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1.0 INTRODUCTION 

Groundwater Technology Government Services, Inc. (GSI) has been contracted by the government 

to implement a Corrective Action Plan for the recovery of light non-aqueous phase liquid (LNAPL) at 

Piers 2 through 12 and 20 through 25, Norfolk Naval Base, Norfolk, Virginia. Pursuant to earlier 

discussions, a modification to the delivery order was approved for the determination of the 

delineation of the LNAPL plume or plumes at the site and for determination of the optimal locations 

for the proposed recovery wells. These determinations would be based on groundwater modeling 

of various scenarios and a geophysical survey of part of the site (Figure 1 ). 

During meetings with representatives of the Navy, it was reported that abandoned bulkheads are 

present beneath the site. The bulkheads may have an affect on the distribution and migration of 

the LNAPL and constitute a barrier between the proposed recovery wells and the LNAPL plume. It 

was also determined that none of the monitoring wells installed during the site assessment were 

surveyed with respect to a vertical datum. Therefore liquid-level measurements collected from the 

monitoring wells could not be used in any groundwater modeling until a common datum was 

established. 

Our efforts related to determining the plume location and optimal recovery well locations included: 

• Drilling and installation of six (6) monitoring wells in the vicinity of Piers 21 and 22 
and four (4) monitoring wells in the vicinity of Piers 2 through 4; 

• Collection of soil samples for laboratory analysis of petroleum hydrocarbons; 

• Collection of liquid-level measurements from all of the monitoring wells at the site; 

• Surveying monitoring wells to tie them to a single vertical datum; 

• Conducting rising-head permeability tests in ten monitoring wells; 

• Performing hydrogeologic modeling of the groundwater at the site using the above 
data to evaluate the proposed location of the interceptor trench and recovery wells; 
and 

• Conducting a geophysical survey using vertical induction profiling of the area 
located between the tank farm and Piers 6 and 7 on the north side of the site to 
ascertain plume limits; 

• Disposal of soil cuttings generated during soil boring activities and treatment and 
discharge of water generated during well development and groundwater sampling. 
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2.0 INVESTIGATIVE METHODS 

2.1 Rising Head Permeability Tests 

On July 12 and 13, 1994, rising-head permeability tests were performed in monitoring wells MW-7, 

MW-32, MW-14, MW-39, MW-42 MW-51, MW-52, MW-53, MW-57 and MW-64 to evaluate the 

hydraulic characteristics of the water table aquifer (Figure 1 ). A rising-head permeability test 

involves the rapid removal of a volume (slug) of water from a well to lower the level of the water 

table below that of measured at static conditions. The rate at which the water level returns to static 

conditions is then observed by periodically measuring the water level in the test well and recording 

the elapsed time since the removal of the slug. The measured rate of recovery of the water level is 

a function of the hydraulic conductivity of the aquifer material in the vicinity of the test well. Data 

was collected from each monitoring well and processed so that the hydraulic conductivity can be 

reported for each monitor well. The data was processed using a software package, SLUGIX, 

developed by lnterpex Limited. SLUGIX is an inverse modeling formulation by Bouwer and Rice 

(1976). 

2.2 Soil Boring/Monitoring Well Installation 

On August 1 through 5, 1994, ten soil borings were installed to help delineate the LNAPL plume at 

the site. During drilling, a geologist logged soil samples and drill cuttings for soil classification. 

Collection of split-spoon soil samples occurred at each of the following depths: 2 to 4 feet (ft.), 4 to 

6 ft., 6 to 8 ft., 10 to 12 ft., and 15 to 17 ft., below ground surface (bgs). A portion of each soil 

sample was scanned with an organic vapor meter (OVM) to measure volatile organic constituents in 

parts per million (ppm). All OVM readings were recorded on the drill logs. The soil samples 

collected at the water table (4 to 6 ft.) in each boring were submitted to a laboratory for analysis. 

Upon completion of all of the soil borings, monitoring wells were installed to a depth of 18-feet bgs. 

Each well was constructed of 4.0-inch diameter Schedule 40 poly-vinyl chloride (PVC) 0.010 inch 

factory slot screen which extended approximately 3 feet above the static water table level. Drill 

cuttings were stored in labelled DOT-approved, 55-gallon drums pending classification for disposal 

options. To counter the effects of drilling and maximize the hydraulic connection between the well 

and the surrounding aquifer, each well was developed using a pump. Development water was 

stored in 55-gallon drums staged at three locations approved by the Naval Technical 
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Representative (NTR). 

The top of the casing of each new and existing monitoring well was surveyed to within 0.01 foot 

vertical and 0.1 foot horizontal accuracy using a series of temporary benchmarks. The temporary 

benchmarks were tied to a U.S. Geological Survey benchmark at the Base and to horizontal 

mapping controls. 

2.3 Groundwater Monitoring 

The 41 existing and 10 newly installed monitoring wells were gauged once between August 8 and 

12, 1994. Liquid-levels in the monitoring wells were measured to 0.01 foot accuracy from a 

permanently marked survey point on top of each well casing. This allows measured values to be 

directly compared to a common datum and each other. Measurements made in the field included 

depth to water, depth to liquid-phase hydrocarbons (if present}, and thickness of liquid-phase 

hydrocarbons (if present). 

2.4 Geophysical Survey 

From August 22 through 24, 1994, vertical induction profiling (VIP) geophysical survey was 

conducted in the vicinity of Piers 6 and 7 and adjacent to the tank farm. The objective of the VIP 

survey was to locate areas in the subsurface with anomalously high electrical resistivities, indicating 

the potential presence of released petroleum hydrocarbons. The VIP involves placing a transmitter 

coil on the ground surface which generates a primary,_ alternating electromagnetic field. For each 

monitoring well within the VIP survey area, a receiver coil is configured in a slim hole probe 

allowing data collection from a 2-inch diameter, or greater, PVC cased hole. A profile is measured 

by raising a receiver coil in a nearby monitoring well at a slow rate and recording voltages induced 

by the primary and secondary electromagnetic fields. The signal profile at the receiver probe may 

be interpreted as a "relative resistivity" log of the section below the transmitter and receiver. Data 

was collected from monitoring wells MW-53, MW-54, and MW-60. 

Changes in the resistivity may indicate the presence of hydrocarbon contaminants, salt water, 

buried metals, and changes in lithology, etc. In many cases, to ensure the collection of valid 

electromagnetic readings, the site was logged more than once to confirm that the data collected 

was repeatable. The effective depth "profiled" is from 1 foot above the bottom of the monitoring 

well, approximately 22 feet deep, to 4 feet below the ground surface. 

3 

DO(iJ GROUNDWATER 
ODD TECHNOLOGY 



2.5 Groundwater Modeling 

Data gathered during soil boring activities, groundwater monitoring and compiled during the rising

head permeability tests were incorporated so that groundwater modeling scenarios could be 

performed. The model was used to depict groundwater flow in the vicinity of Piers 4, 5, and 7 and 

Piers C through H, and the petroleum terminal. Once the groundwater flow direction and magnitude 

were determined (within modeling parameters), a specific conceptual model was generated for the 

site. The model was used to evaluate the proposed locations for the recovery trench and 

subsequent recovery wells. Initial placement of the recovery trench was based on the CAP. 

Several scenarios were evaluated including: 

• Groundwater flow under static (non-pumping) conditions; 

• Groundwater flow under passive conditions with a recovery trench and inactive 
(non-pumping) recovery wells; 

• Groundwater flow under pumping conditions with a recovery trench and five active 
(pumping) groundwater recovery wells; 

• Groundwater flow under passive conditions, with five inactive (non-pumping) 
recovery wells located perpendicular to groundwater flow along the downgradient 
edge of the LNAPL zone, adjacent to the bulkheads; 

• Groundwater flow under pumping conditions with five active (pumping) recovery 
wells located perpendicular to groundwater flow along the downgradient edge of the 
LNAPL zone, adjacent to the bulkheads; and 

• Groundwater flow under pumping conditions with nine active (pumping) recovery 
wells located throughout the extent of the LNAPL accumulation zone. 

The FLOWPATH model was used to simulate groundwater flow conditions associated with the 

various groundwater extraction/LNAPL recovery scenarios evaluated. FLOWPATH, developed by 

the Waterloo Hydrogeologic Software Group, is a numerical model capable of evaluating steady

state, two-dimensional flow in anisotropic and heterogeneous porous media. Zones of varying 

hydraulic conductivity (i.e., natural soils, trench backfill, etc.) and varying vertical infiltration were 

incorporated into the model for predictive analysis. 

Using existing site specific information contained in the Corrective Action Plan (Versar, 1993) and 

data obtained from rising head permeability tests and monitoring well gauging events conducted by 

Groundwater Technology Government Services, Inc., in July and August 1994, model input 

parameters and assumptions were established as follows: 
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i \ 
• . ',. \ Static groundwater elevations were simulated to represent the August 8 through 121 r·: 

1994 data. The influence of tidal fluctuations on groundwater levels was not ',. · 
incorporated in the modeling due to the fact that tidal fluctuation field data have not 1

· 

- been collected. The tidal influence ·may effect the ability of a groundwater 
extraction system to control and collect LNAPL at the site. 

• A constant head groundwater elevation boundary of five feet above sea level was 
initialized along the waterfront area. This was based on groundwater elevations 
greater than five feet recorded at monitoring wells along the waterfront adjacent to 
the piers. 

• The hydraulic conductivities of the site soils were assigned based on the results of 
the July 1994 rising head permeability tests. Values input to the model ranged from 
5 feet per day (ft/day) to 47.5 ft/day. For the area along the bulkhead, a hydraulic 
conductivity of 0. 5 ft/day was established to represent a reduced flow condition in 
this area. This hydraulic conductivity value is one order magnitude lower than the 
lowest rising head permeability test value. 

For trench simulation, a hydraulic conductivity of 500 ft/day was used to represent 
the backfill material of the trench. This value is two orders of magnitude greater · 
than the lowest hydraulic conductivity value determined from the on-site rising head 
permeability tests. 

• The porosity of the natural soils was set a 0.25 with the exception of the area along 
the bulkhead which was initialized at 0.6 to represent the more impermeable flow 
conditions in this area. 

1
c..> . '\ 'l, .. :\ 

• A vertical recharge component of 0.004 ft/day was initialized in the center of the 
tank farm area to account for the higher groundwater elevations and slight 
mounding of groundwater observed in this area during the groundwater gauging 
measurements. Vertical recharge was excluded from all other areas of the model. 

• The initial saturated thickness of the site model was set at approximately 25 to 27 
feet with the bottom of the modeled zone established at an elevation of 20 feet 
below sea level. 

• Vertical extraction wells and the trench depth were set as fully penetrating the 
thickness of the flow zone. Due to the two dimensional nature of the flow model 
that was used, the vertical depth of the extraction points and trench could not be 
less than the vertical thickness of the flow zone. 

• Due to the fact that FLOWPATH is a groundwater simulation model only, the 
interaction of multi-phase flow (groundwater and LNAPL) could not be evaluated. 
Therefore, an assumption has been made that the area of influence approximated 
by modeling of the various groundwater extraction systems is equal to the area of 
influence that would effectively control and recover the LNAPL. This is a generally 
accepted assumption. 
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2.6 Drill Cuttings and Purge Water Disposal 

During the drilling of the monitoring wells, drill cuttings were stored in twenty (20) 55-gallon drums. 

A composite soil sample was collected from the drill cuttings and submitted to a laboratory analysis. 

The soils were disposed in compliance with contract, state, federal and local regulations. Prior to 

transport, a completed material characterization form and the soil sample analytical results were 

provided to the remediation contractor for acceptance of the soils. On October 14, 1994, the drums 

were transported with a waste manifest to a thermal remediation facility located in Chesapeake, 

Virginia. A copy of the completed material characterization form, composite soil sample analytical 

results and non-hazardous waste manifest is presented in Appendix A. 

During monitoring well development and drilling equipment decontamination activities, development 

and decontamination water was stored in ten (10) 55-gallon drums on the site. On September 27, 

1994, the water was treated using a portable carbon adsorption unit and discharged on the ground 

at the site in accordance with state permits. 
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3.0 INVESTIGATIVE RESULTS 

3.1 Soil Boring 

The stratigraphy directly beneath the site is characterized by interbedded sandy clay, sandy silt and 

clay as determined by the soil borings for monitoring well installation. Soil beds are approximately 

6 inches to 6 feet thick and do not appear to be continuous across the site. Sands are various 

shade of grey, medium to very fine-grained and loose. A copy of the drill logs including the well 

construction are presented in Appendix B. 

3.2 Soil Sample Analytical Results 

The TPH concentration in all of the soil samples collected was less than the laboratory's 20 

micrograms per kilogram (mg/kg) method detection limit with the exception of the samples. collected 

from monitoring wells GT-4, GT-5 and GT-6. The soil samples collected from monitoring wells GT-

4, GT-5 and GT-6 were 29 mg/kg, 12,000 mg/kg and 29 mg/kg, respectively. A summary of the soil 

sample analytical results is presented in Table 1 and a copy of the analytical report is presented in 

Appendix C. 

TABLE 1 
SUMMARY OF SOIL SAMPLE ANALYTICAL RESULTS 

Monitoring Depth Benzene 
Well (ft) (mg/kg) 

GT-1 4-6 <0.05 

GT-2 4-6 <0.05 

GT-3 4-6 <0.05 

GT-4 4-6 <0.05 

GT-5 4-6 <0.05 

GT-6 4-6 <0.05 

GT-7 4-6 <0.05 

GT-8 4-6 <0.05 

GT-9 4-6 <0.05 

GT-10 4-6 <0.05 

TPH = Total Petroleum Hydrocarbons 
mg/kg= micrograms per kilogram 

Toluene 
(mg/kg) 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

7 

Ethyl benzene 
(mg/kg) 

<0.10 

<0.10 

<0.10 

<0.10 

0.56 

<0.10 

<0.10 

<0.10 

<0.10 

<0.10 

Xylenes TPH 
(mg/kg) (mg/kg) 

<0.20 <20 

<0.20 <20 

<0.20 <20 

<0.20 29 

1.8 12,000 

<0.20 39 

<0.20 <20 

<0.20 <20 

<0.20 <20 

<0.20 <20 
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3.3 Groundwater Monitoring 

During the drilling of the soil borings, saturated soils were encountered at depths ranging from 5- to 

8-feet. The groundwater at the site is under unconfined hydraulic conditions. Well gauging data 

recorded on August 8 through 12, 1994, were used to prepare a potentiometric surface map 

indicating that the potentiometric surface is relatively flat with a slight mounding in the vicinity of the 

tank farm. This mounding at the tank farm may be a result of additional vertical recharge in the 

tank farm due to the existence of a gravel surface cover which is more permeable than the asphalt, 

concrete and structural cover throughout the other areas of the site. 

Light non-aqueous phase liquids (LNAPL) were detected in monitoring wells MW-11, MW-12, MW-

13, MW-15, MW-37, MW-43, MW-44, MW-49, MW-54, MW-59, MW-63, and GT-5. The thickness 

of LNAPL ranged from 0.19 feet in monitoring well MW-37 to 3. 77 feet in monitoring well MW-49 

(Table 2). A copy of the liquid-level measurements collected is presented in Appendix D. 

TABLE 2 
SUMMARY OF LIGHT NON-AQUEOUS PHASE LIQUID MEASUREMENTS 

AUGUST 8-12, 1994 

I 
MONITORING 

I 
LNAPL THICKNESS 

WELL (ft) 

MW-11 1.15 

MW-12 0.80 

MW-13 1.06 

MW-15 1.45 

MW-37 0.19 

MW-43 3.05 

MW-44 0.29 

MW-49 3.77 

MW-54 0.98 

MW-59 0.67 

MW-63 0.30 

GT-5 0.77 

LNAPL = Light Non-Aqueous Phase Liquid 
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3.4 Rising-Head Permeability Tests 

Based upon the modeling results using the SLUGIX software, hydraulic conductivity values at the 

site ranged from 1.29 feet per day (ft/dy) in monitoring well MW~32 to 47.58 ft/dy in monitoring well 

MW-64. The transmissivity ranged from 23.43 feet per day (ft/day) in monitoring well MW-32 to 

563. 77 ft/day to monitoring well MW-57. These hydraulic values are within the measured range of 

fine-grained sand (Freeze and Cherry, 1976). A summary of the results from the rising head 

permeability tests is presented in Table 3 and a copy of the results of the rising head permeability 

tests are presented in Appendix E. 

