the extraction well for approximately two hours 
and the induced vacuum on the soil vapor probes was recorded regularly. Vapor flow rate and 
temperature were also recorded throughout the test. 

To assess VOC removal rates, samples of extracted soil vapor were collected approximately 
every 30 minutes and analyzed for petroleum range and chlorinated hydrocarbons. The 
samples were analyzed onsite with EA's mobile field gas chromatograph. The analysis results 
and the extraction air volume flow rate were utilized to assess the VOC mass removal rates 
associated vlith each test well. 
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3.0 RESULTS 

3.1 System Head Test 

The results of the system head test are contained and displayed graphically in Attachment A. 
The individual tests produced relationships between applied vacuum and observed flow rate 
consistent with the nature of the subsurface at the Naval Fuel Farm Facility. In general, the 
results indicate the area is characterized by a low permeability subsurface resulting in a high 
vacuum - low flow rate relationship. Applied vacuums ranged from 2 to 14.8 inches mercury 
(Hg) while observed flow rates ranged from 2.18 to 43.6 cubic feet per minute (cfm). In 
general, the three wells responded similarly to the range of vacuums applied and no significant 
differences were observed. 

3.2 Radial Influence Test 

The radial influence tests produced varying results. Relationships between applied vacuum and 
radial influence for each test are summarized on Table 1. The results indicate that preferential 
pathways may exist in the subsurface. The tests on wells NFFW-4, -7, and -16 were conducted 
at vacuums of approximately 7, 9, and 10 inches Hg, respectively, with corresponding average 
flow rates of 33,33, and 26 cfm. In general, the greatest radial influence was observed from 
well NFFW-16 and the least radial influence was present in the vicinity of well NFFW-4. The 
inconsistent nature of the results does not allow the determination of an effective radius of 
influence about each well. However, it should be noted that vacuum influence was observed 
during each test at distances of up to 25 feet from the extraction well. 

The analytkl results of petroleum and chlorinated hydrocarbon analyses along with 
corresponding vacuum, fiow rate, and influent air stream temperature readings are summarized 
on Tables 2 and 3, reqctively. Table 2 also includes the estimated VOC removal rates. 
Removal rates in pounds per day were calculated for each sample collected based on total 
petroleum hydrocarbons (TPH) as toluene equivalents; the equation used is given in Table 2. 
Extraction from well NFFW-7 produced the highest average hydrocarbon removal rate (28.46 
pounds per day) while extraction from wells NFFW-4 and NFFW-7 resulted in lower average 
removal rates of 0.74 and 11.46 pounds per day, respectively. Tables 2 and 3 also include 
the results of one treated effluent sample per test; this sample is labeled “After Carbon”. 

The results of the chlorinated hydrocarbon analysis indicated the presence of several target 
compounds in samples from each of the three test wells. Chlorinated hydrocarbons were most 
prevalent in the extracted air samples from well NFFW-4 where methylene chloride was 
present at a maximum of 19.18 parts per million by volume (ppmv). The occurrence of 
chlorinated hydrocarbons is not consistent with the occurrence of free product as NFFW-4 is 
in an area where free product has not been detected. As noted above, the complete results of 
chlorinated hydrocarbon analysis are summarized on Table 3. 
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3.1 System Head Test 

The results of the system head test are contained and displayed graphically in Attachment A. 
The individual tests produced relationships between applied vacuum and observed flow rate 
consistent with the nature of the subsurface at the Naval Fuel Farm Facility. In general, the 
results indicate the area is characterized by a low permeability subsurface resulting in a high 
vacuum -low flow rate relationship. Applied vacuums ranged from 2 to 14.8 inches mercury 
(Hg) while observed flow rates ranged from 2.18 to 43.6 cubic feet per minute (cfm). In 
general, the three wells responded similarly to the range of vacuums applied and no significant 
differences were observed. 

3.2 Radial Influence Test 

The radial influence tests produced varying results. Relationships between applied vacuum and 
radial influence for each test are summarized on Table 1. The results indicate that preferential 
pathways may exist in the subsurface. The tests on wells NFFW-4, -7, and -16 were conducted 
at vacuums of approximately 7, 9, and 10 inches Hg, respectively, with corresponding average 
flow rates of 33, 33, and 26 cfm. In general, the greatest radial influence was observed from 
well NFFW-16 and the least radial influence was present in the vicinity of well NFFW-4. The 
inconsistent nature of the results does not allow the determination of an effective radius of 
influence about each well. However, it should be noted that vacuum influence was observed 
during each test at distances of up to 25 feet from the extraction well. 

The analytical results of petroleum and chlorinated hydrocarbon analyses along with 
corresponding vacuum, flow rate, and influent air stream temperature readings are summarized 
on Tables 2 and 3, respectively. Table 2 also includes the estimated VOC removal rates. 
Removal rates in pounds per day were calculated for each sample collected based on total 
petroleum hydrocarbons (TPH) as toluene equivalents; the equation used is given in Table 2. 
Extraction from well NFFV/-7 produced the highest average hydrocarbon removal rate (28.46 
pounds per day) while extraction from wells NFFW-4 and NFFW-7 resulted in lower average 
removal rates of 0.74 and 11.46 pounds per day, respectively. Tables 2 and 3 also include 
the results of one treated effluent sample per test; this sample is labeled II After Carbon". 

The results of the chlorinated hydrocarbon analysis indicated the presence of several target 
compounds in samples from each of the three test wells. Chlorinated hydrocarbons were most 
prevalent in the extracted air samples from well NFFW-4 where methylene chloride was 
present at a maximum of 19.18 parts per million by volume (ppmv). The occurrence of 
chlorinated hydrocarbons is not consistent with the occurrence of free product as NFFW-4 is 
in an area where free product has not been detected. As noted above, the complete results of 
chlorinated hydrocarbon analysis are summarized on Table 3. 
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The results of the system head tests on each of the three test wells indicate that high vacuum 
low flow rate conditions persist throughout the areas tested. This is not a limitation to 
potential remediation as equipment capable of operating in the required vacuum and flow range 
is readily available. However, the radial influence tests indicate the presence of preferential 
pathways about each test well and as a result, an estimate of the effective radius could not be 
determined. As noted in Section 3.2, the radial influence test results may be characteristic of 
the subsurface environment. The tests did indicate influence up to at least 25 feet in one 
direction from each well. 

Petroleum hydrocarbon removal rates were greatest during extraction from wells NFFW"-7 and 
NFFW-16 indicating remedial action in these areas including soil vapor extraction may be 
effective. Soil vapor extraction utilizing well NFFW -4 is not recommended at this time. 
However, it should be noted that the tests were conducted during times of seasonally high 
water table and increased hydrocarbon removal rates (for each well) may be attainable when. 
low water table conditions predominate. 