TABLE 3 
SUMMARY OF RISING-HEAD PERMEABILITY RESULTS 

MONITORING HYDRAULIC CONDUCTIVITY TRANSMISSIVITY 
WELL (ft/day) (ft/day) 

MW-7 6.68 126.78 

MW-14 29.30 477.65 

MW-32 1.29 23.43 

MW-39 5.39 99.34 

MW-42 6.86 58.00 

MW-51 2.96 48.77 

MW-52 5.06 92.88 

MW-53 6.16 110.11 

MW-57 23.22 563.77 

MW-64 47.58 347.84 

3.5 Geophysical Survey 

The results of the vertical induction profiles show no indication of a relative high resistivity anomaly 

at the top of the water table that would be indicate the presence of LNAPL. A relatively high 

resistivity anomaly is present at approximately 20-feet bgs in the surveyed area. The cause of this 

anomaly is unknown and it is doubtful that this anomaly can be attributed to dissolved-phase 

petroleum hydrocarbons since floating LNAPL was not detected floating on the water table. 
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The results of the geophysical survey show that no resistivity decrease is apparent with an increase 

in depth, which would be indicative of salt water intrusion. Salt water has a lower resistivity than 

groundwater and its presence should increase with depth due to its greater density. 

Higher relative resistivity features at depth may be an artifact of the VIP data processing algorithms, 

which do not compensate for the geometry of the dipolar electromagnetic field which decreases with 

depth in the monitoring well. Normalizing the data collected at the site with respect to the primary 

electromagnetic field might reduce the deep relative resistivity features, but would probably not 

develop any shallow anomalies corresponding to a LNAPL plume. 

The LNAPL plume delineated during previous assessment activities was not identified during the 

geophysical survey. Liquid-level measurements collected from monitoring wells (MW-51, MW-52, 

MW-53, MW-54, and MW-55) located within the geophysical survey area of investigation indicate 

that LNAPL is present. More than one factor may be influencing the results of the geophysical 

survey and masking the hydrocarbon plume. A combination of salt water intrusion, reworking of the 

subsurface soils through the expansion of the Base or installation of subsurface utilities may have 

influenced the resistive properties of the subsurface at the site. A copy of the geophysical report is 

presented in Appendix F. 

3.6 Groundwater Modeling 

Several LNAPL recovery scenarios were evaluated during the modeling process, five of which are 

presented. Static groundwater elevations representative of the August 8 through 12, 1994, gauging 

event are depicted in Figure 2 as a basis of comparison. This scenario reflects no remedial action 

at the site. Groundwater flow was modeled under the following scenarios: 

• Static (non-pumping) conditions; 

• Passive conditions with a recovery trench and inactive (non-pumping) recovery 
wells; 

• Pumping conditions with a recovery trench and five active (pumping) groundwater 
extraction recovery wells; 

• Passive conditions, with five inactive (non-pumping) recovery wells located 
perpendicular to groundwater flow along the downgradient edge of the LNAPL zone, 
adjacent to the bulkheads; 

• Pumping conditions with five active (pumping) recovery wells located perpendicular 
to groundwater flow along the downgradient edge of the LNAPL zone, adjacent to 
the bulkheads; and 
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• Pumping conditions with nine active (pumping) recovery wells located throughout 
the extent of the LNAPL accumulation zone. 

A passive trench system (i.e., no groundwater extraction to control groundwater gradients) is 

depicted in Figure 3. The hydraulic heads for this scenario match the static elevations as would be 

expected for a simulation that does not include active pumping. A passive recovery trench system 

would only recover LNAPL that migrates into the trench. The hydraulic gradient at the site is 

relatively flat, so there is no natural driving force that will assist the migration of LNAPL towards the 
\JI .\ 1 ,\' " \ 

trench. Potential LNAPL recovery yyould be ,r;ninimal under this scenario. 
'''"\\ ,\ .. ' . '·1·1., 

~ \ ' 1 -·' 
•I 

Steady-state groundwater elevations for the proposed recovery trench equipped with a groundwater 

extraction system are shown in Figure 4. The trench is modeled as operating at a total extraction 

rate of 15 gallons per minute (gpm). A one-year travel time capture zone is approximated at each 

recovery well. The flow lines in Figure 4 show the length of the travel paths over one-year at each 

well assuming continuous steady-state operation. This configuration, using a recovery tr~nch 

system, does not address major regions of the LNAPL plume. · .. 11 ~.:·~~\(" \, \ . 
1 

Steady-state groundwater elevations for the proposed passive five well recovery system located 

along the downgradient LNAPL zone, adjacent to the bulkhead are depicted in Figure 5. The 

hydraulic heads for this scenario match the static elevations as would be expected for a simulation 

that does not include active pumping. The system would only recover LNAPL that happens to 

migrate to the wells. Potential recovery would be minimal under this scenario. '~'· · 

Steady-state groundwater elevations for the proposed active five well recovery system located along 

the downgradient edge of the LNAPL zone, adjacent to the bulkhead, as shown in Figure 6. Each 

well is equipped with a groundwater extraction pump and is modeled as operating at 10 gpm. A 

one-year travel time capture zone is approximated at each recovery well based on the modeled 

steady-state pumping configuration. Only a small area of the most downgradient portion of the 

LNAPL zone is addressed under these operational parameters as modeled. ~ \)\'\ l OJu ':o "-

Steady-state groundwater elevations for an active well recovery system with nine wells located 

throughout the LNAPL accumulation area as shown in Figure 7. The wells are modeled as 

operating at 2 to 5 gpm each. A one-year travel time capture zone is approximated at each 

recovery well based on the modeled steady-state groundwater pumping configuration. A more 

complete coverage of the LNAPL zone is approximated by this modeling scenario under these 

operational parameters. 
\\ .. ' \' I. 
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4.0 RECOMMENDATIONS 

Based upon the results of the field activities and groundwater modeling, GSI recommends that 

present proposed recovery trench and recovery well locations not be used in the recovery of LNAPL 

at the site. The proposed recovery trench and recovery wells will not address a sufficient area of 

the LNAPL plume. There is no benefit associated with the installation of a recovery trench at the 

tank farm. The cost of a recovery trench would be higher than vertical recovery wells due to: 1) the 

need for shoring of the trench walls during excavation; 2) the relatively high number of subsurface 

utilities that will be encountered may result in disruption of service; 3) space constraints which will 

result in site congestion; and 4) excavated soil must be sampled, characterized and disposed. 

The results of the above groundwater modeling simulations indicate that the potentially most 

effective and feasible groundwater extraction/LNAPL collection system is a multiple vertical well 

system located throughout the major zone of LNAPL accumulation. By placing the extraction wells 

close to the LNAPL areas, the ability to recover the LNAPL material is increased. The placement of 

extraction wells strategically throughout the LNAPL plume may result in lower groundwater 

extraction rates in some areas. 

This type of strategy for recovery well placement is of particular importance due to the apparent 

subsurface control on LNAPL migration. As shown on each of the attached figures, the LNAPL 

accumulation zone appears to migrate perpendicular to groundwater flow along the downgradient 

bulkhead area. This may be a result of the bulkheads restricting LNAPL flow to some degree, 

and/or the presence of subsurface utilities and backfill that create preferred paths for migration. 

The passive collection scenarios offer no benefit to LNAPL collection beyond what may migrate into 

the collection points (inactive/LNAPL only recovery wells) due to natural/static groundwater flow 

conditions. This is represented by the modeled hydraulic head configurations for these two 

scenarios (Figures 3 and 5) which closely match the static head configuration of Figure 2. 

Therefore, LNAPL collection under passive operating conditions would not achieve the objective of 

LNAPL recovery over the impacted area. The other two extraction scenarios evaluated (active 

trench with recovery wells and active downgradient recovery wel!s) do not appear to influence a 

sufficient area of the LNAPL for effective or timely collection. As shown on Figures 4 and 6, the 

one-year groundwater capture zones approximated from the steady-state head configurations for 

these scenarios, do not encompass major portions of the LNAPL accumulation zone. 
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Eliminating the above alternatives, the nine well collection scenario presented in Figure 7 offers the 

best approach to achieve LNAPL collection across the impacted area of the site based on the 

available data and assumptions used. The nine well collection system can provide more coverage 

of the irregular shaped LNAPL plume and may require a lower total rate of groundwater extraction. 

With a greater coverage of the LNAPL plume by the nine well system, the clean-up objectives may 

be attained in a shorter period of time. Recovery well separation may result in higher construction 

costs for connecting piping and wiring, but this may also be compensated for by elimination of the 

trench installation and reduced length of system operation. 

The strategically place nine recovery well system offers the best approach, however, due to the 

lack of site specific characterization and performance data (i.e., tidal fluctuations, site specific 

aquifer pump testing, LNAPL recovery rates, etc.), a phased approach to final design and 

installation of the LNAPL collection system should be considered. Once these data are collected, a 

more detailed design evaluation can be conducted that would enhance the operational success of 

the recommended strategy of nine recovery wells located throughout the LNAPL zone. fro enhance 

the present evaluation, an approach that can be taken would be to install one LNAPL collection 

recovery well, and conduct a tidal fluctuation study followed by an aquifer pumping test and LNAPL 

recovery test. This information can then be used to further optimize the suggested well locations 

and the groundwater pumping rates.'" ,_, · · ) 

This type of phased approach could also reduce overall costs by enabling a better determination of 

site specific flow rates and LNAPL collection rates which, in turn, determines the design of the 

water treatment and LNAPL collection systems. This flow rate information is currently unavailable 

and is possibly resulting in overdesign of other components of the remediation system. Examples 

of potential overdesign include the selection of recovery well pumps; the types and size of LNAPL 

storage tanks; and the size of the water treatment system equipment. In addition, unsubstantiated 

flow rate data may impact operation and maintenance costs by ultimately requiring more frequent 

adjustments to equipment to compensate for engineering conservatism. 

The amount of additional time necessary for conducting a phased installation approach would be 

approximately 4 weeks of field activities and additional groundwater modeling. This work could be 

performed as part of the revised project to install a groundwater and LNAPL recovery system using 

nine strategically placed active recovery wells. 

The results of the modeling conducted indicate that vertical extraction wells located throughout the 

LNAPL area is the most feasible method for LNAPL recovery at the site. Therefore, the use of 

vertical recovery wells at the revised locations is recommended. 
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The phased approach to recovery well installation and additional field testing to enhance the final 

design and operational capability of the recommended recovery system, should also be considered. 
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ENVIRONMENTAL 

~ LABORATORIES, INC. 

Northeast Region 
Meadowbrook Industrial Park 
Milford, NH 0305.5 
(603) 672-4835 
(603) 673-8105 (FAX) 

September 9, 1994 

Paul Farrington 
Groundwater Technology Government 
Services, Inc. 
100 River Ridge Drive 
Norwood. MA 02062 

RE: GTEL Client ID: 
Login Number: 
Project ID (number): 
Project ID (name): 

Dear Paul Farrington: 

830012037 
M4080675 
830012037 
NAVAL BASE PIERS NORFOLK, VA 

Enclosed please find the analytical results for the samples received by GTEL 
Environmental Laboratories. Inc. on 08/27/94 under Chain·of·Custody Number(s) 
65637. : 

A formal Quality Assurance/Quality Control CQA/QC) program is maintained by 
GTEL. which is designed to meet or exceed the EPA requirements. Analyt;ical work 
for this project met QA/QC criteria unless otherwise stated in the footnotes. 

GTEL is certified by the State of Virginia under certification #00155. 

If you have any questions regarding this analysis, or if we can be of further 
assistance, please call our Customer Service Representative. 

Sincerely, 
GTEL Environmental Laboratories. Inc. 

nnn nnn 1 



GTEL Client IO: 
l.ogin Number: 
'roject ID (number): 
~roject ID (name): 

830012037 ANALYTICAL Kt~ULI~ 
H4080675 
830012037 
NAVAL BASE PIERS NORFOLK. VA 

Reporting. 

Volatile Organics 
Method: EPA 8020 
Matrix: Soil 

Analyte Limit Units Concentration:Dry Weight 
~@i.¢n~ ,e:::r . . . > ,. ·:. · t::J{::1y&:nmv:::::::m:%:1w~:Ml~#i!WJ.tt~:nnuunn<:P::?:QRrn;n::::w:: :n:::.:t:J.: :2+:x:::::::w::::::::::::::;n::r:3;:::y;::r:::::< .. ·:.· .•.•........ : ... 
Toluene 0.10 l!.)2/kg O.lOU -- --
g~y:)~.Q?;~.Qe.i:\~:J•••.' ······•·:L·.:~i:.:J;i,'.)'.;}L:/rt@;i;:rneJj[~~j{~f~~1;~~!Jtt(':[;:ucYH::~:;q;,;j~/M£L:u.:u::.:::;:.\;:ikf.:l!i>ffliWfr\j~'·:@t:<g:.:::f+;.);,::.:::::::::;: 
Xylenes (total) 0.20 mg/kg 0.80 
P~rcgnt ··s&t\&f H: .··.· · · .!••:r:;:c+ n<+:•:::n>&~.uunn:w:r)1x>T::>rw:x1iti:@:nrtu ::Lt::-: ::.:::::::;::rn::: :;p;:;c•c:.::m::::;::r.": . c .:•••;::.::.: · >•::::::·· · • · · 
Notes: 

Dilution Factor: 

The dilution factor indicates the adjustments made by the laboratory to results. and sample reporting l imlts for dilutions. 

EPA 8020: 

- ·.·- ->.:::··:_::_;::·;:-_:-: . 
.. -._ .. __ ._; .. :·:::::-·.:- .. :: 

·rest Methods for Evaluating Solid Waste. Physfcal/Chem1ca1 Methods". SW-846. Third Edit1on. Revision 1. US EPA July 1992. ·u· lnd1cates that the 

c~nd was analyzed for but not detected at or above the reporting 1 lmlt Indicated. 

H4080675-0l: 

> 6 deg C on receipt. 

GTEL Milford. NH 
M4080675:1 

nnn 1rnn J w,rnr:71 vR-vl-Rn 



Analyte 

Aroclor-1221 

Aroclor-1232 

Aroclor-1242 (1016) 

Aroclor-1248 

Arodor-1254 

Aro"clor-1260 

Client Number: 830012037 
Project ID: NAVAL BASE PIERS 

NORFOLK, VA 
Login Number: M4-08-0675 

ANALYTICAL RESULTS 

Polychlorlnated Biphenyls In Soil 
EPA Method aoaoa 

GTEL Sample Number 080675-Q1C - - --
Olent Identification COMP - -- --

Date Sampled 08/26/94 -- -- --
Date Extracted 08/30/94 -- -- --
Date Analyzed 09/07/94 -- -- -

Detection 
Limit, ug/kg Concentration, ug/kg 

40 44U -- -- --
40 44U -- - -
40 44U -- -- --
40 44U -- -- --
40 44U - -- --
40 44U -- - -

Detection Umit Multlpllerb 1.11 -- - -
Percent Solids, % 87.9 -- -- --

a Test Methods for Evaluating Solid Waste, SW-846, Third Edition, Revision 0, US EPA November 1986; 
Extraction by EPA Method 3550 Qow level sonlcation). Results are reported on a dry weight basis. 

b The detection llmit multiplier Indicates the adjustments made to the data and detection limits as a result 
of dilutions and percent solids. 

c > 6°C on receipt. 

U Indicates compound was analyzed for but not detected. 

GTEL Milford, NH 
A4080675.DOC : 1 
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ANALYrlCAL RESULTS 

Metals in TCLP Leachatea 

GTEL Sample Number 080675-01 

Client Identification COMP 

Date Sampled 08/26/94 

Dates Leached 08/29/94-
08/30/94 

Extraction Fluid 1 

Date Analyzed (Method 7470) 08/31/94 

Date Analyzed (Method 6010A) 09/01/94 

Dilution Factor (Method 601 OA)b 1 

Analyte 
(Re~ulatory 

Leve, mg/L) MethodC 
Reportln~ 

Limit. mg L 

Arsenic (5.0) 6010A 0.50 a.sou 
Barium (100) 6010A 1.0- 1.0 u 
Cadmium (1.0) 6010A 0.050 0.050 u 
Chromium (5.0) 6010A 0.050 0.050 u 
Lead (5.0) 6010A 0.50 0.50U 

Mercury (0.2) 7470 0.002 0.002 u 
Selenium (1.0) 6010A 0.20 0.20 u 
Sliver (5.0) 6010A 0.050 0.050 u 

Client Number: 830012037 
- Project ID: NIAVAL BASE PIERS 

NIORFOLK, VA 
Login Number: M4-08-0675 

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

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

Concentration, mg/L 

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

a TCLP performed as per 40 CFR, Part 261, Appendix II - Method 1311. These data are presented in 
accordance with the Federal Register, 57, p. 55114, November 24, 1992. 

b The dilutlon factor Indicates the adjustments made for dilutions. 

c Test Methods for Evaluating Solid Waste, SW-846, Third Edition, Revision 1, US EPA, July 1992. 
Digestion by Method 3010A for Method 6010A analytes and Method 7470 for mercury. 

U I ndlcates compound was analyzed for but not detected. 

GTEL Milford, NH 
A4080675.DOC : 2 
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GTEL Client ID: 
Login Number: 
Project ID (number): 
Project ID (name): 

830012037 ANALYTICAL RESULTS 
H4080675 
830012037 
NAVAL BASE PIERS NORFOLK. VA 

Reporting 

Extractable Organic Halides 
Method: EPA 600/AP 
Matrix: Soil 

E:~~~;~i~re or~~M~ .:tt~T1:~~$1w:::;;::;:.:v)::n:·~;~~:svrn:·~§~.~~:rnw:nx>:tt1111n\; >)!:~,~~•t'~G·!~:~~:~;,:~;~?:~0:~:,~{r :>:? ·•• .. :'+: <:: :'• :•. ··.· .. ·· 
Percent Solids X 87 .9 
~ 
D11ut1on Factor: 

The dl lutlon factor Indicates the adjustments made by the laboratory to results and sample reporting limits for dilutions. 

EPA 600/ APPX D: 

"Methods for COO'nlcal Analysis of Water and Wastes". EPA 60014-79-020. USEPA EHSL. Cincinnati. OH. Revised. Harch 1983. 'U" Indicates that the caq>OUnd 

was analyzed tor bUt not detected at or above the reporting 11m1t 1nd1cated. 

H4080675 ·01: 

> 6 deg C on receipt. 

GTEL Milford. NH 
M4080675:1 
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Sample 
Identification 

GTELNo. Client ID 

080675-01 COMP 

Client Number: 830012037 
Project ID: NAVAL BASE PIERS 

NORFOLK, VA 
Login Number: M4-08-0675 

ANALYTICAL RESULTS 

Percent Moisture 
EPA CLP Methocla 

Date 
Sampled 

.. 
08/25/94 

Date Percent 
Analyzed Moisture 

.. -
08/30/94 12.1 

a EPA CLP Statement of Work, ILM 01.01, Section IV, Part F. 

GTEL Milford, NH 
A4080S75. DOC : 3 
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Sample 
Identification 

GTELNo. Client ID 

080675-01 b,c,d COMP 

ANALYTICAL RESULTS 

Client Number: &30012037 
Project ID: NAVAL BASE PIERS 

NORFOLK, VA 
Login Number: M4-08-0675 

Total Recoverable Petroleum Hydrocarbons In Soil 
by Infrared Spectrometry 

Modified EPA Method 418.1a 

Date Date Date Percent Reporting Concentration, 
Sampled Extracted Analyzed Solids,% Limit, mg/kg 

mg/kg. 

-- -- - -- -- --
08/26/94 09/02/94 09/06/94 87.9 40 1500 

a EPA 600 / 4-79-020, March 1983 revision. Extraction modified for soils (Soxhlet). Concentration calculated 
on a dry weight basis. 

b Dilution Factor= 10.0. . 
c Sample anomaly. Not appropriate for evaluation. Spike diluted out. Due to Sample > spike. Supporting 

data LS090294-01 demonstrates accuracy. 
d > 6°C on receipt. 

GTEL Milford, NH 
A4080675.DOC: 4 
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EnviroTcch 

~ 
\1id-Atlantic 

EnviroTech Mid-Atlantic 
P.O. Drawer 72 
108 S. Main Street 
Chatham, Virginia 24531 
(804) 432-1901 

MATERIAL CHARACTERIZATION FORM 

EMA NO. 

r GENERATOR IDENTIFICATION: 

BUSINESS NAME ..... C ..... ou..M ....... N .... A~Y-B~A~'l:J~e-~ -~~~D .... · f__.N~4.___ ______________ _ 
I MAILING ADDRESS li:J3o· &i, ·eee.r 5r ·· 

JOB LOCATION NAVAL·fW,£ .13e;s.s 21 :(11gv s 
Srfi 1Do · CITY_.._,N._..IJ""'efo""'· ""'LL~,____ STATE Vk 

No(lf01 ~ STATE VA CITY 

PHONE 'il/i./ - E'if(,7 AUTHORIZED AGENT (jA'R;.Y, f?ot?€(2.1.~ 

I TYPE OF CONTAMINANT IN SOIL OGasoline 

TITLE NrDL 

Cl!f Diesel/#2 Oil OOther Fuel Oil ,!f Other Oil jp.;. 6° ~ 
f'o'r6J!T1AILLY l TYPE OF PROCESS GENERATING THIS MATERIAL 9(Leaking Underground Storage Tank OSurface Spill** 

( 

Analysis Attached_'t ......... £._,5'-----MATERIAL CHARACTERIZATION: 

I Arsenic* <Q.~Q ppm Selenium* ~ (i). :J...D ppm Benzene** ,,(_5& ppb 

L.. I. 0 Silver* <Q,0£30 ppm Toluene < l O!(J) ppb Sarium· ppm 

:::admium· <.Q,02,Q ppm PCB L..tf.1+ PP~~ Ethyl/benzene ~LO.'W. ppb 

I Chromium• L..o.Q$Q ppm Moisture 1:z. r O/o Total Xylenes 'i?(i:tQ ppb 
.,(..._ 1o _ead* L.. o. $" ppm OF TOX ppm 

I Mercury• Lo. oo:i- ppm TPH lza!2 ppm 

·By TCLP method .. By TCLP method if surface spill 

I 
PHYSICAL STATE: ~olid OLiquid/Slurry OSlurry 

PACKING: OBulk l!ll'brums Number ,,;)() 

3ULK VOLUME: OTons ----- Cubic Yards ____ _ 

' 
( "lEFERRAL INFORMATION: 

J 6£D"'1J!.t, c.. TO f!.. ...,- <"' - - } 
~ NAME G!ou!Jl>WA1E-f!. 1€c..HA.M>LDC.'( Gov64'.Jl.1,f!VL dEY?Vtl£~tJC... 

I ADDRESS 12<1<1.A t:xw.mvE (wo $rre tolz CITY Clje1>Ae64.rt' STATE VA 
-ELEPHONE (<Boi.f) t./3tr 7gff / 
1foJ Hb~ .r. ls I I FSl"fBSON :D\yLo e. 6wow r a.w H1ge.1AJ&TD~ 

lUTHORIZA TION: 
• 1f the above described soil was generated from a surface spill, I certify that the spilled material was entirely non-hazardous 
fuel petroleum. 

1 ;ignature of Authorized Agent-------------------------~--

t'rinted Name ________________ ntle _________ Date ____ _ 

'he analyses above were performed on a representative sample composite of this soil collected by approved EPA methods 
uch as those outlined in manual SW 846, chapter 9. This is a complete and accurate description of this soil and I hereby 

certify this material is not hazardous as defined by U.S. Department of Transportation (DOT), U.S. Environmental Protec
tion Agency (EPA), Slate or local regulations. 

I iignature of Authorized Agent ___________________________ _ 

Printed Name ________________ Title _________ Date ____ _ 

If you have any questions, please call one of our offices. 
Chatham, VA (804) 432-1901 

Blacksburg, VA (703) 231-3983 
Fredericksburg, VA (703) 371-7494 

Please sign and retum this form to Mr. Rkky Harris at the above address or fax number (804) 432-0278. Thank you. 

.·. . _., .• . 