Please contact us at (410) 771-4950 if you have any questions or would like to discuss the 
testing results further. 

cc: P. Greco (NAS-Willow Grove) 
J. Colter (NORTHDIV) 
C. Houlik (EA) 

Sincerely, 

~~72.~~' 
Brian R. Stempowski 
Project Engineer 

Carl G. Reitenbach, P.E. 
era Manager 
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Table 1 

Resutts of Radial Influence Test I 
Navy Fuel Farm Faality 

I Naval Air Station Willow Grove 
Horsham Township, Pennsylvania 

NFFW-4 

I Time Applied Vacuum Flow rate Observed Vacuum (inches water) at Radial Distance (ft) 
{min} {inches Hg} (cfm} 5 10 15 20 25 30 

10 7 30.5 a 2.85 a 0.005 0.005 0 I 
20 7 30.5 a 2.87 a 0.005 0.005 0 
35 6.8 33 a 3 0.01 0.01 0.005 0 

I 50 6.8 33 0 3 0.01 0.005 0.005 0 
65 6.6 33 a 3 0 0 0.005 0 
80 6.6 33 0 3.1 0 0 0.002 0 

110 6.6 33 0.02 3.1 0.01 0.015 0 0 I 140 6.6 33 0.025 3.1 0.005 0.005 0 0 

NFFW-7 I 
Time Applied Vacuum Flow rate Observed Vacuum (inches water) at Radial Distance (ft) 
{min} {inches Hgi {cfm} 5 10 15 20 25 30 

I :3 8.8 33 0 6.3 0 0.02 0 0.02 
9 9 33 a 6.4 0 a 0 0 

12 9 33 0 6.4 0 0.005 0 0.005 I 15 9.25 33 a 6.5 0 0.005 0 0.01 
25 10 30.5 a 6 0 0.01 0 0.025 
35 10.5 30.5 0 5.7 0 0.01 0.01 0.03 

I 60 11 30.5 0.01 5.4 0 0.01 0.015 0.03 
75 11 30.5 0.01 5.2 0 0.015 0.015 0.035 

105 10.25 33 0.025 5 0 0.045 0.015 0.045 
135 10.25 33 0.045 5 0 0.062 0.015 0.045 I 155 10.25 33 0.05 5 a 0.065 0.012 0.05 

NFFW-16 I 
Time Applied Vacuum Flow rate Observed Vacuum (inches water) at Radial Distance (ft) 
(min) (inches Hal (cfm) 5 10 15 20 25 30 I 

1 10 26 1.8 2.8 1.65 0.23 0 0.19 
2 10 26 1.8 2.8 1.65 0.23 0 0.23 

I 5' 10 26 1.8 2.8 1.65 0.23 0.005 0.25 
10 10 26 1.7 2.65 1.65 0.23 0 0.05 
15 10 26 1.6 2.65 1.6 0.22 0 0.14 
25 10.1 26 1.6 2.55 1.55 0.215 0 0.31 I 35 10.1 26 1.58 2.55 1.5 0.215 0 0.58 
50 10.2 26 1.5 2.45 1.5 0.22 0 0.« 
65 10.2 26 1.5 2.5 1.5 0.22 0 0.445 

I 85 10.2 26 1.5 2.4 1.5 0.215 0 0.445 
100 10.2 26 1.5 2.45 1.5 0.22 0 0.45 
115 10.2 26 1.5 2.45 1.5 0.21 0.005 0.46 
165 10.2 26 1.5 2.45 1.5 0.21 0.005 0.44 I I 
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Tab~ 2 

SolI Vapor Contaminant Assessment Resuttl Summary - Petroleum Hydrocarbons 

N;r,y Fuel Farm Facility 
Navtli Air Station Willow Grove 
Horaham Township. PeomyIv8nia 

Sample Date TIme Vllcuum Flow Rate 

("Ho) (cfm) 
NFFW .... 8-Apr-95 1100 8 44 
NFFW .... 8-Apr-95 1135 8.8 .. 1 
NFFW .... 8-Apr-95 1205 7 30 
NFFW .... 8-Apr-95 1235 6.8 33 
NFFW .... 6-Apr-95 1335 6.6 33 

NFFW-4 After Carbon 6.Apr-95 1235 11.8 33 

NFFW-7 5·Apr-95 1458 8.8 33 
NFFW·7 5-Apr·95 1538 10.5 30 
NFFW-7 5-Apr-95 1615 11 30 
NFFW-7 5-Apr·95 1645 10.25 33 

NFFW-7 After Carbon 5-Apr·95 1615 11 30 

NFFW-16 5-Apr.95 1132 10 26 
NFFW·18 5·Apr-95 1215 10.1 28 
NFFW·18 5·Apr·95 1238 10.2 26 

NFFW-16 After Carbon 5·Apr·95 1215 10.1 26 

Note: NO - Not Dete<:ted 
(II) - unllble to quantlt( 
(b) -Includes total petroleum and chlortnated hydrocarbonl 
TPH emission niles calculated III foIlc:MoI: 

Influent 
TernpeBture 

(e) 
54 
55 
58 
58 
59 
58 

48 
49 
<C9 
49 
49 

48 
048 
50 
048 

Benzene 

(ppmv) 
NO 
NO 

0.56 
NO 
NO 
NO 

299 
167 
98 
(II) 
1.9 

56 
44 
048 
NO 

Toluene Ethylbenzene M&P -Xylenes O-Xytenes TPH liS Toluene 
Equlvalentl 

(ppmv) (ppmv) (ppmv) (ppmv) (ppmv) 
NO NO NO NO 4.8 
NO NO NO NO 57 
NO NO NO NO 61 
NO NO NO NO 95 
NO NO NO NO 140 
NO NO NO NO NO 

155 9.5 1.9 3 4000 
96 6 1.7 6 3000 
53 1.3 NO 0.8 1800 
86 6.2 2.1 0.5 2600 
".5 NO NO NO 130 

444 15 NO 35 1600 
375 4 NO .. 1 1300 
39 .. 5 NO 22 1300 
NO NO NO NO 25 

Emission Rate(poundslday) .. Q(cfm) X CCppmvl X P(lIm) X V(1J X 0."719(lJsec) X 8!!4OO(aecldavl X 92.1(g1mo!) X O.OO22(poundlgl 
R(l-atmtmol-K) X T(I<) 

.. Q<cfm) X CCppmvl X 0.0083 
0.082XT(K) 

Where: Q .. Vllpor YOIume flow rete 
C .. TPH concenlnltlon 1II101uene equivalents 
P .. Vapor presson! of 1 ppm toluene (1 EE-6 11m) 
V "' Volume (1 litre) 
R" Ideal gas constant (0.082 L-almlmol·K) 
T ,. Vapor Innuent temperature 

- - - - - - -
TPH RI!II'ICMl Rille al TPH Emluloo Rile III TotalVOC 
Toluene EqulYlllenta Toluene EqoIYIIIenta EmlMlon Rile (b) 

(poundlldlly) (poundIIday) (pooodllday) 
0.06 NA NA 
0.72 NA NA 
0.58 NA NA 
0.96 NA NA 
1."1 NA NA 
NA 0.00 0.00 

41.62 NA NA 
28.29 NA NA 
18.97 NA NA 
26.97 NA NA 
NA 1.23 1.23 

13.12 NA NA 
10.68 NA NA 
10.59 NA NA 
NA 0.20 0.20 



Toblo 3 

501 VII>'" COnlamhant Al-Hum.nt R ... u!It Sum .... ry· Chlomaw.! Hydro<:amoot 

tJ ... 'Y Fu.' Firm Fa<:lly 
H."", IX m.tIoo Wll<lw Grcm 
HofIham Tawnlhlp, r .... nS)'Mnla 

Sampl. 1J\t!. nne '\low"", Fl<lw RIle ,""..-1'11 Trieh_allt Carnoo Ttlnchl<l<t:l. Trlch!o!:oe!hln. Tenehlomel!ly1e<le Mt!hy1on. ChlorIM T"'''''',2-Olch1orotl!htne C.I.2·~'" OtIollnII4<l Hy;Irocarnoo C~ H)'drocarlloo 
("Ilgl (dm) T.",~ !J>r>mv) (PI'fIlYI (pp<IwJ (1'jlITW) 

Ie) 
NFFW~ ~.p,.~ 1100 8 •• ~ 0001 NO NO NO 
NFFW-4 ~.~ 1135 aa 4\ ~ Olm tID NO NO 
NF1'W-4 IS-Ap<.~ 12(jj5 1 30 5e 0004 NO NO 0.002 
NFIW-4 ~.~ 1m u :l3 M 0000 NO NO 0002 
IlFFW4 I-Apf.~ 13..15 em :l3 ~ 0004 NO NO 0002 

NFF\'\I·4 M.e, ClrbOn e ...... .pr.1l5 1m u 33 (!II 0002 NO NO NO 

~~FrV'i"l e-Ap,·115 U~I ee 33 •• NO NO NO NO 
Nf.f\''-~7 !-.l.pt.~ 1~~ 10 ~ )0 U 0000 NO 01)0.4 NO 
NFFW-l ~." 1115 II 30 41 NO NO NO NO 
t<FFW-1 ~.~ '!-l~ 1!l~ :l3 4t NO NO NO NO 