. «.•, •. · .·· .. 

~~~;-~---~------
-~~-·.: 
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EnviroTech Mid-Atlantic 
,.~111-~i€!ff P. 0. BOX 1219 

NON HAZARDOUS 
SHIPPING MANIFEST , 

~-

108 S. Main Street 
Chatham, Virginia 24531 

".t 
MANIFEST NO. 0 ·1 3 7 0 6 " 

r.:-NSCI Environmental Inc. dba £nviroTach 
ENEBATOR lDENTICICATIQli..;_ 

uusiness Name:COMNAVDASE CODC N4 

Nid--Atlantic 

Ma.. i 1 ing Addr "":Hn 1530 GILBERT ST. GUI TE 200 Ci t.y /State: NORFOLJ(, VA 
hipment Origin;NAVAL DASE rIERS 21 THRU 5 City/State:NORFOLK, VA 
uthorized Agent:GARY nOFER Title: 

Emergenc~ Tel #:804-~~4-3967 Type of Process Generating MaterialaUST 
-<?sc::i-.iption ..:.if Mo.tei-i:::,l: 10 DRUMS CONTAINING SOIL CONTAMINATED WITH DIESEL & 

MATERIAL CHARACTER l·&ATI ON: 

. An;enic 
..... D1ffium 
C. l"lei-C:Lli"."'i 

• Ch1-omiL1m 

__ __pi-Jm 
_. _ ____ppm 
___ _ppm 
__ __ppm 

E. 
F. 
G. 
H . 

Silvs1-
Lead 
Selenium 
CadmiLtm 

__ __.ppm 

--~ppm 
__ __,ppm 
__ __,ppm 

DULK VOLUME: Tons Cubic: Yi.~q1s Other 

ONTAINEHS: Dr'ums Ne•. ---
r ..... !" 

Size:·.20 :f0 . ..t,.... ... 
Special Handling Instructions: NON-HAZARDOUS 
ire or Spill Instructions: NON-FLAMMABLE 

EMA Coda 

I. TPH 
J. TOX 
l<. PCB 
L. ,.Total BTEX 

.. auler Ident_i f'icati6n:HIGGERSON~£1UCHANAN._ .·INC. 
Site{ Dest.incation: ~!IGGERSON·-·Dt]CHANAN, INC.' "cHESAPEA~:'.E' VA 

_ __ppm 
_ _ppm 
__ __.ppm 
__ __.ppm, 

The .mater-·i~a.ls deHiC1-ibad above' w~1-e C:Qnsigned to the c:arrier; de$ign~ted. bal.ow. 
I c:e1·ti-fy',tha fore~oing;is trl.ie t\1' the>~be~t of.Iny knowledge.· c • · •• · 

.. -~ . -

·:," ' f:,::.~;J;t i:;_ . . . ,,;:(~~·,}fa r,:,, ,/~ • ,''~~!~1t.1i~4tk f:,~~r;Jijff~~~~~· 
l>ate Of·;Sl)l"p.ae(lt. Rf!,~ea"'.,· 

·-1· 
. :.--.;.~ 

N~ .. & ·. Addres~.:H I GGfiRSON:-BUCHANAii, ,'.I NC.· 53PO Dl)I NSR IDGE ROAD CHESAREAKft~ _,·;VA . ~~' "; 
..-e~p.· phon., . . No: ,·~4-5.45-_4~65 ... · Hauler·. ReQi~i':r.a t:-~on No: ;: · State1 · \-·~\.. , _ :, ,. .. :i ' ','"~ .. -i 

ot,)< Oi~de~-No: "· T,ractoi- No: Trailer No: Tank No; Bo·x @'lo a· . Oq;16fr: : -:l 
;: 

;I certify t:ha.t the mat~ri.als·, in· 
or~.shipment and delivered to the 

J 
Da t~ .Hec:ei ved Time:----· .... ~ 

&t.e. Delivet-ed ·'----- Ti(Oe: __ ... ~. __ ... _~ 
.!' 

AM .. PM 
AM PM· 

\i-..·. 

·, .·. \ 

""~ . 



,, 
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EnviroTech;:.:Mid~Atlantic 
!¥: ~~ 'fJ't-U<fr><ff p •. 0. BO x 121 9 

108 S. Main Street 
Chatham, Virginia 24531 

-;-------, -------. 

NON HAZARDOUS 
SHIPPING MANIFEST 

MANIFEST NO. 013707 
rNSCI Environmental Inc. dba· E'nvlroTsch Mid--Atlantic 

CM.CRAIOH IDENIIFICATIONt 
..,u51 iness Name: COMNAVDASE CODE NL; 
t1 .. uling AJ.jn£?E!ii:l530 GILDG:RT ST. SUITE 200 City/Sta.terNORFOLK, VA-· . .,::/·"1. , .. 1 .. 

... ' .:~ hipu1ent Oi·igin:NA'JAL DASE f'IEF\S 21 THRU 5 City/Stt11te:NORFOU(, VA 
Jthoriz~d Agent:GARY ROFER . Title: 

Lmergen<::y Ted #:804--4·44-·3967 Type c;.f Process Generating Material:UST {:'. 
··;:;acriph..:·n of Mab.:ffia.1:10 ORUM'.:; CONTAINING SOIL CONTAMINATED WITH DIESEL &'.JPS'.: 

nATER I AL Cl-!ARACTER lZAilON; 

• Ac:;.;enic 
[:.:;. 1- i t.1tT1 

___ ppm 
___ ppm 

E. 
F. 

........... 

An.al ysis ·Atti\c:hed c e§.:' EMA Code #:EMAC-484 

Si 1 ve;- ppm I• 
LE·<i!d ppm J. 

TPH 
TOX 

___ ppm 
__ __,ppm 

C. Mc-:i-cui-·y 
Ch;-cmiLi•n 

__ __.ppm 
__ __.ppm 

G. Selenium 
H. Ca.dm i Lllil 

_ __ppm I<. 
ppm L. 

PCD 
Total.BTEX 

--~ppm 1; 
____ _ppm i; 

BULK VOLUMC: Tons Cubic Yards Other -----

ON.JAINERS: Drums No. __ _ 

Spacial Handling Instructions: 'NON·-HA2ARDOUS 
ire or Spill Instructions: NON-FLAMMABLE 
auler Identification :Hif3GEF\SON--DUCHANAN, INC. 

Site Destination: f.IIGGERSON···DUCHANAN, INC., CHESAPEAKE, VA 

.·:·. 

The ma t.ei- i al s descr il?ed a.bove were _coni=i~ned to ttte carr~ier d~s l.gnated ,below• 
·, .i. ·e:ei--t.i fy the" .forego ir.fg. is . t"rLta to the lb ea.ff· of my .knowledge. 
\ . . ' . ' ' : 

..-...:.,...'U4-.,,l..µ~~~~...,,...._..-.......~._._Au...._th-'· '_-..~--r--~'-z_e_d ......... A ..... g_en ....... t-,f''•'~'l;,,\ff~*~j~=; ··~·~·~~!<~·\, . 
. :- ,-,~~:~\'. , 

--~YfrER. IDENIIEJCATIQN; ;/' 
··:, . .,' 

Name & 'Address:HIGGEfj:SON-BUCHANAN, INC. 5300 BAINBRIDGE ROAD CHESAPEAKE, 
Telephone No: 804-545--4665' Ha.Lt le,- Regil!;tration No• Stat•:.· 

VA 

:·rk 01-dar No' · Trilc;:to.- No: ,•Trailer No~ 'Tank No: Box.No: O_tf:ler: 
,) ., 

l cer ti 'fy that . the, .mate~ i .al s in 
:ii- shipment and delivered to t.he 

' 
Da t-e Rec:e: i ved 

quantity deecrib•d above were r.ec:eived by me 
destination indicat'!.~t!iJJ\~ ~'f 

Time: _____ AM PM _ ~gnature'_o~uler -
- :£ te Deli ;.·t::red ___ , .... , _ Time1 . 'AM PM . 

SITE IDENTIFICATIONf 
~ I . · ... 

I uttlt & AddreSi& I HIG~~~bN-BUCHAN,AN' 5300 BA I $R IDG~RD. '' ,t;HESAPEAKE' v~ 
• alephone No z 804~54S"'-:4665 . . Site: Perm i{t No;:;, t · 
Work Order No: _;'(_,<~ ·•·> · ····.... · · '.Trailer,;· No: .· i:briver''t 
1 Ja.nti.ty Measui-etd s.t.:t3.ites ,\, .. 

~:~e •~.•~~ci'A:ftn ~ToRE AtHIS;~~(lN~~CHJ~ ST~Gtt ~~crtf +~) 
I zNDI~ THERMAL REO~~AJ'ION.:{i~:; ··~· t ~··. · .:, . , ·;'{, f 0~1,~'1 

. 

tINAL DftSITE. LOCff[lllfi _ ,,, . ,, . ;~. ..'L . 
I c~rtify th'Ett t.he ·:~at.aria! ,described above were rec.:e.i.ve~ by me. l',,';fuhttier'' 

~i !fa)tifo/ that··this 'facfHtiy has recf!ived allpermits:·a.nd:'tai:fprov~l· for handli:ttg:· 
. ' t ' . .111.•, ' __ 11s !ll.a =-·-10.-,..r ., 

,i·' - ' .~ - "j} 

. ;~ 
;, 



APPENDIX B 

Drill Logs 

~GROUNDWATER 
ODD TECHNOLOGY 



UNIFIED SOIL CLASSIFICATION SYSTEM 

CLASSIFICATION CHART 

GTGS 
MAJOR DIVISIONS SYMBOLS TYPICAL NAMES FILL 

PATTERN 
1~ •• , Well graded gravels or gravel-sand mixtures, little or no fines 

GW .~O.( 26 
GBA~EIS IV 0 Poorly graded gravels or gravel-sand mixtures, little or no fines en w GP Oc 25 _l N ,_. ...... 

MORE THAN 1/2 OF o en - le Silty gravels, gravel-sand mixtures en w COARSE FRACTION> GM o". 26=11 > N0.4 SIEVE SIZE I 
0 UJ 1~ 

Wen 
~ Clayey gravels, gravel-sand-clay mixtures 26=14 Zo GC ,_. 0 

<( N 
Well graded sands or gravelly sands, little or no fines a: . .. 8 C.9~ SW . . 

w~ SANDS ... Poorly graded sands or gravelly sands, little or no fines en o SP 
.. 6 0: LO 
... . . 

<( a: MORE THAN 1/2 OF 
... 

0 UJ Silty sands, sand-silt mixtures 
u~ COARSE FRACTION< SM 9 

N0.4 SIEVE SIZE 

SC v.; Clayey sands, sand-clay mixtures 10 .. "/. 
UJ ML 

Inorganic silts and very fine sands, rock flour, silty or clayey 11 en ~ fine sands or clayey silts with slight plasticity 
_J en SILTS & CLAYS 

I~ Inorganic clays of low to medium plasticity, gravelly clays, ,_. 
0 UJ CL 14 
en G:i lL.$..5_Q 

sandy clays, silty clays, lean clays 

o en 
I ~Iii: Organic silts and organic silty clays of low plasticity 

Wo OL 18 
Zo 
,_. N 

Inorganic silts, micaceous or diatomaceous fine sandy or silty <( ci MH 12 a: z soils, elastic silts 
C.9 v SILIS & CLA:tS ~ 

~ Inorganic clays of high plasticity, fat clays wo CH 15 Z LO 
,_. a: lli.5.0. LL UJ / Organic clays of medium to high plasticity, organic silty clays, > OH I/// 35 0 / organic silts 

HIGHLY ORGANIC SOILS Pt 
LJ...J... Peat and other highly organic soils 20 u. 

GRAIN SIZE CHART WELL CONSTRUCTION MATERIALS 

RANGE OF GRAIN SIZES 

CLASS IF I CATION 
U.S. Standard Grain Size 

Sieve Size in Millimeters 

BOULDERS Above 12' Above 305 

COBBLES 12• to 3' 305 to 76.2 

GRAVEL 3' to No.4 76.2 to 4.75 
COARSE 3' to 3/4' 76.2 to 19.1 

FINE 3/4' to No.4 10.1 to 4.75 

SANO No.4 to No.200 4.75 to 0.074 
COARSE No.4 to No.10 4.76 to 2.00 
MEDIUM No.10 to No.40 2.00 to 0.420 

FINE No.40 to No.200 0.420 to 0.07 4 

SILT & CLAY Below No.200 Below No.0.07 4 

SYMBOLS SAMPLE TYPES 
SS - Split Spoon 
CC - Continuous Core 
CG - Cuttings Grab 

'¥ Initial Water Level 
? Static Water Level 

tnf05/19114 kt>vnrlnt-lan 

• Asphalt (68) SCREENS 

r:~~~I Concrete (55) D Solid (Is) 

~ Neat Cement (54) ~-
Slotted PVC (3w) 

c;~~;~J Base Course (30) ~ m Stuff (64) [@ Slot. PVC High Flow (8w) 

II Bentonlte (21) 

!":·: ·. ::j Filter Pack (7) 

Ll Pea Gravel (2) 

§Liner (33) 

f;~I Geocloth (36) 

~ Hire Wound PVC (16w) 

[] Wire Wound Steel (15w) 

lg] Saw Cut (12w) 

~ Stainless Steel (13w) 

~GROUNDWATER 
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GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Drilling Log 
Monitoring Well GT-1 

Project Naval Base Piers NEESA RAC Owner ..::.U..;:;S....;.N....;.A"'""V'-Y'------------
See Site Map 
For Boring Location 

Locatlon Norfolk VA Proj. No. 830012031 

Surface Elev. Total Hole Depth 18 ft. Diameter ..;.;12=-"-in"". -------- COMMENTS: 
Top of Casing 12.06 ft. Water Level Initial 5.5 ft. Static ...::6:.:..:.6::..::8~ft,_. -------
Screen: Dia 4 in. Length 15.0 ft. Type/Size -=o-'-.0""'1..;:;.o....;;in""'. _____ _ Printed using the Unified Soil 

Classification System (USCSJ. PIO= 
Photo-Ionization Detector. Due to 
equipment malfunction, PIO field readings 
were not obtained for this monitoring 
well. 

Casing: Ola 4 in. Length 3 ft. Type ..:..P....:;V..:=C'-----------
Fill Material #2 Morie Sand Rig/Core Mobl1e B-40/Split Spoon 
Drill co. Rock Ray Drilling Method .:..;H:.::o.::.;llo""w.:.....::::S.:..:fe::..:.m:.:....::..:A..::.uq~e::..:.r ___________ _ 

Driller Matt Marquedant Log By Lori Reuther Date 08/03/94 Permit# ___ _ 

Checked By License No. --------------
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Ground Surf ace 

Light brown, dry to slightly damp, fine SAND, loose, trace dark gray 
laminae . 

~::=.::.:· 1-- Light brown grading to olive gray damp to saturated fine, silty 
· · SM SAND, last 3" medium sand, trace shell fragments, 1" clay layer at 

~ 5.5'. 
~ ... : : 1- Y\ - Encountered water 

5•5i~g I .:·::. * \_ Olive gray, saturated, fine to medium SAND, loose, sub angular to 
·::-:.: subrounded, shell fragments throughout, trace clay . 

SS-4 
1,1,1,1 
/80 

SS-5 
3,4,7,15 

/80 

• • •• SW . . .. ·.·: .... .... . . ·.·.· . 
ITT.:~ SM 

• ••• SP 

•••• L___ 

~GC 

Olive gray, saturated, silty, fine SAND, grading to medium SAND, 
subangular to subrounded, trace shell fragments throughout. 

Gray to olive gray, saturated, medium SAND, grading to clayey fine 
to coarse gravel, trace shell fragments throughout. 

\_ Bottom of Exploration 
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GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Drilling Log 
Monitoring Well GT-2 

See Site Map 
For Boring Location Project Naval Base Piers NEESA RAC Owner .::::U;.::;S:....:N..:.:.A..:...:._VY'-----------

Location Norfolk VA Proj. No. 830012037 

Surface Elev. Total Hole Depth 18 ft. Diameter """'12~in"'". -------- COMMENTS: 
Top of Casing 11.33 ft. Water Level Initial 6.0 ft. Static .::::5.:..::.6:....:4....:f..:.:t·'---------

Screen: Dia 4 in. Length 15.0 ft. Type/Size .::::Oc:..:.0::..:.1;;...0..:.:.in..:.:.·------ Printed using the Unified Soil 
Classification System (USCSJ. PIO= 
Photo-Ionization Detector. Due lo 
equipment malfunction. PIO field readings 
were not obtained for this monitoring 
well. 

Caslng: Dia 4 in. Length 3 ft. Type ,,_P-'V-"C'----------
Flll Material #2 Morie Sand Rig/Core Mobile B-40/Split Spoon 

Drill co. Rock Ray Drilling Method ,,_H.:..::o:..:.:11:...o:..:.w-"S~t;;...em::;....:.A.:.::u:.:ig.::.er'-------------
Driller Matt Marquedant Log By Lori Reuther Date 08/02/94 Permit# ___ _ 

Checked By License No. --------------
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

I 

Ground Surface 

Brown, slightly damp, high plasticity, soft CLAY, grading to light 
brown, slightly damp, fine SAND, laminae throughout, trace organic 
matter, trace shell fragments. 

Light brown, damp, fine, silty SAND, grading to gray, moist to 
saturated, silty, fine SAND, trace shell fragments throvghout. 

Encountered water 
Olive gray, saturated, silty. fine SAND, 1" clay layer at 7', shell 
fragments throughout. 

Olive gray, saturated, clayey SILT, shell fragments throughout, 
grading to high plasticity, soft clay from 6" to bottom of spoon. 

Gray, saturated, silty fine SAND, grading to high plasticity CLAY, 
grading to subangular to subrounded fine gravel 1.5' thick, trace 
coarse subangular gravel. 

Bottom of Exploration 
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Drilling Log 
GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Monitoring Well GT-3 

Project Naval Base Piers NEESA RAC 

Location Norfolk VA 

Owner us NA VY 
Proj. No. 830012037 

See Site Map 
For Boring Location 

Surface Elev. Total Hole Depth 18 ft. Diameter -"12:;....::..;in"-. -------- COMMENTS: 
Top of Casing 11.87 ft. Water Level Initial 6.5 ft. Static ..::;6.:..:.5:...:.l_f:...:.t,_. -------
Screen: Dia 4 in. Length 15.0 ft. Type/Size ...::o:..:..:.O:::..:l.::;.O-"in..:.;.. _____ _ Printed using the Unified Soil 

Classification System (USCSJ. PIO= 
Photo-Ionization Detector. Due to 
equipment malfunction, PIO field readings 
were not obtained for this monitoring 
well. 