NFFW·7 M.er Gartlo<! iI-"f!"~ lel~ 11 30 4. 0.001 NO NO NO 

NFPlI·le il-Ap,." 1132 10 :Ie .q NO NO NO 0003 
NFFW-Ie ~." 1215 101 :Ie .q NO NO NO O~ 

NFFW-Ie a.~." 123& 102 2e I!O 0.001 NO NO 0004 
NFF\'\I-IS Mol ClrIl<'n ~." 1215 10 I 2e 4!1 NO NO NO NO 

N<M: ND.N<X~ 

ChlO<inllt<l hydrourbon .1_VomlnlOn ratH calculaled al 101_: 

Em .. "" RI!o(poundllday) • gem) x £(ppm!! X NIIm, X VIU x 0 471!{UHCI x 86400(-'dIY! x U !4{g/!nOIJ x 0 !lO?2!poundlg) 
R(l.a1mfllWl-K) x T(KI 

-

• 9!dml X gpp""'!X 00078 
0.082 X T(I(I 

WMf.: a • Vapor .oIUIM now ra~ 

-

C • "'lilly"'" ~hIor1dI conCln1ration 
f'. Vap« PfWWI. cf 1 ppm IM1tlyMnt chlOllae (lEe .. Ilml 
v- VoIUI1'Ie(1 lit,,) 
R s Idul llli oonltant (O.082l.almfmOl.K1 
T • Vlpor Innoon! t.,"!>'i'ratur. 

- - - - - - - -

1P!>mV) (ppmv) (ppnw) R_IRat. EmlMlolInR •• 
~ ~) 

4.82 NO NO O.OI! ~ 

19.18 NO NO 022 ~ 

118 ND 0 .. 04 0.15 ~ 

1757 NO 003 lue ~ 
181. NO NO 0.17 tlA 
NO tlD NO NA 000 

31 0"2 NO 003 It" 
J I 061 NO 003 ~ 

33 O~ NIl CII)3 NA 
U NO 04 0.04 NA 
NO NO NO ~ 0.00 

046 NO NO 000 ~ 

Oli NO NIl 000 NA 
014 NO NO 0.00 NA 
NO NO NO NA 0.00 

- - - - - - - - -
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ATTACHMENT A 

System Head Test Data and Graphs 



System Head Test - NFFW-4 

Navy Fuel Farm Facility 
Naval Air Station Willow Grove 
Horsham Township. Pennsylvania 

VACUUM 
(in Hg) 

12 
8.1 
5 

3.2 
2 

Velocity 
(fpm) 
1700 
1500 
1300 
1000 
500 

Flow Rate 
(cfm) 
37.06 
32.70 
28.34 
21.80 
10.90 

"I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Naval Air Station Willow Grove 
System Head Test - NFFW4 
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Naval Air Station Willow Grove 
System Head Test - NFFW-4 

40~----------------------------------------------------~ 

35-t----

30 

25 -'---'-'-- .---.-....... _-.-_ .. ---................. -....... ---......... -_ ...... -._._ ............... -......... -_ .. 

-20 .----.-.---... --..... --.... -.-... -.----.. --.. --.. -... 

~ u:: 15 .----.-.---.-.... --....................... -.-............. -.... -..... _ ................................. --._ ...... . 

10 --.. ----- ----.. ---.-----..... -...... -.-..... --.-............ - ........ - ...................................... ---

5 -----.------------.............. --.-.. ----.-.--.-.--.--.-.-........ - ... -----..... --.-........ . 

O+-------.-------.-------.-------r-------r-------r-----~ 

o 2 4 6 8 10 12 14 
Vacuum (inches Hg) 



System Head Test - NFFW-7 

Navy Fuel Farm Facility 
Naval Air Station Willow Grove 
Horsham Township. Pennsylvania 

VACUUM 
(in Hg) 

10 
7.5 
4.5 
2.B 
1.9 

Velocity 
(fpm) 
1700 
1300 
1000 
500 
250 

Flow Rate 
(cfm) 
37.06 
2B.34 
21.80 
10.90 
5.45 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Naval Air Station Willow Grove 
System Head Test - NFFW-7 

0 2 4 
VarLm (inchesslig) 

10 12 14 
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40 

Naval Air Station Willow Grove 
System Head Test - NFFW-7 
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30 ................ - ... -... -..... --_ .............................. --.-.... --.. -.-... -----........ . .. _ .. _ .... - ... _--._ .......... _ .. -.-.......... -...................... -

I 25 
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... __ .... _-_ ..... _-_ .. __ ........ _-----:;,,....<;.._ ............... _ ..... _ ... _ ....... __ ........... __ ._ .. __ .. _ ........ _ ......... __ . 

-20 

I ~ 
---.. - .. - .. ---.. --.. -r-------.. --....... ---...... --................................... _ ..... --... _-........ -.-

I 
I 
I 
I 
I 
I 
I 
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u: 
15 ,--,--_ ....... _-_ ....... _-' ... __ .. _ .... -.........•.•••.....•..• _ ............................. .. 

10 ......... -_ ... _-....... -

5 ......... --....... -.- .. ---..... --... --........ -.-.----...... -----........ -----...... --.-.............. ------.. --

O+-------------.-----------.---------~------r-------r-----------._------~ 

o 2 4 6 8 10 12 14 
Vacuum (inches Hg) 



Flow Rate 

. . 

System Head Test - NFFW-16 

Navy Fuel Fann Facility 
Naval Air Station Willow Grove 
Horsham Township, Pennsylvania 

VACUUM 
(in Hg) 

14.8 
11 
6.8 
3.5 
2 

Velocity 
(fpm) 
2000 
1500 
1000 
500 
100 

Flow Rate 
(am) 
43.60 
32.70 
21.80 
10.90 
2.18 

--------
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I 
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Naval Air Station Willow Grove 
System Head Test - NFFW-16 
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Naval Air Station Willow Grove 
System Head Test - NFFW-16 
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RESULTS OF SOIL VAPOR EXTRACTION TESTS - 6 JULY 1995 

1.0 INTRODUCTION 

This report presents the results of the second soil vapor extraction (SVE) tests conducted 6 July 
1995 at the Naval Fuel Farm Facility, Naval Air Station Willow Grove, Horsham Township, 
Pennsylvania. These tests were conducted during a period of low water table elevation. The 
first SVE tests were performed on 6 April 1995 during high water table conditions. Results of 
the April 1995 testing were issued in a letter report dated 31 May 1995. The second tests were 
conducted in order to evaluate the potential for SVE during low water table conditions. The 
tests, as outlined in the Revised Work Description dated 22 February 1995, included both 
system head and radial influence tests on wells NFFW-4 and NFFW-16. NFFW-7, which was 
tested in April 1995, was not tested a second time because it had been damaged during the 
removal of the soil piles from the surrounding area. The well casing had been cracked and 
would allow ambient air to enter the well from the surface when a vacuum was applied. 
NFFW-4 and NFFW-16 were chosen to assess SVE performance in areas with varying 
amounts of free phase product. Product has not been observed in NFFW-4 and has been 
consistently present in NFFW-16. The well locations are indicated on the Site Plan in Figure 
1. The following describes the testing and data collection methodologies and presents the 
testing and sample analyses results. 

Soil vapor extraction is a widely used remedial technique capable of removing volatile organic 
compounds (VOC) from the subsurface. In this process, a vacuum is applied to an extraction 
well inducing air flow through the vadose zone. As air moves through the soil, residual phase 
VOC are volatilized and removed from the subsurface through the extraction well. 

In order to effectively assess the applicability of SVE as a remedial technology in the areas 
surrounding wells NFFW-4 and NFFW -16, two separate SVE tests were conducted. These 
tests were designed to evaluate the relationships between (1) applied vacuum and extracted air 
flow rate and (2) applied vacuum and radial influence. VOG concentration and removal rates 
were also characterized as part of the radial influence test. 

1-I 
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RESULTS OF SOIL VAPOR EXTRACTION TESTS - 6 JULy 1995 

1.0 INTRODUCTION 

This report presents the results of the second soil vapor extraction (SVE) tests conducted 6 July 
1995 at the Naval Fuel Farm Facility, Naval Air Station Willow Grove, Horsham Township, 
Pennsylvania. These tests were conducted during a period of low water table elevation. The 
first SVE tests were performed on 6 Apri11995 during high water table conditions. Results of 
the April 1995 testing were issued in a letter report dated 31 May 1995. The second tests were 
conducted in order to evaluate the potential for SVE during low water table conditions. The 
tests, as outlined in the Revised Work Description dated 22 February 1995, included both 
system head and radial influence tests on wells NFFW-4 and NFFW-16. NFFW-7, which was 
tested in Apri11995, was not tested a second time because it had been damaged during the 
removal of the soil piles from the surrounding area. The well casing had been cracked and 
would allow ambient air to enter the well from the surface when a vacuum was applied. 
NFFW-4 and NFFW-16 were chosen to assess SVE performance in areas with varying 
amounts of free phase product. Product has not been observed in NFFW -4 and has been 
consistently present in NFFW-16. The well locations are indicated on the Site Plan in Figure 
I. The following describes the testing and data collection methodologies and presents the 
testing and sample analyses results. 

Soil vapor extraction is a widely used remedial technique capable of removing volatile organic 
compounds (VOC) from the subsurface. In this process, a vacuum is applied to an extraction 
well inducing air flow through the vadose zone. As air moves through the soil, residual phase 
VOC are volatilized and removed from the subsurface through the extraction well. 

In order to effectively assess the applicability of SVE as a remedial technology in the areas 
surrounding wells NFFW-4 and NFFW -16, two separate SVE tests were conducted. These 
tests were designed to evaluate the relationships between (l) applied vacuum and extracted air 
flow rate and (2) applied vacuum and radial influence. VOC concentration and removal rates 
were also characterized as part of the radial influence test. 

1-1 



2.1 s dT 

2.2 

2.0 TESTING METHODOWGY 

The testing was conducted utilizing a mobile vent trailer. The trailer consists of a vacuum 
pump equipped with a moisture separator, activated carbon treatment canisters, flow and 
vacuum gauges, and sample ports. The vacuum extraction system is shown schematically in 
Figure 2. 

2.t System Head Test 

Individual system head tests were conducted on each of the, two test wells in order to develop 
site specific relationships between applied vacuum and extracted air flow rate. The tests were 
conducted by applying different extraction vacuums to the wen in a increasing stepped 
manner. Each vacuum was applied until the corresponding flow rate stabilized, this occurred 
within approximately 15 minutes in each case. Once the flow rate stabilized, a different 
vacuum was applied and the test was repeated. System head tests were conducted before radial 
influence tests. 

2.2 Radial Influence Test 

Radial influence tests were used to measure the radial distance influenced by the applied 
vacuum at the extraction wen and to assess voe removal rates. The radius of influence was 
measured by installing six soil vapor probes into the subsurface at various distances in two 
directions from the extraction well. The distances and orientation of the probes are indicated 
in Figures 3 and 4. for the tests conducted from wells NFFW-4 and NFFW-16, respectively. 
The O.75-inch diameter soil vapor probes were driven to a depth of approx.imately 5 to 8 feet 
below grade and fitted with gauges capable of sensing changes in soil air pressure. During 
each test a constant vacuum, determined from the system head test, was applied t.o the 
extraction well for approximately two hours and the induced vacuum on the soH vapor probes 
was recorded regularly. Vapor flow rate, extraction pressure and temperature were also 
recorded throughout the test. 

To assess voe removal rates, samples of extracted soil vapor were collected approximately 
every 30 minutes and analyzed for petroleum range and chlorinated hydrocarbons. The 
samples were analyzed onsite with EA's mobile field gas chromatograph. The analysis results 
and the extraction air volume flow rate were utilized to assess the voe mass removal rates 
associated with each test wen. 
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3.0 RESULTS 

3.1 System Head Test 

The results of the system head test are contained and displayed graphically in Attachment A. 
The individual tests produced relationships between applied vacuum and observed flow rate 
consistent with the nature of the subsurface at the Naval Fuel Farm Facility. In general, the 
results indicate the area is characterized by a low permeability subsurface resulting in a high 
vacuum - low flow rate relationship. Applied vacuums ranged from 1 to 5 inches mercury 
(Hg) while observed flow rates ranged from 8.7 to 37.6 cubic feet per minute (cfm). In 
general, a higher flow rate was achieved in NFFW-4 than in NFFW-16 for the same applied 
extraction pressures. 

3.2 Radial Influence Test 

The radial influence tests produced varying results. Relationships between applied vacuum and 
radial influence for each test are summarix.ed in Tables 1 and 2 for wells NFFW-4 and NFFW- 
16, respectively. The tests on wells NFFW-4 and NFFW-16 were conducted at extraction 
pressures of 4 inches Hg with corresponding average flow rates of 37 and 16 cfm respectively. 
In general, the greater radial influence was observed from well NFFW-16 and minimal radial 
influence was present in the vicinity of well NFFW-4. The effective zone of radial influence 
about each well, which is defined as the area within a differential pressure of 0.10 inches of 
water (Brown et al. 1991; Keech 1989), is approximately 5 ft for NFFW4 and 25 ft for 
NFFW-16. This estimate is based on an observed vacuum of 0.1 inches of water in the 
monitoring points. 

The analytical results of petroleum and chlorinated hydrocarbon analyses, along with 
corresponding vacuum, flow rate, and influent air stream temperature readings, are 
summarized on Tables 3 and 4, respectively. Table 3 also includes the estimated petroleum 
and total VOC removal rates while Table 4 also includes the estimated chlorinated VOC 
removal rates. Tables 3 and 4 also include the results of one treated (after carbon) effluent 
sample per test. The results of this sample were non detect. The effluent sample was 
collected to demonstrate effective treatment of the air emissions was attained during the SVE 
tests. 

Petroleum VOC removal rates in pounds per day were calculated for each sample collected 
based on total petroleum hydrocarbons (TPH) as toluene equivalents; the equation used is 
given in Table 3. Extraction from well NFFW-16 produced the highest average petroleum 
hydrocarbon removal rate (1.0 pound per day) while extraction from well NFFW-4 resulted in 
a minimal average removal rate of less than 0.05 pounds per day. 

The results of the chlorinated hydrocarbon analysis indicated the presence of several target 
compounds in samples from NFFW-4 while samples from NFFW-16 contained no detectable 
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3.0 RESULTS 

3.1 System Head Test 

The results of the system head test are contained and displayed graphically in Attachment A. 
The individual tests produced relationships between applied vacuum and observed flow rate 
consistent with the nature of the subsurface at the Naval Fuel Farm Facility. In general, the 
results indicate the area is characterized by a low permeability subsurface resulting in a high 
vacuum - low flow rate relationship. Applied vacuums ranged from 1 to 5 inches mercury 
(Hg) while observed flow rates ranged from 8.7 to 37.6 cubic feet per minute (cfm). In 
general, a higher flow rate was achieved in NFFW-4 than in NFFW-16 for the same applied 
extraction pressures. 