Casing: Dia 4 in. Length 3 ft. Type .;..P...:.V-=C ________ _ 

Fill Material #2 Morie Sand Rig/Core Mob!/e 8-40/Split Spoon 

Drill co. Rock Ray On1/ing Method -'-H"""o..:.;.11.:;..ow..:.;...;:S;..;.t;:;.;em"'--'-A:..::u.,._g"'"'er'-------------
Driller Matt Marguedant Log By Lori Reuther Date 08/02/94 Permit* ___ _ 

Checked By License No. --------------
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Ground Surface 

Light brown and light gray mottled, dry to slightly damp, silty SAND, 
trace dark gray laminae. 

Light brown grading to gray, damp to very moist, fine, silty SAND, 
·i.-'- >---- grading to fine SAND, little shell fragments throughout, trace 

'"' · •••• SP organic matter. 

~ ~ J Encountered water 
77 ~ CH ~ Olive gray, saturated, fine, silty SANO, trace shell fragments, 
//L grading to 4" layer, olive gray, high plasticity, soft CLAY, grading 
~ • to gray fine SANO, little medium sand. 
. . .... 
: .·.: 
·:. . .·.· . . . .. ·.· .. . . ·.··: 
•••• SW 

.... . . . 

. :::. .... . . . . .. . . . . 
: .. ·. . . . . . : 

SP 

Gray to light brown, saturated fine to medium SANO, trace shell 
fragments . 

Gray, saturated, fine to medium SAND, grading to gray, fine SAND . 

\_ Bottom of Exploration 
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Drilling Log 
GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Monitoring Well GT-4 

Project Naval Base Piers NEESA RAC Owner ""'"U"""S-'N-'A-'-V'--Y'------------
See Site Map 
For Boring Location 

Locatlon Norfolk VA Prol. No. 830012037 

Surface Elev. Total Hole Depth 18 ft. Diameter """12"-"-'in.;.... -------- COMMENTS: 
Top of Casing 11.12 ft. Water Level Initial 6.5 ft. Static ""6-"'.0""'0""-'-'tt.;.... -------
Screen: Dia 4 in. Length 15.0 ft. Type/Size ""o~.0""'"1"'-o"'"'in""". _____ _ Printed using /he Unified Soil 

Classification System fUSCSJ. PIO= 
Photo-Ionization Detector. Due to 
equipment malfunction, PIO field readings 
were not obtained tor this monitoring 
well. 

Casing: Ola 4 in. Length 3 ft. Type .;...P""'"V""'C ________ _ 

Fiii Material #2 Morie Sand Rig/Core Mobile B-40/Split Spoon 
Drill co. Rock Rav Drilling Method """H""'"o"""//o'"'"w~S-"'te:;.;;m~A""'"ug""'e""r ___________ _ 

Driller Matt Marguedant Log By Lori Reuther Date 08/01/94 Permit fl. ___ _ 

Checked By License No.--------------
c 
.2 

r.~ ..... ...... =G.J a.:::: G.1-
G.J~ 3: a. 
0 E 

0 
u 

- -2-

t 

.1 
- -· 

- 4 - ·. - .. 

- . - . 

- 6 -
- . 

- 8 - - .. -
- - .. --

t- 10 - - . . -
-

t- 12 -

- -
t- 14 - =·· 

- ---16 - - .. -
-

.;;.. : - 18 -11-...:.---.:..11 

-

-20-

-
- 22-

-
-24-

o'E .... a. 
a...,9; 

0 ~ >-.... c ~ 

Ill 
" > G.J 0 a. u 0 

u 
E J: Ill 
ID 0 a: 
(/) iil ~ 

SS-I 
7,6,7,7 

/60 

SS-2 
7,6.4,4 

/80 

SS-3 
1,3,4,2 

80 

.,; 
0 <II 

ro 
:Coi u a.o 
~...I (/) 

u (!) 
(/) 
:::> 

SM 

Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Ground Surface 

Light brown to dark gray, dry to slightly damp, loose, silty, fine 
SAND, shell fragments throughout. 

Light brown to gray, damp, loose, silty, fine SAND. 

. ... - Light brown, damp, loose, fine to medium SAND, grading to moist to 
"~··. _: sw I saturated, olive gray, silty, tine SAND, organic matter, shell 
· ~ fragments throughout. 

. \_ Encountered water 

SM 

SS-4 · ..... -
i..w •• Gray, saturated, loose, tine and medium SAND, little coarse sand . 

4.3.2.2 I ..... 
80 • •... 

·.·: . 

SS-5 
2,2,1,2 

80 

.. .. 
• • • SW .... ..... . · .. . . .. 

·: .. 
~~ -·· .. . . .. 
·: • •• SW ·.·.· . 

Dark gray, saturated, high plasticity, soft CLAY, grading to silty, 
fine SAND, grading to coarse SAND. 

\_ Bottom of Exploration 
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GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Drilling Log 
Monitoring Well GT-5 

Project Naval Base Piers NEESA RAC Owner -=U-=S'-'N...;.;A...;...:._VY'-----------
See Site Map 
For Boring Location 

Location Norfolk VA Prol. No. 830012031 

Surface Elev. Total Hole Depth 18 ft. Diameter ""12;:....;.;,;in;.:_. -------- COMMENTS: 
Top of Casing 11.96 ft. Water Level Initial 7.5 ft. Static -=6"".9""'0:;....;....:ft"--. -------

Screen: Ola 4 in. Length 15.0 ft. Type/Size -=o"".O""'t=O-"in""'.------ Printed using the Unified Soil 
Classification System (USCS). PIO= 
Photo-Ionization Detector. Due to 
equipment malfunction, PIO field readings 
were not obtained for this monitoring 
well. 

Casing: Dia 4 in. Length 3 ft. Type "'"P-'V-=C'----------
Fill Material #2 Morie Sand Rig/Core Mobile 8-40/Split Spoon 
Drill co. Rock Ray Drilling Method "'"H"""o""'ll"'"'"o;..;,.w-=S'-"t=em~A""u..._g=e'-r __________ _ 

Driller Matt Marquedant Log By Lori Reuther Date 08101/94 Permit* ___ _ 

Checked By License No. --------------
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Ground Surface 

Yellowish orange, dry to damp, fine SAND, clay layer 2" thick, 
mottled dark gray and light brown, high plasticity, soft CLAY, trace 
medium sand . 

Light brown, damp, fine SAND. some medium, subrounded sand, 
trace shell fragments. 

Light brown to dark gray, moist, fine and medium SAND, trace shell 
fragments, strong hydrocarbon odor, sheen on split spoon. 

Encountered water 

Olive gray, saturated, silty, fine, subrounded medium SAND, clay 
layer at 14', 4" thick, hydrocarbon odor until 14', then dark gray, 
saturated, fine SAND, no hydrocarbon odor. 

Olive gray, saturated, high plasticity, soft CLAY, grading to fine 
SAND, grading to subrounded medium SAND, little subrounded fine 
gravel. 

\_ Bottom of Exploration 
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GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Project Naval Base Piers NEESA RAC 

Drilling Log 
Monitoring Well GT-6 

Owner us NA VY See Site Map 

Location Norfolk VA Proj. No. 830012037 
For Boring Location 

Surface Elev. Total Hole Depth ""'"IB~ft""". __ Diameter .::12=-.::.,;in:.:..... --------
Top of Casing 10.93 ft. Water Level Initlal 1.2 ft. Static ...:::6 .... 1::::.0..:..f:.:...t. ______ _ 

Screen: Dia 4 in. Length "'"'=5."""0"""'f""'"'t._____ Type/Size -=o'"'"'.O""'l"""O"""in""". _____ _ 
Casing: Dia 4 in. Length -=3'-'-'-tt:.... _____ Type .:.P..:;V_,.C'----------
Fill Material #2 Morie Sand Rig/Core Mobile B-40/Split Spoon 

Drill co. Rock Rav Drilling Method Hollow Stem Auger 

Driller Matt Marguedant Log By Lori Reuther Date 08/01/94 Permit fl. ___ _ 

COMMENTS: 

Printed using the Unified Soil 
Classification System (USCSJ. PIO= 
Photo-Ionization Detector. Due to 
equipment malfunction, PIO field readings 
were not obtained for the 10-12 ft. dept, 
sample and the 15-11 ft. depth sample. 

Checked By --------- License No. --------------
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

? 

r:i. 

Ground Surface 

Dark gray, dry, SILT, some light brown and dark gray mottling. 

Dark gray, damp, silty CLAY, grading to light brown, fine SAND. 

Light brown, damp to moist, medium SAND, some subrounded, loose, 
coarse sand, trace shell fragments. 

Encountered water 

Light gray, saturated, medium to coarse SAND, 5" silty clay layer 
at 11'. 

Olive gray, saturated, high plasticity, soft CLAY, grading to gray, 
loose, medium to coarse SAND, little fine gravel, some fine sand. 

\_ Bottom of Exploration 
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GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Drilling Log 
Monitoring Well GT-10 

Project Naval Base Piers NEESA RAC Owner ""'"U~S_N_A"""V;....Y'------------
See Site Map 
For Boring Location 

Locatlon Norfolk VA Proj. No. 830012037 

Surface Elev. Total Hole Depth 18 ft. Diameter "'"'12"-"-in"-. -------- COMMENTS: 
Top of Casing 11.64 ft. Water Level Initial 5.5 ft. Static ..:::5,_,,.5:..:..7_,f...:.:t·'----------

Screen: Ola 4 in. Length 15.0 ft. Type/Size ..:::Oc:..:.0::.:.1.:::.0..:.:in""".------ Printed using the Unified Soil 
Classification System (USCSJ. PIO= 
Photo-Ionization Detector. Caslng: Dia 4 in. Length 3 ft. Type ..:..P....:.V.:::C'------------

Flll Material #2 Morie Sand Rig/Core Mob17e B-40/Split Spoon 
Drill co. Rock Ray Drilling Method .:..;H:.::;o.::.:lfo::.:.w.!.....:::S~te::.:.m:.:....:...:A.:::..ug:i.:e::.:.r ___________ _ 

Driller Matt Marguedant Log By Lori Reuther Date 08105/94 Permit fl. ___ _ 

Checked By License No. --------------
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Ground Surface 

Dark gray, slightly damp, fine to coarse, gravelly CLAY, grading to 
light brown, slightly damp, loose, silty fine SAND. 

Olive gray, damp to saturated, loose, fine SAND, shell fragments 

- . 0.5 SS-3 
SP throughout, thin shell layer at 5.5', trace dark gray laminae. 

¥-- Encountered water 
- 6 -

- 8 -

'- 10 -

'- 12 -

- 14 -

=·· 

- .. -

.. -

--16 -·. = .. 
- 18 -1i..:....:.m--L ... : ... U 

-20-

- 22-

-24-

t.6 

0 

SS-4 
0/24 

/80 

SS-5 
6,9,8,8 

/60 

-- Olive gray, with trace dark gray, saturated, high plasticity, very 
soft, fat CLAY, trace organic matter. 

Olive gray, saturated, high plasticity, very soft, fat CLAY, trace 
organic matter. 

Olive gray, saturated, loose, silty, fine SAND, grading to dark gray, 
organic CLAY, grading to very light gray, saturated, medium SAND 
and coarse gravel. 

\... Bottom of Exploration 
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Drilling Log 
GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Monitoring Well GT-7 

Project Naval Base Piers NEESA RAC 

Location Norfolk VA 

Owner us NA VY 
Proj. No. 830012037 

See Site Map 
For Boring Location 

Surface Elev. Total Hole Depth 18 ft. Diameter ...:.:12;:....:.:..;in"-. -------- COMMENTS: 
Top of Casing 11.38 ft. Water Level Inltlal 7.0 ft. Static -"5"'"'.8'""8:......:...oft.:..... -------

Screen: Dia 4 in. Length 15.0 ft. Type/Size ..::0""'.0""'/..:::.0"""1n"'".------ Printed using the Unified Soil 
Classification System (USCSJ. PIO= 
Photo-Ionization Detector. Due to 
equipment malfunction. PIO field readings 
were not obtained for this monitoring 
well. 

Casing: Dia 4 in. Length 3 ft. Type .:..P....:.V..:::C:...._ _______ _ 

Fill Material #2 Morie Sand Rig/Core Mobile B-40/Split Spoon 

Drill co. Rock Rav DrH!ing Method .:..H..:..;o"'ll=-o:..:..w-=S:..:.t.:::.em;:.;....:..A.:..::u"""g.:::.er'-------------
Driller Matt Marguedant Log By Lori Reuther Date 08/04/94 Permit fl. ___ _ 

Checked By License No.--------------
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Ground Surface 

~ 
ss-1 ~~ CL Dark brown, damp, micaceous, slightly silty, high plasticity, soft 

2 • 2i~'~ I r0 CLAY, grading to gray and brown mottled, high plasticity, CLAY, 
~ trace fine sand. 

ss-2 ~~/'.'. Brown, grading to olive gray, damp, slightly silty, slightly micaceous, 
2 • 3·~~ V .// ~ high plasticity, soft CLAY, wood chips encountered at 5', splinters 

1 l ML ! of wood throughout, last 6" fine sandy CLAY, gray and brown 
ss-3 • mottling throughout. 

4,4,5,5 ~ CL k;\_ Brown, grading to olive gray, damp to 7 feet, slightly silty, slightly 
/BO micaceous, high plasticity, soft CLAY, grading to saturated, fine 

SS-4 
0/12,1,1 W.1 

/80 I-

SS-5 
2,2,1,2 ~ /80 

SM 

CH 

SM 

CH 

SM 

silty SAND, oyster shell layer at 7 feet dividing lithologies. 

Encountered water 

Olive gray, saturated, high plasticity, soft, slightly silty CLAY, 
grading to silty fine SANO. 

Olive gray, saturated, fine silty SAND, 6" layer high plasticity, soft 
CLAY, grading back to fine silty SAND, shell fragments throughout. 

\_ Bottom of Exploration 
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GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Drilling Log 
Monitoring Well GT-8 

Project Naval Base Piers NEESA RAC Owner -'-U"""'S"""'N"""A"'""V'""'Y'-----------
See Site Map 
For Boring Location 

Locatlon Norfolk VA Proj. No. 830012037 

Surface Elev. Total Hole Depth 18 ft. Diameter ""12"-"-'in""". -------- COMMENTS: 
Top of Casing 12.30 ft. Water Level Initial 5.7 ft. Static ..:::5 .... 8:..:..1..:..f .... t. _______ _ 

Screen: Dia 4 in. Length 15.0 ft. Type/Size _..o._..0::..:.1:.:..0..::in ..... _____ _ Printed using the Unified Soil 
Classification System (USCSJ. PIO= 
Photo-Ionization Detector. Due to 
equipment malfunction, PIO field readings 
were not obtained for this monitoring 
well. 

Casing: Ola 4 in. Length 3 ft. Type "'""P_,_V=C _________ _ 

Fill Material #2 Morie Sand Rig/Core Mobile B-40/Split Spoon 
Drill co. Rock Ra Y Dolling Method "'""'H...:;.o""'llo"""'w~S..;..;te;..;.m"""'""A""'uq""'e;..;.r ___________ _ 

Driller Matt Marquedant Log By Lori Reuther Date 08/04/94 Permit fl. ___ _ 

Checked By License No.--------------

10 

12 

- .. 
14 

16 

20 

22 

24 

09' ~" '994 lithloq-mar93 

SS-5 
3,4,2,3 

/80 

.· SP 

Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Ground Surface 

Light brown to yellowish orange, damp, fine, loose SAND, laminae 
throughout. 

Light brown, damp, silty fine SAND, grading to tan, fine SAND, dark, 
gray cross laminae, grading to gray, saturated, fine sand. 

Encountered water 