3.2 Radial Influence Test 

The radial influence tests produced varying results. Relationships between applied vacuum and 
radial influence for each test are summarized in Tables 1 and 2 for wells NFFW-4 and NFFW-
16, respectively. The tests on wells NFFW-4 and NFFW-16 were conducted at extraction 
pressures of 4 inches Hg with corresponding average flow rates of 37 and 16 cfm respectively. 
In general, the greater radial influence was observed from well NFFW-16 and minimal radial 
influence was present in the vicinity of well NFFW-4. The effective zone of radial influence 
about each well, which is defined as the area within a differential pressure of 0.10 inches of 
water (Brown et al. 1991; Keech 1989), is approximately 5 ft for NFFW-4 and 25 ft for 
NFFW-16. This estimate is based on an observed vacuum of 0.1 inches of water in the 
monitoring points. 

The analytical results of petroleum and chlorinated hydrocarbon analyses, along with 
corresponding vacuum, flow rate, and influent air stream temperature readings, are 
summarized on Tables 3 and 4, respectively. Table 3 also includes the estimated petroleum 
and total VOC removal rates while Table 4 also includes the estimated chlorinated VOC 
removal rates. Tables 3 and 4 also include the results of one treated (after carbon) effluent 
sample per test. The results of this sample were non detect. The effluent sample was 
collected to demonstrate effective treatment of the air emissions was attained during the SVE 
tests. 

Petroleum VOC removal rates in pounds per day were calculated for each sample collected 
based on total petroleum hydrocarbons (TPH) as toluene equivalents; the equation used is 
given in Table 3. Extraction from well NFFW-16 produced the highest average petroleum 
hydrocarbon removal rate (1.0 pound per day) while extraction from well NFFW-4 resulted in 
a minimal average removal rate of less than 0.05 pounds per day_ 

The results of the chlorinated hydrocarbon analysis indicated the presence of several target 
compounds in samples from NFFW-4 while samples from NFFW-16 contained no detectable 
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level of chlorinated hydrocarbons. The occurrence of chlorinated hydrocarbons in NFFW-4 is 
not consistent with the occurrence of free product as NFFW-4 is in an area where free proouct 
has not been detected. The most prevalent chlorinated hydrocarbon present: in th.e extracted air 
samples from NFFW-4 was methylene chloride which was detected at a maximum 
concentration of 25 parts per million by volume (ppmv). The maximum total voe removal 
rate at NFFW-4, which includes both petroleum and chlorinated VOCs, was 0.26 pounds per 
day. , 
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4.0 DISCUSSION 

The results of the mend SVE test are summarized below followed by a comparison of the 
first and second SVE test results. Recommendations based on the second SVE test are also 

I presented. 

The results of the second SVE test are summarized as follows: 

I 
I 

. Applied vacuums during the system head test from NFFW-4 ranged from 1 to 4 
inches Hg at observed flow rates of 17.5 to 37.6 cfm while applied vacuums 
during the system head test from NFFW-16 ranged from 1 to 5 inches Hg at 
observed flow rates of 8.7 to 18.5 cfm (NFFW-16). 

I 

I 

I 

I 

a The effective zone of radial influence about each well was estimated at 
approximately 5 ft for NFFW-4 and 25 ft for NFFW-16. 

. Extraction from well NFFW-4 resulted in an average petroleum hydrocarbon 
removal rate of less than 0.05 pounds per day while extraction from well 
NFFW-16 resulted in an average removal rate of 1.0 pound per day. 

. Chlorinated hydrocarbons, mainly methylene chloride, were detected in samples 
from NFFW-4 while samples from NFFW-16 contained no detectable level of 
chlorinated hydrocarbons. 

A comparison of the two SVE tests is presented below: 

. Flow rates for NFFW-4 were consistent with those found in April but extraction 
pressures were signifkantly less to achieve the same flow rate, 12 in. Hg in 
April and 4 in. Hg in July to achieve the same flow of 37 cfm. NFFW-16 
exhibited signifkantly lower flow rates in July (18.5 cfm) than in April (44 
cfm). Noting that the same vacuum extraction blower was utilized during both 
tests, the maximum achievable extraction pressure was also significantly less 
during July (4 in. Hg) than in April (18 in. Hg). 

. The radial influence tests indicate a significant difference in radial influence 
between NFFW-4 (5 ft) and NFFW-16 (25 ft). These results are similar to 
those found during the April vent test with the exception of these results were 
more symmetrical for the two axis. The results of the April investigation 
indicate that the radial influence was not symmetrical. 

. Average petroleum hydrocarbon removal rates ( < 1 pounds per day) were 
minimal during this testing event for both wells tested. These removal rates 
were also less than those found during the April, (high water) testing event, 
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4.0 DISCUSSION 

The results of the :;econd SVE test are summarized below followed by a comparison of the 
fITst and second SVE test results. Recommendations based on the second SVE test are also 
presented. 

The results of the second SVE test are summarized as follows: 

• Applied vacuums during the system head test from NFFW -4 ranged from I to 4 
inches Hg at observed flow rates of 17.5 to 37.6 cfm while applied vacuums 
during the system head test from NFFW -16 ranged from 1 to 5 inches Hg at 
observed flow rates of 8.7 to 18.5 cfm (NFFW-16). 

• The effective zone of radial influence about each well was estimated at 
approximately 5 ft for NFFW-4 and 25 ft for NFFW-16. 

• 

• 

Extraction from well NFFW-4 resulted in an average petroleum hydrocarbon 
removal rate of less than 0.05 pounds per day while extraction from well 
NFFW-16 resulted in an average removal rate of 1.0 pound per day. 

Chlorinated hydrocarbons, mainly methylene chloride, were detected in samples 
from NFFW-4 while samples from NFFW-16 contained no detectable level of 
chlorinated hydrocarbons. 

I A comparison of the two SVE tests is presented below: 
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• 

• 

• 

Flow rates for NFFW-4 were consistent with those found in April but extraction 
pressures were significantly less to achieve the same flow rate, 12 in. Hg in 
April and 4 in. Hg in July to achieve the same flow of 37 cfm. NFFW-16 
exhibited significantly lower flow rates in July (18.5 cfm) than in April (44 
cfm). Noting that the same vacuum extraction blower was utilized during both 
tests, the maximum achievable extraction pressure was also significantly less 
during July (4 in. Hg) than in April (18 in. Hg). 

The radial influence tests indicate a significant difference in radial influence 
between NFFW-4 (5 ft) and NFFW-16 (25 ft). These results are similar to 
those found during the April vent test with the exception of these results were 
more symmetrical for the two axis. The results of the April investigation 
indicate that the radial influence was not symmetrical. 

Average petroleum hydrocarbon removal rates « 1 pounds per day) were 
minimal during this testing event for both wells tested. These removal rates 
were also less than those found during the April, (high water) testing event, 
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on re rate was 28 
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where the average petroleum hydrocarbon removal rate was 28 pounds per day. 

The following presents recommendations based on the SVE testing results: 

• The results of the second SVE test, as summarized above, indicate that SVE is 
not favorable during low water table conditions. As a result SVE from NFFW-4 
and NFFW-16 for the sole purpose of soil vapor recovery during low water 
table conditions is not feasible and is therefore not recommended. 
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Table 1 - Radial Influence Test Results for l\1fFW-4. Observed Vacuums (in. H20) at Radial Distances (ft) During the SVE Test 
Perlbrmed on 6 July 1995, Navy Fuel Farm Facility, NAS Willow Grove. 

Time (min) Applied Vacuum (in. Hg) Flow Rate (cfm) 5ft 10 ft 15 ft 20 ft 25 ft 30 ft 

15 4 37 0.05 OJ)1 0.01 0.03 0.02 0.05 

30 4 37 0.05 0 .. 01 0.01 0.03 0.02 0.05 

45 4 37 0.13 0 .. 04 0.03 0.04 0.02 0.06 

60 4 37 0 . .26 0.07 0.05 0.04 0.02 0.09 

75 4 37 030 0.05 0.05 0.05 0.02 0.09 

90 4 37 0.32 0.04 0.09 0.05 0.02 0.09 

lOS 4 37 0,32 0.04 0.10 0.05 0.02 0.09 

120 4 37 0.32 0.04 0.10 0.05 0.02 0.09 

135 4 37 0.32 0.04 0.10 0.05 0 .. 02 0.09 



Table 2 - Radial Influence Test Results for NFFW-16. Observed Vacuums (in. H20) at Radial Distances (ft) During the SVE Test 
Performed on 6 July 1995, Navy Fuel Farm Facility, NAS Willow Grove. 

I Time {min} I AEElied Vacuum {in. Hg} I Flow Rate {cfm} I 5ft I 10 ft I 15 ft I 20 ft I 25 ft I 30 ft 

15 4 16.3 0.50 0.40 0.30 0.10 0.00 0.00 

30 4 16.3 2.1 1.8 1.2 0.8 0.2 0.03 

45 4 16.5 2.2 1.8 1.3 0.5 0.15 0.02 

60 4 16.3 2.1 2.0 1.2 0.7 0.2 0.01 

75 4 16.3 2.3 2.0 1.1 0.7 0.2 0.02 

90 4 16.3 2.3 2.0 1.2 0.7 0.2 0.02 

105 4 16.3 2.3 2.0 1.2 0.7 02 0.02 

120 4 16.3 2.3 2.0 1.2 0.7 0.2 0.03 

135 4 16.3 2.3 2.0 1.2 0.7 0.2 0.03 

I 



Sample Dilte T'me Vacuum F!owRllte 

(Jig) (cfm) 

r·jFFW·4 6·.Jui'r' -95 1047 4 37 
NFP'iV~4 6~,}ldy ~95 1112 <1 37 
NFFW-4 6-Juiy ·95 1142 4 ,,~ 

..,·f 

NFP'¥~4 6 ... lu~y -95 1220 <I 37 

r~FFW-16 6-Juty ·95 1440 4 16 

t.,FPW-16 6·JuI¥ ~95 1534 4 16 

NFFV.'-16 6·Ju!y -95 1600 4 16 

NFFVv-16 6-July -95 1635 4 16 

NFPv'\I-16 Alter Cart>on 6-July -95 1700 4 16 

NNe ND - No! De!e>::led 

(aj - unable to quant,fy 

(oj· Includes total petroleum and chlormated hydrocarbons 

TPH emiSSIOn rate-s caiculated as foiloVoiS 

Infimmt 

Temperature 

(e) 

82 

82 

82 

82 

84 

114 

84 

84 

120 

Benzene Toluene Ethyit-enzene M&P -X~1eneS O-Xylenes TPH ~5 TOluene 

EquiValents 
(ppm'l) (ppmv) (ppmv) (ppmv) (ppmv) (ppmv) 

ND NO ND ND ~JD ND 
NO NO NO NO ND NO 
ND ND ND ND tJD :; 
NO NO ND ND NO 5 

99 23 6 NO 8.5 165 
15 54 ND NO 78 234 
12 52 ND ND 65 253 
19 61 ND NO 8.3 220 
ND ND ND ND NO ND 

Emlss!on Rate(poundslday) '" Q(cfml X Cfppmv) X P(atml X VJli X 0 4719iLlsecl X 864GOisecidav! X 92 1Wrnoll X 000221j;>ound!gl 

R(L-atmtmO;oK) X T(K) 

CUdm) X CIf1Dmvl X 0 0083 

',/ :;:- Volume 1'1 litre} 

R ~ iijea! gas c(Jns~an1 m 082l-atmrmo~~Kr 
T :;:: '/ap~:)f influent tempe-rr';:;tute 

TPH Removal Rate as 

Toluene Equivalents 

(pound5!day) 

000 

000 

002 

(105 

075 

106 

U5 

100 

NA 

- - - .. - .. .. 

TPH Emission Rate as TolalVOC 

Toluene Equlvalents Emission Rate (0) 

(pounds/day) (pounds/day) 

Nil. (t14 

NA {} 23 

NA 0.26 

NA 026 

NA 0.75 

NA 106 

NA 1 15 

NA 100 

000 000 

- -
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Table 4 - Sunvnary 01 ChIoOnated Hyaocoroon An_lyses 01 ExIr.cted Soil Vapor Dtling SVE Tests. 6 JUy 1995. Nao,y Fuel Farm Factlly. NAS 'MIow Grove 

Influent 

Sample Date Time VacLUn FloW Rate T efr4)er'I!,n TrtChloroeit1llne Carbon TeUchIOIide Trtchloroethene TeUchioroelh)1en. 

("Hg) ,elm) Ic) (ppmv) (ppmv) (pprrw) (ppmv) 

NFFW-4 6-JoJy -95 1047 4 37 82 NO NO NO 0.004 
NFAN-4 6-JoJy-95 1112 37 82 NO NO NO 0.004 
NFFW-4 6-JoJy -95 1142 37 82 NO NO NO 0.005 
NFFW-4 6-JoJy -95 1220 4 37 82 NO NO NO 0.002 

NFFW-16 6-JoJy -95 1440 16 84 NO NO NO NO 
NFFW-16 6-JuIy-95 1534 16 84 NO NO NO NO 
NFFW-16 6-JoJy -95 1600 16 84 NO NO NO NO 
NFAN-16 6-JoJy -95 1635 16 84 NO NO NO NO 

NFAN-16 Aner Carbon 6-JoJy -95 1700 16 120 NO NO NO NO 

NOIe NO - Not Delected 

Chiorinaled hydrocarbon removal/emission rlIles c_ted as fclews: 

Emission Ra!elpoun<lS/day)' 9(elml X C{ppmv! X ptatn" X VILI X 0 4719(1Jsec) X !I64QOjsecl<lay! X 8494<oomo!! X O.00221po!!1!1!gl 

RIL-a_K) X T(KI 

0082 X T(I(1 

V\n'Ier. 0 = Vapor Yo/ume flow rate 

C : Me\lrjlene thlonde concenlrlllon 

P = Vapor pres ..... 011 ppm me1t1ylene chIOIide i 1 EE-6 aim) 

V=V_ell Li1rel 

R = Odeal gas constant (0 082 L-atmhnol-KI 

T = Vapor influent tefl1)erature 

- .' - - - -
Mel1ylene CIiortde TrlIn5-1.2-OtctIoroetl1ene as-l.2-DlchIoroeU1ene ctIo!1neled Hydrocarbon ChIortnaI<!<! HyO:ocarbon 

(ppmv) (ppmv) (pprrw) Removal Rate Emissfon Rate 

\ptl\I\I.1sIlIay\ (po!.I1dsIday) 
14 NO NO 0.14 NA 
24 NO NO 0.23 NA 
25 NO 0-04 024 NA 
22 NO 0.03 (l.21 NA 

NO NO NO 0.00 NA 
NO NO NO 0.00 NA 
NO NO NO 0.00 NA 
NO NO NO 000 NA 
NO NO NO NA 0.00 
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System Head Test Data and Graphs 
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Results of System Head Test Performed on 6 July 1995 on NJ?FW-4. Navy Fuel Farm Facility, 
NAS Willow Grove. 

Results of System Head Test Performed on 6 July I995 on NFFW- 16. Navy Fuel Farm Facility, 
NAS Willow Grove. 

Vacuum (in. Hg) Velocity (fpm) 

5 849 

Flow Rate (cfm) 

18.5 

4 749 16.3 

3 633 13.8 

2 566 12.3 ~ 
‘1 
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Results of System Head Test Performed on 6 July 1995 on NFFW-4. Navy Fuel Farm Facility, 
NAS Willow Grove. 

I Vacuum (in. Hg) I Velocit~ (fErn) I Flow Rate (din) I 
4 1723 37.6 

3 1416 30.9 

2 1168 25.5 

1 801 17.5 

Results of System Head Test Performed on 6 July 1995 on NFFW-J6, Navy Fuel Farm Facility, 
NAS Willow Grove. 