Olive gray, saturated, fine SAND, grading to olive gray, saturated, 
high plasticity, soft CLAY, tr ace oyster shells. 

Olive gray, saturated, loose, fine SAND, organic matter, grading to 
fine sandy, high plasticity, soft CLAY, trace shell fragments. 

Olive to dark gray, saturated, high plasticity, soft CLAY, grading to 
light gray, loose, fine SAND, trace shell fragments. 

Bottom of Exploration 
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GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Drilling Log 
Monitoring Well GT-9 

Project Naval Base Piers NEESA RAC Owner ..::U:..::S:....Nc.:;A;.;..:....V.:....Y _________ _ See Site Map 
For Boring Location 

Location Norfolk VA Proj. No. 830012031 

Surface Elev. Total Hole Depth 18 ft. Diameter _t2~in~. -------- COMMENTS: 
Top of Casing 12.29 ft. Water Level Inltlal 6.2 ft. Static ""'6""".6'""5'-'-'ft.:..... -------
Screen: Dia 4 in. Length 15.0 ft. Type/Size _,,0:..:..:.0""'/-"'-0"""1n""'.------ Printed using the Unified Soil 

Classification System (USCSJ. PIO= 
Photo-Ionization Detector. Casing: Dia 4 in. Length 3 ft. Type ..:.P-'V....::C'-----------

Fill Material #2 Morie Sand Rig/Core Mobile B-40/Split Spoon 

Drill co. Rock Rav Drilling Method ..:.H.:..:o"'"'ll;:;...ow:..:.....:S::..:.t;:;...em"'--'-A.:..::u""'g.:::.e:....r -----------
Driller Matt Marguedant Log By Lori Reuther Date 08/05/94 Permit ff. ___ _ 

Checked By License No. --------------
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Ground Surface 

Light brown, damp, loose, silty, fine SANO, trace clay, shell 
fragments throughout, oyster shell layer 3" thick at 3.5' . 

Light brown, damp to moist, loose, silty, fine SANO, clay lens at 5.5', 
shell fragments throughout. 

~ Encountered water 
• Light brown grading to olive gray, saturated, loose, silty, fine SAND, 

shell fragments throughout, trace clay. 

Olive gray, saturated, silty CLAY, grading to high plasticity, soft 
CLAY. 

Olive gray, saturated, high plasticity, soft CLAY, grading at 16' to 
light gray, loose, fine SANO. 

\_ Bottom of Exploration 
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GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

Drilling Log 
Monitoring Well GT-10 

Project Naval Base Piers NEESA RAC Owner ""'"U"""S-'N"'-A"'-V'-Y'------------
See Site Map 
For Boring Location 

Locatlon Norfolk VA Prof. No. 830012037 

Surface Elev. Total Hole Depth 18 fl. Diameter ..::12;;....;.:..in"-. -------- COMMENTS: 
Top of Casing 11.64 ft. Water Level Initial 5.5 ft. Static ""'5=.5"-7-=f-'-'t.'---------

Screen: Dia 4 in. Length 15.0 ft. Type/Size ..o::oc:..:.O::..o/"""O..:.:in..::.·------ Printed using the Unified Soil 
Classification System (USCS). PIO= 
Photo-Ionization Detector. Caslng: Dia 4 in. Length 3 ft. Type ..;.P....:.V"""C'----------

Fill Material #2 Morie Sand Rig/Core Mobile B-40/Split Spoon 

Drill co. Rock Ray On/ling Method -'-H"'""'o-""11..:;_ow'"'--"S~te""'m""--'--A:..:;u.,_ge;;:..;r ___________ _ 

Driller Matt Marguedant Log By Lori Reuther Date 08/05/94 Permit ff. ___ _ 

Checked By License No. --------------
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Description 
(Color, Texture, Structure) 

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50% 

Ground Surface 

Dark gray, slightly damp, fine to coarse, gravelly CLAY, grading to 
light brown, slightly damp, loose, silty fine SAND. 

Olive gray, damp to saturated, loose, fine SAND, shell fragments 
throughout, thin shell layer at 5.5', trace dark gray laminae. 

Encountered water 
Olive gray, with trace dark gray, saturated, high plasticity, very 
soft, fat CLAY, trace organic matter. 

Olive gray, saturated, high plasticity, very soft, fat CLAY, trace 
organic matter. 

Olive gray, saturated, loose, silty, fine SAND, grading to dark gray, 
organic CLAY, grading to very light gray, saturated, medium SAND 
and coarse gravel. 

Bottom of Exploration 
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GTEL Client ID: 
Login Number: 
Project ID (number): 
Project ID (name): 

830012037 
H4-080169 
830012037 
NAVY NORFOLK. VA 

Reporting 

ANALYTICAL RESULTS 

Analyte Limit Units Concentration:Dry Weight 

Volatile Organics 
Method: EPA 8020 
Matrix: Soil 

®.#.#~'.f.@MhW!f!!WMifW!WMU~Wt!@,\Mif!!!!f!!&JKMn®.hMlfuiJ.lt.~#!M!!!'tf!!ilik9!t9.$K.U!l!tfMWi%faM9j9.$MlMM@!i.!!M?IdMlt!it?I%%W!ft!ME!tW?F 
Toluene 0.10 mg/kg 0.10 U 0.10 U 
g11i1~:;m.m~n:[t::::mmrnm::mi:m:::::::i:t]:t1:::::E:::::nfi:1q@mfu9.i~::1:::i1::::::::::::::::m:P:ft.!!tu.:t:::::t:rnmrn1oc;ij~i!i.::::Jnti::::::m:::::1:t::;sg:::::::::::,:::,J::;:J,;,:::,:,:mm1m:Ht::::1,,,... . 
Xylenes (total) 0.20 mg/kg 0.20 U 0.20 U 
P.ifE2e&trs6li'dStt1lM%llMtll111tlltitM~@ftttmmmt.iPllN1ll:9312'lit!tl=Hiffl@1'.§3'16:::!Mttmltlttf=':({'=?\%?\/'{:fWttfJffft< . : 
~ 
D11ut1on Factor: 

The di lutlon factor Indicates the adjustments made by the laboratory to results and s~le reporting 1 lmlts for di lutlons. 

EPA 8020: 

"Test Methods for Evaluat1ng Sol Id Waste. Physical/Chemical Methods". SW-846. Th1rd Edition. Revision l. US EPA July 1992. ·u· Indicates that the 

c~d was analyzed for but not detected. 

GTEL Milford. NH 
H4080169:1 



.--
I 

Sample 
Identification 

GTELNo. OlentlD 

080169-01 GT-9 

080169-02 GT-10 

ANALYTICAL RESULTS 

Client Number: 830012037 
Project ID: NAVY PIERS NAVAL 

BASE NORFOLK. VA 
Login Number: M4-08-0169 

Total Recoverable Petroleum Hydrocarbons in Soil 
by Infrared Spectrometry 

Modified EPA Method 418. 1 a 

Date Date Date Percent Detection Concentration, 
Sampled Extracted Analyzed Solids,% Limit, mg/kg mg/kg 

- - - - - -
08/05/94 08/09/94 08/10/94 93.2 20 20U 

08/05/94 08/09/94 08/10/94 93.6 20 20U 

a EPA600 / 4-79-020, March 1983 revision. Extraction modified for sons (Soxhlet). Concentration calculated 
on a dry weight basis. -

U Indicates compound was analyzed for but not detected. 

GTEL Milford, NH 
P080169ADOC: 9 



GTEL MEADOWBROOK INDUSTRIAL PARK CHAIN-OF-CUSTODY RECORD 
62423 MILFORD, NH 03055 AND ANAL YS/S REQUEST 

- ::,vo111A~:.~111~ ::~. 
~603~ 672-4835 
800 LAB·GTEL 

Company Name: Phone#: YJ)4 - 1/3(, .l'/'?8 / 
~ - / <t: 0 0 
-.Ot1!~ 11 ••• 1l1 r1: ,1 1~, ~ · ,.. .. "' ,.,. ; 11111t r: .:., FAX#: CJ1uJ -1171-. t2 '1,,/';µ 0 j € 0 
<;ompany Address: Site location: NA v 'I pt E i. .-:; 

., 
w ::c: 

~ 0 
IJ.lf'l · 8 c;<.£C.V(1v E. [!.I.Vt>. s.,1 rr; Joto NAVA/.. BAS.~ ~ 0 0 0 

0 0 u 0 D A 

, ··1 q:'.--~J\ rt· Ar' f VA 1~3 ".Z lJ f..I r\ 1:1 Cri1 Y \,I lL § 
XI ~ a: § >. .<: 0 ~ iQ" :2 D ~~ 

Project Manager: I Client Project ID: (#) '63C\..'\ /.') () .3 7 0 •i -~ 
a.. D 

~ ::!! + + D 
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Expedited (48 hr) 0 Quote/Contract I 

7 Business Days 0 Conlirmallon I 

Other PO I SPECIAL REPORTING REQUIREMENTS Lab Use Only Lot H ,Storage Location: 

Business Oavs 0 I ) 4/f7t I 
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·~RIM~r~ 
._ LA B 0 RAT 0 R I ES , I N C. 

Meadowbrook Industrial Park 
Milford, N.H. 03055 
(603) 672-4835 
(800) 441-4835 
FAX(603)673-8105 

October 6, 1994 

P. Farrington 
Groundwater Technology Government 
Services, Inc. 
100 River Ridge Drive 
Norwood. MA 02062 

RE: GTEL Client ID: 
Login Number: 
Project ID (number): 
Project ID (name): 

Dear P. Farrington: 

830012037 
M4080025 
830012037 
NAVY PIERS NAVAL BASE NORFOLK, VA 

Enclosed please find the analytical results for the samples received by GTEL 
Environmental Laboratories, Inc. on 08/02/94 under Chain-of•Custody Number(s) 
62416. 

A formal Quality Assurance/Quality Control (QA/QC) program is maintained by 
GTEL, which is designed to meet or exceed the EPA requirements. Analytical work 
for this project met QA/QC criteria unless otherwise stated in the footnotes. 

GTEL is certified by the State of Virginia under certification #00155. 

If you have any questions regarding this analysis, or if we can be of further 
assistance, please call our Customer Service Representative. 

Sincerely, 
GTEL Environmental Laboratories, Inc. 

~'-~er 
Laboratory Director 



Client Number: 830012037 
Project ID: NAVY PIERS NAVAL 

BASE NORFOLK, VA 
Login Number: M4-08-0025 

Analyte 

Benzene 

Toluene 

Ethyl benzene 

Xylenes (total) 

Dilution Factorb 

Percent Solids 

ANALYTICAL RESULTS 

Volatile Organics in Soil 
EPA Method 802oa 

GTEL Sample Number 080025-01 080025-02d 

Olent Identification GT-6 GT-5 

Date Sampled 08/01/94 08/01/94 

Date Analyzed 08/04/94 08/05/94 

Reporting 

080025-03 

GT-4. 

08/01/94 

08/04/94 

Limit, mg/kg Concentration, mg/kgc 

0.05 0.05U 0.05 u 0.05 u 
0.10 0.10 u 0.10 u 0.10U 

0.10 0.10 u 0.56 0.10 u 
0.20 0.20U 1.8 0.20 u 

1.00 4.00 1.00 

79.6 91.5 78.6 

-
-
-
-

-
-

- -
-
-
-

a Test Methods for Evaluating Solid Waste, SW-846, Third Edition, Revision o, US EPA November 1986; 
Methanolic extraction by EPA Method 5030 (purge and trap). Method modified to include additional 
compounds. 

b The dilution factor indicates the adjust~ents made to the data as a result of dilutions. 

c Results reported reflect dry weight concentration. 

d Sample was analyzed diluted due to large amounts of non-target peaks. 

U Indicates compound was analyzed for but not detected above the reporting limit indicated. 

GTEL Milford, NH 
P080025B.DOC : 8 



Sample 
Identification 

GTELNo. Client ID 

080025-01 GT-6 

080025-02 GT-5 

080025-03 GT-4 

ANALYTICAL RESULTS 

Client Number: 830012037 
Project ID: NAVY PIERS NAVAL 

BASE NORFOLK, VA 
Login Number: M4-08-0025 

Total Recoverable Petroleum Hydrocarbons in Soil 
by Infrared Spectrometry 

Modified EPA Method 418.1a 

Date Date Date Percent Reporting Concentration, 
Sampled Extracted Analyzed Solids,% Limit, mg/kg mg/kg 

- - - - - -
08/01/94 08/03/94 08/04/94 79.6 20 39 

08/01/94 08/03/94 08/04/94 91.5 20 12000 

08/01/94 08/03/94 08/04/94 78.6 20 29 

a EPA 600 / 4-79-020, March 1983 revision. Extraction modified for soils (Soxhlet). Concentration calculated 
on a dry weight basis. 

GTB.. Milford, NH 
P080025A.DOC: 9 
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·~RI~Nr~ 
- LABORATORIES, INC. 

Meadowbrook Industrial Park 
Milford, N.H. 03055 
(603) 672-4835 
(800) 441-4835 
FAX(603)673-8105 

October 6, 1994 

Paul Farrington 
Groundwater Technology Government 
Services, Inc. 
100 River Ridge Drive 
Norwood, MA 02062 

RE: GTEL Client ID: 
Login Number: 
Project ID (number): 
Project ID (name): 

Dear Paul Farrington: 

830012037 
M4080061 
830012037 
NAVY PIERS NAVAL BASE NORFOLK, VA 

Enclosed please find the analytical results for the samples received by GTEL 
Environmental Laboratories, Inc. on 08/03/94 under Chain-of-Custody Number(s) 
62417. 

A formal Quality Assurance/Quality Control (QA/QC) program is maintained by 
GTEL. which is designed to meet or exceed the EPA requirements. Analytical work 
for this project met QA/QC criteria unless otherwise stated in the footnotes. 

GTEL is certified by the State of Virginia under certification #00155. 

If you have any questions regarding this analysis, or if we can be of further 
assistance, please call our Customer Service Representative. 

Sincerely, 
GTEL Environmental Laboratories, Inc. 

1 ...... o. ~ 
~.Uhler 
Laboratory Director 



GTEL Client ID: 
Login Number: 
Project ID (number): 
Project ID (name): 

830012037 ANALYTICAL RESULTS 
H4080061 
830012037 
NAVY PIERS NAVAL BASE NORFOLK. VA 

Reporting 

Volatile Organics 
Method: EPA 8020 
Matrix: Soil 

Analyte .. .. . .. . . . Limit Units . . .. . Concentration:Dry Weight 
~~?~~=Jn@:tit::tt:::r:=t::::tml:lfiII@tiIIft:t::;::~ti.:P?%@Mi.9.ll4i:l:Ilif:tt::nn9?:::'J~H:::;fJ1I:rnlt.%~:~9.$ln!IFMMlltl@M:ffI@Ht@tU@MtMfENmt?::: 
Toluene 0.10 mg/kg 0.10 U 0.10 U 
tt.t&1§:~?~11it:::I:I;:::::r:::::::::r:::::11::::::t:::::r:its:::::::mr::m:t1P::::@tffi9.t~::::::::::::::t1:::i:i:::::::pr;::1QMt':1t:::::::::::::::::::::::m:mp§;t~t::Y.tt:::::r:t11:::::11:mn::;r::;::rn1:i:::;::1::mtraw;;:::11;:::t::t·: 
Xylenes (total) 0.20 mg/kg 0.20 U 0.20 U 
P~F2!ffiWs&HHsH'JftfIFtMlflFll!lt&;::nrn;;mu:m@tif'Iii@ftI'tlf82M'.tfHt:J@fit:m:::;:stHitlM:':;:ttfltlitt%IllttMWlMtl@tmmtrn:tttJ . 
~ 
D11ut1on Factor: 

The dilution factor Indicates the adjustments made by the laboratory to results and sa1Tple reporting I lmlts for di lutlons. 

EPA 8020: 

"Test Methods for Evaluating Solid Waste. Physlcal/Olemlcal Methods". SW-846. Third Edition. Revision 1. US EPA July 1992. ·u· Indicates that the 

Cal1lOOOd was analyzed for but not detected. 

GTEL Milford. NH 
H4080061:1 



Sample 
Identification 

GTELNo. Cllent ID 

080061-01 GT-3 

080061-02 GT-2 

ANALYTICAL RESULTS 

000016 

Client Number: 830012037 
Project ID: NAVY PIERS NAVAL 

BASE NORFOLK, VA 
Login Number: M4-08-0061 

TotaJ Recoverable Petroleum Hydrocarbons In Soil 
by Infrared Spectrometry 

Modified EPA Method 418. la 

Date Date Date Percent Reporting Concentration, 
Sampled Extracted Analyzed Solids,% Limit, mg/kg mg/kg 

- - - - - -
08/02/94 08/04/94 08/05/94 82.1 20 < 20 

08/02/94 08/04/94 08/05/94 80.1 20 < 20 