I Vacuum ~in. Hg) I Velocit~ {fJ~m) I Flow Rate (cfm) I 
5 849 18.S 

4 749 16.3 

3 633 \3,8 

2 566 12.3 

1 401 8,7 
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NAVAL AIR STATION WILLOW GROVE 
System Head Test - NFFW-16 - 7-6-95 
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APPENDIX F 

HYDItOGEOLUGICAL REPORT - 31 March 1995 
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m 3 1 iMarch 1995 

Mr. Paul Briegcl 
c/o Commanding Officer, Northern Division 
Naval Facilities Engineering Command 
Mail Stop 82, Attn.: Code 405 l/PB 
10 Industrial Highway 

, 

Lester, Pennsylvania 19 113-2090 

RE: Contract No. N62372-92-D- 1296, CT0 No. 0009, NAS Willow Grove 

Dear Mr. Briegel: 

The primary purpose of this letter is to explain why EA feels it is not prudent to deepen well 
NFFW-2R by 20 A. Secondly, it serves to present hydrogeological site conditions based on the 
data coiiected over the past year. 

ue of DeeDening XFFW-tR 

In EA’s letter of 22 February 1995 which presented a revised work plan description, it was 
proposed that well NFFW-2R be deepened. At the time of this proposition EA requested 
additional hydrogeological information regarding the Naval Air Station from the Navy. The 
reports received were reviewed in conjunction with Fuel Farm data collected by EA to assess 
whether or not deepening NFFW-2R would create a possible cross-contamination situation. 
Based upon review of the RI report prepared by Halliburton NUS (Remedial Investigation Report 
for Sites 1.2, 3, and 5. Naval Air Station, Willow Grove, Pennsylvania, February 1993, Vols. I 
and II), and the hydrogeology report prepared by Earth Data (Hydrogeologist’s Report, Potable 
Water Treatability Study, Willow Grove Naval Air Station, August 1985); EA believes that if 
NFFW-2R is deepened approximately 20 fi, there would be the possibility of cross-contaminating 
the lower portion of the Stockton Formation which is utilized for onsite water supply. Following 
are pertinent geological and hydrological details about the Willow Grove site which aided in the 
determination. 

NAS W’illow Grove is underlain by the middle member of the Stockton Formation, which consists 
of interbedded shaie. siftstone, and sandstone. Competent bedrock typically begins at depths 
ranging from 6 to 3 5 fi below ground surface. The overburden consists mainly of fill material, 
silt, and clay. The regional dip of the bedrock strata is approximately 12 degrees to the 
northw+est. 
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------------------------------------------------------------------------------------, -® 

f\ 
Mr. Paul Briegel 
clo Commanding Officer, Northern Division 
Naval Facilities Engineering Command 
Mail Stop 82, Attn.: Code 4051IPB 
10 Industrial Highway 
Lester, Pennsylvania 19113 -2090 

31 March 1995 

RE: Contract No. N62472-92-D-1296. CTO No. 0009, NAS Willow Grove 

Dear Mr. Briegel: 

The primary purpose of this letter is to explain why EA feels it is not prudent to deepen well 
NFFW-2R by 20 ft. Secondly. it serves to present hydrogeological site conditions based on the 
data collected over the past year. 

Issue of Deepening i"FF\V-2R 

In EA's letter of22 February 1995 which presented a revised work plan description, it was 
proposed that well NFFW-2R be deepened. At the time of this proposition EA requested 
additional hydrogeological infonnation regarding the Naval Air Station from the Navy. The 
reports received were reviewed in conjunction with Fuel Fann data collected by EA to assess 
whether or not deepening NFFW -2R would create a possible cross-contamination situation. 
Based upon review of the RI report prepared by Halliburton NUS (Remedial Investigation Report 
for Sites 1,2,3, and 5. Naval Air Station, Willow Grove, Pennsylvania, February 1993, Vols. I 
and II), and the hydrogeology report prepared by Earth Data (Hydrogeologist's Report, Potable 
Water Treatability Study, Willow Grove Naval Air Station, August 1985); EA believes that if 
NFFW-2R is deepened approximately 20 ft, there would be the possibility of cross-contaminating 
the lower portion of the Stochon Fonnation which is utilized for onsite water supply. Following 
are pertinent geological and hydrological details about the Willow Grove site which aided in the 
determination. 

NAS Willow Grove is underlain by the middle member of the Stockton Fonnation, which consists 
of interbedded shale. siltstone, and sandstone. Competent bedrock typically begins at depths 
ranging from 6 to 35ft below ground surface. The overburden consists mainly of fill material, 
silt, and clay. The regional dip of the bedrock strata is approximately 12 degrees to the 
northwest. 



Mr. Paul Briegel 
Naval Facilities Engineering Command 
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The middle member is the most productive aquifer in the Stock,1:on Fonnation. T\\'o aquifer 
systems are present in the middle member - the water-table aquifer and the confined, artesian 
aquifer. Literature reports that the water table aquifer extends to a depth between 75 and 100 ft 
below ground surface at NAS Willow Grove. The water-table aquifer is capable of storing water 
which infiltrates from the suriace and it acts as a reserv'oir that supplies the underlying artesian 
aquifer. Fully developed artesian conditions are generally encountered below 150 ft. A senu
artesian or semi-confining unit exists between the two. A drop in pressure in the artesian aquifer 
\'Ilill induce a release of water from water-table storage through the semi-artesian zone. Water 
supply wells installed in the Stock1:on Fonnation in the vicinity ofWiHow Grove are generally set 
between 300 and 600 ft below ground surface. The two Navy water supply wells onsite at NAS 
Willow Grove are set at 398 ft (N\V-l) and 352 ft (NW-2), respectively. Fractures "vithin the 
bedrock are the primary providers of ground water. Due to fracture irregularity (in number, size, 
orientation. and connectedness), exactly determining ground-water conditions at depth is difficult. 

Navy Fuel Farm well NFF\V-2R is 35.5 ft deep. Deepening this weH20 additional feet would 
place it approximately 55 ft below ground surface. There are no wells at the Fuel Farm deeper 
than approximately 38 ft and therefore lithological legs are only available to that depth deeper. 
In erder to determine likely lithological and hydrogeological conditions at roughly 55ft, sources 
other than EA reports were re\liewed. 

The Rl report prepared by Halliburton NUS in 1993 was reviewed. Although this report does not 
include any investigations at the Fuel Farm, work was conducted at the Privet Road site located 
approximately 0.25 miles northeast of the Fuel Farm. In addition to existing site wells, 
Halliburton installed intermediate wells at depths between 85 and 92 ft (10 ft screens), and 
shallow wells between 28 and 40 ft (20 ft screens). Under standard supply well pumping 
operations (which tend to be cyclical) ofNW-l and NW-2, the shallow water-table aquifer at the 
site flows toward the northwest and the deeper "confined" portion of the aquifer flows toward the 
east southeast or toward the production wells. Cyclical drawdown., mimicking supply well 
pumping, was observed in the intennediate wells. Minor fluctuations were noted in the shallow 
wens but did not coincide with the pumping cycles. During pumping tests conducted in 
production wells NW-l and NW-2, a very strong response was observed in the intermediate 
wells. No observable drawdo\'vn in shallow wells was noted during the N\V-2 test but a subdued 
response was noted in shallow wells during the NW-l test. In one exception, a direct drawdown 
response was observed in one shallow well (PRW -4) while pumping 1'\1\1/-1. The subdued 
drawdown observed in most shallow wells indicates that some restricted inter-connection beti.vcen 
the shallow and deeper portions of the aquifer exists. The direct drawdmVTI response in PRW-4 
indicates that in some cases significant transmissivity exists behveen the shallow and deeper 
aquifer zones. This occurrence, coupled \'\lith the fact that intermediate wells closer to the 
pumping wells did not always show the greatest drawdovm, is indicative of an anisotropic fracture 
system, 

-------------------------
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The Hydrogeologist’s Report prepared by Earth Data in 1985 was also reviewed. Earth Data 
conducted pumping tests on production wells which showed responses sim.iiar to the HaIIiburton 
aquifer testing - with the deeper wells being strongly influenced and the shallow wells showing 
subdued responses to the pumping. One exception to this was a strong response exhibited in 
MW-4, a shallow well (3 1.5 ft deep with 10 fI of screen) installed by Earth Data. Earth Data’s 
conclusion was “This would indicate that the shallow aquifer is hydra&ally interconnected with 
the deep aquifer”. 