a EPAS00/4-79-020, March 1983 revision. Extraction modified for sons (Soxhlet). Concentration calculated 
on a dry weight basis. _ 

GTE. MOford, NH 
P4080061.DOC : 9 
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Meadowbrook Industrial Park 
Milford, N.H. 03055 
(603) 672-4835 
(800) 441-4835 
FAX(603)673-8105 

October 6, 1994 

Paul Farrington 
Groundwater Technology Government 
Services, Inc. 
100 River Ridge Drive 
Norwood, MA 02062 

RE: GTEL Client ID: 
Logi il Number: 
Project ID (number): 
Project ID (name): 

Dear Paul Farrington: . 

830012037 
M4080134 
830012037 
NAVY PIERS NAVAL BASE NORFOLK, VA 

Enclosed please find the analytical results for the samples received by GTEL 
Environmental Laboratories, Inc. on 08/05/94 under Chain-of-Custody Number(s) 
62419. 

A formal Quality Assurance/Quality Control (QA/QC) program is maintained by 
GTEL, which is designed to meet or exceed the EPA requirements. Analytical work 
for this project met QA/QC criteria unless otherwise stated in the footnotes. 

GTEL is certified by the State of Virginia under certification #00155. 

If you have any questions regarding this analysis, or if we can be of further 
assistance. please call our Customer Service Representative. 

Sincerely, 
GTEL Environmental Laboratories, Inc. 

~~.~ 
Susan C. Uhler 
Laboratory Director 



GTEL Cl i ent ID: 830012037 ANALYTICAL RESULTS 
Login NlJllber: H4080134 
Project ID (number): 830012037 
Project ID (name): NAVY PIERS NAVAL BASE NORFOLK. VA 

Reporting 

Total Petroleum Hydrocarbons 
Method: EPA 418.1 
Matrix: Soil 

Analyte Limit Units Concentration:Dry Weight 
rotaTPetraleuii:CHYdt.ocatbdllsi• >•>t:ZPV/ J•iri§/R9>••.i: •···•?? 20;JJJ? <>>•·• ••.••· Ztkt.F<i·•••: ·=·==··= · =·•=·=• ;c•••••==. <=·=··· .··.• • .. ·•••••••: \::~;=·.=.====··=··== 
Percent Solids % 75.1 77.2 
~ 
Dilution Factor: 

The dilution factor Indicates the adjustments made by the laboratory to results and sanple reporting limits for dilutions. 

EPA 418. l Modified: 

"Hethods for Olemlcal Analysis of Water and Wastes". EPA 600/4·79·-020. USEPA EHSL. Cincinnati. OH. Revised. Harch 1983. ·u· Indicates that the 

canpound was analyzed for but not detected at or above the reporting limit Indicated. Extraction modified for soils usfllg EPA 3550 (sonlcatlon). 

GTEL Milford. NH 
H4080134:1 



GTEL Cl 1 ent ID: 
Login Number: 
Project ID (number): 
Project ID (name): 

830012037 ANALYTICAL RESULTS 
H4080134 
830012037 
NAVY PIERS NAVAL BASE NORFOLK. VA 

Reporting 

Volatile Organics 
Method: EPA 8020 
Matrix: Soil 

Analyte . . .. .. Limit Units . . . . . . . . Concentration:Dr}' Weight 
~M;~ij~::::=rnittt:mm:::::::t:::;:::@mit:::rn@@f:tJ/t::::::=:::i9~!P.P.:IiiWfu9.?g4\tllt=::n::::dHP?:HHJttt:::@t::MP.!~9.$IP::::t::;:r;:::::::]f?L:6iF/,')/: :::=<=::::::::::::s:vt>= 
Toluene 0.10 mg/kg 0.10 U 0.10 U · 
§t:t&!§'.~P'tw.~:1;:::I::::[@::::r:1:r1:1I::[::::::r::::;:::::::::::::::::1::~t@;.:!~Ittfil9?K.~::-::=,:::: ·: =.=·:u.:.9:,_:~~t:J:F:::_rnu.::1:::mrn:ni:~tt~1=:1m:=:=:=:=:::;::::=::I:J=tH: ;;;2·. ' ... ·.··.·:···:···:···:·•=•===,,.,x~=fc .... 
Xylenes (total) 0.20 mg/kg 0.20 U 0.20 U 
P.&rc@t\SBH:dstltitifitJtfittl]tI:II?@'iii@@tltW!t::itttt:::t:.:=: :==:=t75fatI@:J:ififliiti?iit2@ttt:t:ttfc,:: :•: :.:: :) : . ',(:,,::)::> 

~ 
D11ut1on Factor: 

The d1lut1on factor 1nd1cates the adjustments made by the laboratory to results and 5i1111>le report1ng 11m1ts for d1lut1ons. 

EPA 8020: 

"Test Methods for Evaluat1ng Sol1d Waste. Phys1cal/Chem1cal Methods". SW·846. Th1rd Ed1t1on. Rev1s1on 1. us EPA July 1992. ·u· 1nd1cates that the 
c~Ol.lld w:is analyzed for but not detected. 

GTEL Milford, NH 
M4080134:1 
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·GTEL f.t,i.;.".JO'WonuOK 1Nul.JSTHIAL PARK CHAIN-OF-CUSTODY RECORD G2419 MILFORD, NH 03055 AND ANALYSIS REQUEST 
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I\ " I ./ 
" 

... I • ~ t ~· Waybill II <'<1 •, ·. ''· I ~ / :<·, 
v. 7/91 I ---·. -··---



L A B 0 R AT 0 R I E S , I N C. 

Meadowbrook Industrial Park 
Milford, N.H. 03055 
(603) 672-4835 
(800) 441-4835 
FAX(603)673-8105 · 

October 6, 1994 

Paul Farrington 
Groundwater Technology Government 
Services. Inc. 
100 River Ridge Drive 
Norwood, MA 02062 

RE: GTEL Client ID: 
Login Number: 
Project ID (number): 
Project ID (name): 

Dear Paul Farrington: 

830012037 
M4080092 
830012037 
NAVY PIERS NAVAL BASE NORFOLK, VA 

Enclosed please find the analytical results for the samples received by GTEL 
Environmental Laboratories, Inc. on 08/04/94 under Chain-of-Custody Number(s) 
62418. 

A formal Quality Assurance/Quality Control (QA/QC) program is maintained by 
GTEL. which is designed to meet or exceed the EPA requirements. Analytical work 
for this project met QA/QC criteria unless otherwise stated in the footnotes. 

GTEL is certified by the State of Virginia under certification #00155. 

If you have any questions regarding this analysis, or if we can be of further 
assistance, please call our Customer Service Representative. 

Sincerely, 
GTEL Environmental Laboratories. Inc. 

k~~:~~er 
Laboratory Director 



GTEL Cl 1 ent ID: 830012037 ANALYTICAL RESULTS 
Login Number: M4080092 
Project ID (number): 830012037 
Project ID (name): NAVY PIERS NAVAL BASE NORFOLK. VA 

Reporting 
Analyte Limit Units Concentration:Ory Weight 

000020 

Volatile Organics 
Method: EPA 8020 
Matrix: Soil 

ee11ze.11~vm::m:t:iitt:rftt:ttt1tu1 < ·%::%Ytit:~~.9~F:ttffi9/~.!1.ftJJ :\df:tQ:p~: m::::::m::tt:ttti:+F>Ht:ft:dft:t:J:JU;';:·:Ji:?}::f\fitf::::<\Ah .. 
Toluene 0.10 mg/kg 0.10 U 
EthxtHe~~~wf:I:fI:1·r::@::;t::::=.r::;:::::: .:; -'-:o:::::·:::.·::•·:·•.:::I1~tJ1l::::·:I:ffi91:gg:l:::::::::·;·.:::::ffErn:::t.qtQ.:f :;:6:1Mm:r:I::::::~:~:::::::::•::•rn: :m:::rn;.•::.:::::::::::::::i:::rn::::g<:::::::f:t•::;::::::rn:itI-::::.::;::;&:+. 
Xylenes (total) 0.20 mg/kg 0.20 U 
Per2~r1e:s811Hs:::t:=::::rmttftt:· •. :• ............ :r:: .-:··:·.· ·.· ::::••t:n::::rrntr:tt r:::rrm:Ea:::.1::::J::t1::::::t:::::::m·tn: ....... :······· :\. , .. : ··n.:=:::: ... ; .. ?•.::::•t:ftt?t•JtH:·•?ft'••··. 
~ 
011ut1on FKtor: 

The d11ut1ai factor 1nd1cates the adjustments made by the laboratory to results and SM'!>le report1ng I 1m1ts for dllut1ais. 

EPA 8020: 

"Test Hethods for Evaluat1ng Sol1d Waste. Phys1cal/01emlcal Hethods". SW-846. Third Ed1tlai. Revlslai l. US EPA July 1992. ·u· Indicates that the 

~d wis analyzed for but not detected. 

GTEL Mil ford. NH 
M4080092:1 



GTEL Client ID: 
Login Number: 
Project ID (number): 
Project ID (name): 

830012037 ANALYTICAL RESULTS 
H4080092 
830012037 
NAVY PIERS NAVAL BASE NORFOLK. VA 

Reporting 

Total Petroleum Hydrocarbons 
Method: EPA 418.1 
Matrix: Soil 

Analyte Limit Units Concentration:Dry Weight 
Tpta1·:.Petroleurm•HY.c:fr.0¢afboh~· ··r :lfaZQ;, .. ::: :ril9/K9 <•J} t> /.\20.~:<0••.·<••>>·· ·•· .. •·•···•·•·<<:::: .::::••·it{ •····· :::\:?: g.::•:••)•·•·················· 
Percent Solids X 82.0 
Notes: 

D1lut1on Factor: 
The d1lutlon factor Indicates the adjustments lllade by the laboratory to results and Silllple reporting limits for dilutions. 

EPA 418.1 Modified: 

"Hethods for Olemlcal Analysis of Water and Wastes". EPA 600/4-79--020. USEPA EHSL. ClnclMatl. OH. Revised. Harch 1983. ·u· Indicates that the 

canpound was analyzed for but not detected at or above the reporting limit Indicated. Extraction modified for soils using EPA 3550 (sonicatlon). 

GTEL Milford. NH 
H4080092:1 
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APPENDIX D 

Liquid-Level Data 

~GROUNDWATER 
D.00 TECHNOLOGY 



DD~ 
ODD 

GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

MONITORING WELLS 

MW-1 5.12 

MW-2 5.54 

MW-3 NG 

MW-4 NG 

MW-5 NG 

MW-6 NG 

MW-7 5.17 

MW-8 NG 

MW-9 NG 

MW-10 5.62 

MW-11 7.77 6.62 1.15 

MW-12 7.62 6.82 0.80 

MW-13 7.43 6.37 1.06 

MW-14 6.42 

MW-15 6.95 5.50 1.45 

MW-16 6.31 

MW-17 7.01 

MW-18 5.94 

MW-19 7.36 

Groundwater Technology Government Services, Inc. 
1244 B Executive Boulevard, Suite 106, Chesapeake, VA 23320 

Tel: (804) 436-7881 Fax: (804) 436-2312 

LIQUID LEVEL MEASUREMENTS 
CLIENT: U.S. Navy, Atlantic Division 
LOCATION: Piers, Norfolk Naval Base, 

Norfolk, Virgina 
DATE: August 8-12, 1994 

Not Gauged 

Not Gauged 

Not Gauged 

Not Gauged 

Not Gauged 

Not Gauged 

DEPTH TO WATER MEASURED RELATIVE TO LIP OF PVC 
DTW = Depth to Water Elev-W 
DTP = Depth to Product Corrected Elev-W 
PT = Product Thickness 
TOC = Top of Casing 

PERPROJ.ll 1 

= Elevation of Water 
= Corrected water elevation for the 

presence of hydrocarbon floating on 
the Water table 

= TOC ELEV - DTW + (PT x 0.88) 

Offices throughout the U.S., Canada and Overseas 



DD~ 
DOD 

GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

MONITORING WELLS 

· .. 
.·•·•··.···· MW-20 7.18 

MW-21 NG 

MW-22 8.77 

MW-23 7.32 

MW-24 6.33 

MW-25 7.57 

MW-26 10.87 

MW-27 NG 

MW-28 NG 

MW-29 NG 

MW-30 NG 

MW-31 NG 

MW-32 NG 

MW-33 NG 

MW-34 NG 

MW-35 6.09 

MW-36 6.13 

MW-37 6.13 5.94 0.19 

MW-38 NG 

Groundwater Technology Government Services, Inc. 
1244 B Executive Boulevard, Suite 106, Chesapeake, VA 23320 

Tel: (804) 436-7881 Fax: (804) 436-2312 

LIQUID LEVEL MEASUREMENTS 
CLIENT: U.S. Navy, Atlantic Division 
LOCATION: Piers, Norfolk Naval Base, 

Norfolk, Virgina 
DATE: August 8-12, 1994 

dONIMENts / 
•••• • ••• 

No cap or cover 

Not Gauged 

Not Gauged 

Not Gauged 

Not Gauged 

Not Gauged 

Not Gauged 

Not Gauged 

Not Gauged 

Paved Over 

DEPTH TO WATER MEASURED RELATIVE TO LIP OF PVC 
DlW = Depth to Water Elev-W 
DTP = Depth to Product Corrected Elev-W 
PT = Product Thickness 
TOC = Top of Casing 

PIERPROJ.LL2 

= Elevation of Water 
= Corrected water elevation for the 

presence of hydrocarbon floating on 
the Water table 

= TOC ELEV - DlW + {PT x 0.88) 

Offices throughout the U.S., Canada and Overseas 



DD~ 
DOD 

GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

MONITORING WELLS 

Groundwater Technology Government Services, Inc. 
1244 B Executive Boulevard, Suite 106, Chesapeake, VA 23320 

Tel: (804) 436-7881 Fax: (804) 436-2312 

LIQUID LEVEL MEASUREMENTS 
CLIENT: U.S. Navy, Atlantic Division 
LOCATION: Piers, Norfolk Naval Base, 

Norfolk, Virgina 
DATE: August 8-12, 1994 

N& , ... ELEV-' > cofiijec"l"so > COMMeN"fS } 
W ? ······ 1$l..1$YfW ./ > 

MW-39 6.06 

MW-40 NG 

MW-41 NG 

MW-42 6.07 

MW-43 8.60 5.55 3.05 

MW-44 7.59 7.30 0.29 

MW-45 6.51 

MW-46 NG 

MW-47 NG 

MW-48 6.13 

MW-49 10.13 6.36 3.77 

MW-50 NG 

MW-51 6.69 

MW-52 5.79 

MW-53 6.92 

MW-54 6.82 5.84 0.98 

MW-55 5.76 

MW-56 NG 

MW-57 8.42 

DEPTH TO WATER MEASURED RELATIVE TO LIP OF PVC 
DTW = Depth to Water Elev-W 
DTP = Depth to Product Corrected Elev-W 
PT = Product Thickness 
TOC =Top of Casing 

PERPROJ.ll3 

Not Gauged 

Not Gauged 

Not Gauged 

Wasp Nest 

Not Gauged 

Well Demolished 

= Elevation of Water 
= Corrected water elevation for the 

presence of hydrocarbon floating on 
the Water table 

= TOC ELEV - DTW + (PT x 0.88) 

Offices throughout the U.S., Canada and Overseas 
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DD~ 
ODD 

GROUNDWATER 
TECHNOLOGY 
GOVERNMENT SERVICES 

MONITORING WELLS 

Nb. ••·· 
· . 

. • oiw·· DTP 
.·•············ > 

····· 

· ... 

MW-58 5.65 

MW-59 6.59 5.92 0.67 

MW-60 NG 

MW-61 6.00 

MW-62 6.11 

MW-63 6.37 6.07 0.30 

MW-64 6.12 

GT-1 6.47 

GT-2 5.61 

GT-3 6.47 

GT-4 5.84 

GT-5 7.57 6.80 0.77 

GT-6 5.97 

GT-7 5.88 

GT-8 5.83 

GT-9 6.65 

GT-10 5.57 

Groundwater Technology Government Services, Inc. 
1244 B Executive Boulevard, Suite 106, Chesapeake, VA 23320 

Tel: (804) 436-7881 Fax: (804) 436-2312 

LIQUID LEVEL MEASUREMENTS 
CLIENT: U.S. Navy, Atlantic Division 
LOCATION: Piers, Norfolk Naval Base, 

Norfolk, Virgina 
DATE: August 8-12, 1994 

·•· 

Not Gauged 

DEPTH TO WATER MEASURED RELATIVE TO LIP OF PVC 
DTW = Depth to Water Elev-W 
DTP = Depth to Product Corrected Elev-W 
PT = Product Thickness 
the TOC= Top of Casing 

PIERPROJ.LL4 

= Elevation of Water 
- Corrected water elevation for the 

presence of hydrocarbon floating on 
Water table 

= TOC ELEV - DTW + (PT x 0.88) 

Offices throughout the U.S., Canada and Overseas 



APPENDIX E 

Rising Head Permeability Test Results 

~GROUNDWATER 
DOD TECHNOLOGY 



PIERS7 -------------------- PAGE 1 

DATA SET: PIERS7 

CLIENT: LANTDIV NAVFACENGCOM DATE: 13 JULY 94 
LOCATION: NAVAL BASE WELL NO.: MW-7 

COUNTY: NORFOLK, VA WELL DEPTH: 24.51 ft 
PROJECT: PIERS PROJECT WATER TABLE: 5.550 ft 
AQUIFER: Endless THICKNESS: 18.96 ft 

INTAKE RADIUS: 0.417 ft CASING RADIUS: 0.281 ft 
SCREEN TOP: 5.550 ft SCREEN BASE: 24.51 ft 

INITIAL HEAD: 0.875 ft TRANS. RATIO: 1.0000 

MODEL PARAMETERS: 

TRANSMISSIVITY: 126.77982square ft/day 

CONDUCTIVITY: 6.68670 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice) 

No. TIME Head, H (ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

1 0.184 0.600 
2 0.217 0.550 
3 0.283 0.500 0.455 8.97 