As a result of this review, EA’s assessment is that well NFFW-2R should not be deepened 
because of the possible risk of introducing contamination into the lower portion of the aquifer. 
The key reasons for this recommendation are: 

1. There is no lithological information deeper than approximately 40 ft at the Fuel Farm. AS 
a result, the lithology which will be encountered at approximately 55 A is unknown. If the 
Halliburton logs are utilized, and a 55 ft depth at the Fuel Farm is correlated to the Privet 
Road site, the lithology encountered would most likely be sandstone/siltstone. 
Unfortunately at the Privet Road site, this is the same Iithology iogged from beneath the 
overburden to the depth of the intermediate wells (set approximately between SO and 90 
ft) which show a strong response to aquifer pumping. There is no way of knowing where 
the lithological transition zone from the water-table aquifer to the confined aquifer lies 
between these depths. Even if the lithology was known, there is no way of knowing the 
fractures which may or may not be encountered. 

2. The Haliiburton intermediate wells screened between $0 and 90 feet show a strong 
response to production well pumping, and the shallow wells, screened to depths between 
20 and 40 feet generally showed oniy subdued responses (with a few exceptions showing 

- stronger responses). The Earth Data report presented similar findings. Without additional 
investigative drilling/coring, there is no way to know where in the 40 fi to SO ft interval, 
the transition to a direct response to supply we11 pumping would occur. At any rate, a 
subdued response in the shallow wells is reason enough to believe that there is some 
communication between the water-table aquifer and the confined aquifer. 

3 e Again, fractures pose a problem. Regardless of knowing the exact lithology and the depth 
of the “transition zone”; the irregularity of fractures and fracture systems (size , number, 
interconnectedness), would not ahow one to state definiteiy that a well set to 55 ft would 
not be a conduit for contamination to lower depths via fractures. 
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The Hydrogeologist's Report prepared by Earth Data in 1985 was also reviewed. Earth Data 
conducted pumping tests on production wells which showed responses similar to the Halliburton 
aquifer testing - with the deeper wells being strongly influenced and the shallow wells showing 
subdued responses to the pumping. One exception to this was a strong response exhibited in 
~1W-4, a shallow well (31.5 ft deep with 10 ft of screen) installed by Earth Data. Earth Data's 
conclusion was "This would indicate that the shallow aquifer is hydraulically interconnected with 
the deep aquifer". 

As a result of this review, EA's assessment is that well NFFW-2R should not be deepened 
because of the possible risk of introducing contamination into the lower portion of the aquifer. 
The key reasons for this recommendation are: 

1. There is no lithological information deeper than approximately 40 ft at the Fuel Farm. As 
a result, the lithology which will be encountered at approximately 55 ft is unknown. If the 
Halliburton logs are utilized, and a 55 ft depth at the Fuel Farm is correlated to the Privet 
Road site, the lithology encountered would most likely be sandstone/siltstone. 
Unfortunately at the Privet Road site, this is the same lithology logged from beneath the 
overburden to the depth of the intermediate wells (set approximately between 80 and 90 
ft) which show a strong response to aquifer pumping. There is no way of knowing where 
the lithological transition zone from the water-table aquifer to the confined aquifer lies 
between these depths. Even if the lithology was known, there is no way of knowing the 
fractures which mayor may not be encountered. 

2. The Halliburton intermediate wells screened between 80 and 90 feet show a strong 
response to production well pumping, and the shallow wells, screened to depths between 
20 and 40 feet generally showed only subdued responses (with a few exceptions showing 
stronger responses). The Earth Data report presented similar findings. Without additional 
investigative drilling/coring, there is no way to know where in the 40 ft to 80 ft interval, 
the transition to a direct response to supply well pumping would occur. At any rate, a 
subdued response in the shallow wells is reason enough to believe that there is some 
communication between the water-table aquifer and the confined aquifer. 

3. Again, fractures pose a problem. Regardless of knowing the exact lithology and the depth 
of the "transition zone"; the irregularity of fractures and fracture systems (size, number, 
interconnectedness), would not allow one to state definitely that a well set to 55 ft would 
not be a conduit for contamination to lower depths via fractures. 
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In order to characterize geological conditions at the Fuel Fann, ti,VO cross-sections were 
constructed. Figure 1 is a site map which shows the lines of section. Figures 2 and 3 represent 
cross-sections A-A' and B-B', respectively. An overburden isopach map (Figure 4) was also 
constructed to visually present the approximate thickness of unconsolidated sediment overlying 
the bedrock at the site. 

Figures 5 through 14 represent potentiometric and product isopach maps for the dates of gauging 
ranging from 4 April 1994 to 4 January 1995. Each gauging date is represented by two maps. 
The first map is the potentiometric or ground-water elevation map, and the second is the product 
thickness or isopach map. These maps present a picture of the hydrogeological nature of the site. 
As evidenced from the maps, when the water-table elevation falls, the areal extent of product 
measurable in wells and the product thickness in wells increases at the site. During periods of low 
water-table elevation, product occurs over much of the site (NFFVl wells 1, 2R, 6, 7, 12, 14, 16, 
19, and 20). \\l1en the water-table elevation is high, as shown for example on the 4 April 1994 
gauging event maps (Figures 5 and 6), fewer wells (in this case only NFFW-6) have an occurrence 
of product. 

In summary, the hydrogeologic data indicate that as the water-table elevation decreases, the 
amount offree-pha')e product increases; both in aerial ex1:ent and in thickness of the product layer 
observed in individual wells. Furthermore, during very dry periods, the water table drops below 
the bottom of the recovery well. Based on the evaluation of pumping test data as presented 
above, we cannot rule out the possibility that deepening well NFFW-2R has the potential to cross
contaminate the lower ponion of the aquifer which serves as the drinking water supply_ As a 
result, deepening :N"FF\V -2R is not recommended. 

Co.utinued Recoye.ry Activities 

Although taking the conservative approach of not deepening NFFW-2R reduces the potential of 
separate phase recovery during dryflow water-table elevation periods; the addition of the thermal 
oxidizer Vvill allow continued recovery during those periods. The installation of the thermal 

. oxidizer, as outlined in the re'vised work description letter dated 22 February 1995, will 21.110\\/ the 
vacuum-enhanced recovery system at NFFW -2R to be put back into operation in a more cost
efficient manner than v .. ·ith carbon absorption as previously used. The thermal oxidizer will enable 
the vacuum-enhanced recovery of petroleum hydrocarbons from the subsurface to continue even 
when the \vater table falls below the bottom ofweH NFFW-2R. As a result, remediation of the 
site can continue even during periods of low water-table elevation. 
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Please contact either of the undersigned at (410) 771-4950 if you have any questions or 
comments regarding this letter. 

Sincerely, 

Terri B. Lindsay 
Geologist 

Carl G. Reitenbach, P.E. 
CT0 Manager 

cc: P. Greco. NAS Willow Grove 

J. Colter, North Div 

C. Houiik, EA 

S. MoreEras, EA 

B. Pamella, EA 

f?’ s6ooo9vcacdJ3~l.395 
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Please contact either of the undersigned at (410) 771-4950 if you have any questions or 
comments regarding this letter. 

cc: P. Greco. NAS Willow Grove 

J. Colter. North Div 

C. Houlik. EA 

S. Morekas. EA 

B. Parnella. EA 

Sincerely, 

J..tM.<·S~7 
Terri B. Lindsay 
Geologist 

ajJ·~ 
Carl G. Reitenbach, P.E. 
CTa Manager 
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