4 0.383 0.450 0.427 5.01 
5 0.417 0.430 0.418 2.69 
6 0.500 0.400 0.397 0.707 
7 0.600 0.370 0.373 -0.811 
8 0.684 0.350 0.353 -1.09 
9 0.767 0.340 0.335 1.21 

10 0.900 0.300 0.308 -2.99 
11 1. 03 0.270 
12 1.16 0.250 
13 1. 35 0.230 
14 1. 56 0.200 
15 1. 76 0.170 
16 1. 95 0.150 
17 2.23 0.130 
18 2.75 0.1000 
19 3.10 0.0800 
20 3.36 0.0700 
21 4.60 0.0300 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 



,...--..... 
-+-J 
Cl) 
Cl) 

0 0.1 

-0 
0 
Cl) 

1 
°a 

a 

I ~ a 

0.01 

0 

MODEL lYPE: BOUWER and RICE 

CONDUCTMTY: 6.687 ft/da'f 

TRANSMISSMTY: 126.7 sq. ft/day 

1 2 3 

Time (minutes) 
tor. LANTDIV NAVFACENGCOM 
by: Groundwater Technology, Inc. 
WEil. DATA: Units: ft 
AQUIFER: Endle111 
TI-llCKNESS: 18.96 

INITIAL HEAD: .8750 ft SCREEN: top: 5.550 base: 24.51 
1-----------...-----------1 DIAMETER: cosing: .5620 Intake: .8340 

Dato Set: PIERS7 Dote: 13 JULY 94 DEPTH: Water Table: 5.550 TD:. 24.51 

4 5 

PIERS PROJECT 

Well: MW-7 
NAVAL BASE 

NORFOLK, VA 

ll!J 



CLIENT: 
LOCATION: 

COUNTY: 
PROJECT: 
AQUIFER: 

INTAKE RADIUS: 
SCREEN TOP: 

INITIAL HEAD: 

PIERS14 -------------------- PAGE 1 

DATA SET: PIERS14 

LANTDIV NAVFACENGCOM 
NAVAL BASE 
NORFOLK, VA 
PIERS PROJECT 
Endless 

0.417 ft 
7.140 ft 
2.660 ft 

MODEL PARAMETERS: 

DATE: 
WELL NO.: 

WELL DEPTH: 
WATER TABLE: 

THICKNESS: 
CASING RADIUS: 

SCREEN BASE: 
TRANS. RATIO: 

13 JULY 94 
MW-14 

23.44 ft 
7.140 ft 
16.30 ft 
0.281 ft 
23.44 ft 

1.0000 

TRANSMISSIVITY: 477.64822square ft/day 

CONDUCTIVITY: 29.30357 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice) 

No. TIME Head, H (ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

1 0.233 0.910 
2 0.267 0.660 
3 0. 317 0.560 0.533 4.68 
4 0.350 0.510 0.496 2.57 
5 0.383 0.460 0.462 -0.543 
6 0.433 0.410 0.414 -1.19 
7 0.500 0.360 0.358 0.358 
8 0.550 0.310 0.321 -3.80 
9 0.633 0.260 0.268 -3.35 

10 0.733 0.210 0.216 -2.97 
11 0.867 0.160 0.161 -1. 02 
12 1.06 0.110 0.104 4.83 
13 1.44 0.0600 
14 1. 75 0.0400 
15 2.88 0.00100 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 
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MODEL lYPE: BOUWER and RICE 

c 

c 

1 1 .5 2 

Time (minutes) 
tor. LANTDIV NAVFACENGCOM 
by: Groundwater Technology, Inc. 
WELL DATA: Units: ft 
AQUIFER: Endlesa 
THICKNESS: 16.30 

CONDUCTMTY: 29.30 ft/dat 

TRANSMISSMlY: 477.6 sq. ft/day 

INITIAL HE'AD: 2.660 ft SCREEN: lop: 7.140 base: 23.44 
1-----------.----------1 DIAMETER: casing: .:5620 Intake: .8340 

Dota Set: PIERS14 C>Qte: 13 JULY 94 DEPTH: Water Table: 7.140 TD: 23.44 

2.5 3 

PIERS PROJECT 

Well: MW-14 
NAVAL BASE 

NORFOLK, VA 

Jt 



--------~----------- PIERS32 

CLIENT: 
LOCATION: 

COUNTY: 
PROJECT: 
AQUIFER: 

INTAKE RADIUS: 
SCREEN TOP: 

INITIAL HEAD: 

DATA SET: PIERS32 

LANTDIV NAVFACENGCOM 
NAVAL BASE 
NORFOLK, VA 
PIERS PROJECT 
Endless 

0.417 ft 
6.970 ft 
0.682 ft 

-------------------- PAGE 1 

DATE: 
WELL NO.: 

WELL DEPTH: 
WATER TABLE: 

THICKNESS: 
CASING RADIUS: 

SCREEN BASE: 
TRANS. RATIO: 

12 JULY 94 
MW-32 

25.13 ft 
6.970 ft 
18.16 ft 
0.281 ft 
25.13 ft 

1.0000 

MODEL PARAMETERS: 

TRANSMISSIVITY: 23.42637square ft/day 

CONDUCTIVITY: 1.29000 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice) 

No. TIME Head, H (ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

1 0.217 0.630 
2 0.300 0.610 
3 0.333 0.580 
4 0.433 0.560 
5 0.650 0.530 
6 0.833 0.510 
7 1.13 0.480 0.463 3.46 
8 1. 44 0.460 0.447 2.61 
9 1.81 0.430 0.429 0.0506 

10 2.16 0.410 0.413 -0.865 
11 2.78 0.380 0.386 -1. 69 
12 3.44 0.350 0.359 -2.71 
13 4.00 0.330 0.338 -2.43 
14 4.60 0.310 0.316 -2.07 
15 5.63 0.280 0.282 -0.869 
16 6.91 0.250 0.245 1.90 
17 7.71 0.230 0.224 2.36 
18 9.01 0.210 
19 11.16 0.180 
20 13.93 0.150 
21 16.63 0.130 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 
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2.5 

MODEL lYPE: BOUWER and RICE 

CONDUc::TMTY: 1.290 ft/dO'f 

TRANSt.llSSMlY: 23.42 sq. ft/day 

a 

5 7.5 10 

Ti me (minutes) 
for. LANTDIV NAVFACENGCOM 
by: Groundwater Technology, Inc. 
WELL DATA: Units: ft 
AQUIFER: Endle111 
TI-llCKNESS: 18.16 

INITIAL HE:AD: .6820 ft SCREEN: lop: 6.970 base: 25.13 

1-----------.------------4 DIAMETER: casing: .5620 Intake: .8340 
Data Set: PIERS32 Date: 12 JULY 94 DEPTH: Water Table: 6.970 TD: 25.1 J 

D 

12.5 

a 

a 

15 17.5 

PIERS PROJECT 

Well: MW-32 
NAVAL BASE 

NORFOLK, VA 

. lfl]i 



CLIENT: 
LOCATION: 

COUNTY: 
PROJECT: 
AQUIFER: 

INTAKE RADIUS: 
SCREEN TOP: 

INITIAL HEAD: 

PIERS39 

DATA SET: PIERS39 

LANTDIV NAVFACENGCOM 
NAVAL BASE 
NORFOLK, VA 
PIERS PROJECT 
Endl~ss 

0.417 ft 
6.150 ft 
0.688 ft 

-------------------- PAGE 1 

DATE: 
WELL NO.: 

WELL DEPTH: 
WATER TABLE: 

THICKNESS: 
CASING RADIUS: 

SCREEN BASE: 
TRANS. RATIO: 

12 JULY 94 
MW-39 

24.56 ft 
6.150 ft 
18.41 ft 
0.281 ft 
24.56 ft 

1.0000 

MODEL PARAMETERS: 

TRANSMISSIVITY: 99.33665square ft/day 

CONDUCTIVITY: 5.39580 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice) 

No. TIME Head, H (ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

1 0.184 0.550 
2 0.250 0.500 
3 0.300 0.460 
4 0.367 0.460 
5 0.440 0.400 0.381 4.74 
6 0.567 0.370 0.358 2.99 
7 0.667 0.350 0.342 2.17 
8 0.733 0.330 0. 331 -0.584 
9 0.917 0.300 0.304 -1.46 

10 1.10 0.270 0.279 -3.42 
11 1. 28 0.250 0.256 -2.47 
12 1.43 0.230 0.238 -3.59 
13 1. 71 0.200 0.208 -4.42 
14 2.11 0.170 0.172 -1. 76 
15 2.50 0.150 0.144 3.70 
16 2.80 0.130 0.125 3.52 
17 3.73 0.1000 
18 4.91 0.0700 
19 6.41 0.0500 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 
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MODEL lYPE: BOUWER and RICE 

CONDUCTMTY: !S.396 ft/day 

TRANSMISSMTY: 99.34 sq. ft/day 

a 

2 3 4 

Ti me (minutes) 
ft>r. LANTDIV NAVFACENGCOM 
by: Groundwater Technology, Inc. 
WELL DATA: Units: ft 
AQUIFER: Endleus 

TI-llCKNESS: 18.41 

INITIAL HE"AD: .6880 ft SCREEN: top: 6.150 base: 24.56 

,__--------~----------1 DIAMETER: cosing: .5620 Intake: .8340 
Data Set: PIERS39 Dote: 12 JULY 9"4 DEPTH: Water Tobie: S.150 TD: 24.56 

c 

5 

c 

6 7 

PIERS PROJECT 

Well: MW-39 
NAVAL BASE 

NORFOLK, VA 

Jill 



CLIENT: 
LOCATION: 

COUNTY: 
PROJECT: 
AQUIFER: 

INTAKE RADIUS: 
SCREEN TOP: 

INITIAL HEAD: 

PIERS42 -------------------- PAGE 1 

DATA SET: PIERS42 

LANTDIV NAVFACENGCOM 
NAVAL BASE 
NORFOLK, VA 
PIERS PROJECT 
Endless 

0.417 ft 
6.320 ft 
0.860 ft 

MODEL PARAMETERS: 

DATE: 
WELL NO.: 

WELL DEPTH: 
WATER TABLE: 

THICKNESS: 
CASING RADIUS: 

SCREEN BASE: 
TRANS. RATIO: 

12 JULY 94 
MW-42 

14.77 ft 
6.320 ft 
8.45 ft 

0.281 ft 
14.77 ft 

1.0000 

TRANSMISSIVITY: 57.99990square ft/day 

CONDUCTIVITY: 6.86389 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice) 

No. TIME Head, H (ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

1 0.267 0.730 
2 0.367 0.680 
3 0.417 0.650 0.615 5.33 
4 0.467 0.630 0.603 4.24 
5 0.517 0.610 0.591 3.04 
6 0.600 0.580 0.572 1.31 
7 0.684 0.560 0.553 1.13 
8 0.750 0.530 0.539 -1. 76 
9 0.967 0.480 0.495 -3.12 

10 1. 06 0.460 0.475 -3.43 
11 1. 21 0.430 0.448 -4.27 
12 1. 35 0.410 0.425 -3.75 
13 1. 51 0.380 0.398 -4.78 
14 1. 70 0.360 0.370 -2.88 
15 1. 96 0.330 0.333 -0.986 
16 2.18 0.310 0.305 1. 34 
17 2.43 0.280 0.277 1. 01 
18 2.76 0.260 0.242 6.60 
19 3.18 0.230 
20 3.51 0.200 
21 4.21 0.160 
22 4.70 0.130 
23 5.44 0.1000 

* Groundwater Technology, Inc. * 



No. 

24 
25 

TIME 
(mins) 

6.03 
6.88 

PIERS42 -------------------- PAGE 2 

Head, H (ft) 
DATA SYNTHETIC 

0.0800 
0.0600 

DIFFERENCE 
(percent) 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 
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Time (minutes) 
MODEL lYPE: BOUWER and RICE 

CONDUCTMTY: 6.86+ ft/dey 

TR>NSMISSMlY: ~.oo sq. ft/day 

for. LANTDIV NAVFACENGCOM 
by: Groundwater Technology, Inc. 
WELL DATA: Units: ft 
AQUIFER: Endlen 

THICKNESS: B.450 

INITIAL HE'AD: .8600 ft SCREEN: top: 6.320 base: 14.n 
1-----------.-----------1 DIAMETER: casing: .5620 Intake: .8340 

Dato Set: PIERS42 Dote: 12 JULY 94 DEPll-1: Water Tobie: 6.320 TD: 1 +.77 

a 

5 

a 
a 

c 

6 7 

PIERS PROJECT 

Well: MW-42 
NAVAL BASE 

NORFOLK, VA 

JM 



CLIENT: 
LOCATION: 

COUNTY: 
PROJECT: 
AQUIFER: 

INTAKE RADIUS: 
SCREEN TOP: 

INITIAL HEAD: 

PIERS51 

DATA SET: PIERS51 

LANTDIV NAVFACENGCOM 
NAVAL BASE 
NORFOLK, VA 
PIERS PROJECT 
Endless 

0. 417 ft 
6.800 ft 
0.720 ft 

-------------------- PAGE 1 

DATE: 
WELL NO.: 

WELL DEPTH: 
WATER TABLE: 

THICKNESS: 
CASING RADIUS: 

SCREEN BASE: 
TRANS. RATIO: 

12 JULY 94 
MW-51 

24.90 ft 
6.800 ft 
18.10 ft 
0.281 ft 
24.90 ft 

1. 0000 

MODEL PARAMETERS: 

TRANSMISSIVITY: 48.77488square ft/day 

CONDUCTIVITY: 2.69474 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice) 

No. TIME Head, H (ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

1 0.200 0.600 
2 0.283 0.550 
3 0.500 0.520 0.505 2.70 
4 0.667 0.500 0.492 1.46 
5 0.850 0.480 0.478 0.310 
6 1.11 0.460 0.458 0.306 
7 1. 31 0.440 0.444 -0.957 
8 1. 60 0.420 0.424 -1.10 
9 1. 88 0.400 0.405 -1.48 

10 2.21 0.380 0.384 -1.28 
11 2.73 0.350 0.354 -1. 29 
12 3.20 0.330 0.329 0.265 
13 3.73 0.300 0.302 -0.780 
14 4.91 0.250 0.250 -0.153 
15 5.76 0.220 
16 6.40 0.200 
17 7.00 0.180 
18 7.90 0.150 
19 8.93 0.120 
20 10.01 0.1000 
21 11.06 0.0800 
22 12.66 0.0500 

* Groundwater Technology, Inc. * 
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PIERS51 -------------------- PAGE 2 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 
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Time (minutes) 
MODEL lYPE: BOUWER and RICE tor. LANTON NAVFACENGCOM 

by: Groundwater Technology, Inc. 
WELL DATA: Units: ft 
AQUIFER: Endlee1 

THICKNESS: 18.10 

CONDUCTMTY: 2.694 ft/dey 

TRANSMISSMTY: 48.77 sq. ft/day 

INITIAL HE:AD: .7200 ft SCREEN: lop: 6.800 base: 2-4-.90 
i-----------.------------1 DIAMETER: casing: .~620 Intake: .8340 

Dcrta Set: PIERS51 D<Jte: 12 JULY 94 DEPTH: Water Table: 6.800 TD: 24.90 

a 
a 

10 

c 

15 

PIERS PROJECT 

Well: MW-51 
NAVAL BASE 

NORFOLK, VA 

JUJU 



CLIENT: 
LOCATION: 

COUNTY: 
PROJECT: 
AQUIFER: 

INTAKE RADIUS: 
SCREEN TOP: 

INITIAL HEAD: 

PIERS52 

DATA SET: PIERS52 

LANTDIV NAVFACENGCOM 
NAVAL BASE 
NORFOLK, VA 
PIERS PROJECT 
Endless 

0.417 ft 
6.520 ft 
0.750 ft 

-------------------- PAGE 1 

DATE: 
WELL NO.: 

WELL DEPTH: 
WATER TABLE: 

THICKNESS: 
CASING RADIUS: 

SCREEN BASE: 
TRANS. RATIO: 

12 JULY 94 
MW-52 

24.88 ft 
6.520 ft 
18.36 ft 
0.281 ft 
24.88 ft 

1.0000 

MODEL PARAMETERS: 

TRANSMISSIVITY: 92.88194square ft/day 

CONDUCTIVITY: 5.05893 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER {Bouwer & Rice) 

No. TIME Head, H {ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

1 0.317 0.530 
2 0.383 0.500 
3 0.467 0.460 
4 0.567 0.430 
5 0.617 0.420 
6 0.684 0.410 
7 0.733 0.400 
8 0.817 0.390 
9 0.867 0.380 

10 0.983 0.370 0.361 2.29 
11 1. 25 0.330 0.332 -0.791 
12 1. 36 0.320 0.320 -0.217 
13 1.44 0.310 0.313 -1.12 
14 1.53 0.300 0.304 -1.50 
15 1.80 0.280 0.280 -0.0675 
16 2.05 0.260 0.259 0.317 
17 2.35 0.230 0.236 -2.62 
18 2.71 0.210 0.210 -0.240 
19 3.21 0.180 0.180 -0.0638 
20 3.70 0.160 0.154 3.16 
21 4.30 0.130 0.128 1.15 
22 5.18 0.1000 0.0975 2.46 
23 5.86 0.0800 0.0788 1.46 

* Groundwater Technology, Inc. * 



No. 

24 
25 

TIME 
(mins) 

6.60 
7.75 

PIERS52 -------------------- PAGE 2 

Head, H (ft) 
DATA SYNTHETIC 

0.0600 0.0627 
0.0300 

DIFFERENCE 
(percent) 

-4.53 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 
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MODEL 1YPE: BOUWER and RICE 

CONDUCTMTY: ?5.0?59 ft/day 

TR.ANSMISSMTY: 92.88 sq. ft/day 

INITlAL HE:AD: .7500 ft 

Data Set: PIERS52 D<lte: 12 JULY 94 

2 3 4 5 

Time (minutes) 
ror: LANTDIV NAVFACENGCOM 
by: Groundwater Technology, Inc. 
WELL DATA: Unlts: ft 

AQUIFER: Endle1111 

THICKNESS: 18.36 
SCREEN: top: 6.520 base: 2-4-.88 

DIAMETER: casing: .5620 Intake: .8340 

DEPTH: Water Table: 6.~20 TD: 24.88 

6 

0 

7 8 

PIERS PROJECT 

Well: MW-52 
NAVAL BASE 

NORFOLK, VA 

Jill 



CLIENT: 
LOCATION: 

COUNTY: 
PROJECT: 
AQUIFER: 

INTAKE RADIUS: 
SCREEN TOP: 

INITIAL HEAD: 

PIERS53 

DATA SET: PIERS53 

LANTDIV NAVFACENGCOM 
NAVAL BASE 
NORFOLK, VA 
PIERS PROJECT 
Endless 

0. 417 ft 
6.960 ft 
1. 030 ft 

-------------------- PAGE 1 

DATE: 
WELL NO.: 

WELL DEPTH: 
WATER TABLE: 

THICKNESS: 
CASING RADIUS: 

SCREEN BASE: 
TRANS. RATIO: 

12 JULY 94 
MW-53 

24.83 ft 
6.960 ft 
17.87 ft 
0.281 ft 
24.83 ft 

1.0000 

MODEL PARAMETERS: 

TRANSMISSIVITY: 110.11537square ft/day 

CONDUCTIVITY: 6.16202 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice) 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

TIME 
(mins) 

0.217 
0.283 
0.383 
0.433 
0.484 
0.533 
0.617 
0.700 
0.767 
0.883 
1.01 
1.40 
1.53 
1.60 
1.86 
2.06 
2.41 
2.70 
3.05 
3.43 
3.95 
4.53 
5.23 

* 

Head, H (ft) 
DATA SYNTHETIC 

0.740 
0.650 
0.620 
0.580 
0.560 
0.540 
0.520 
0.490 
0.470 
0.440 
0.420 
0.360 
0.340 
0.320 
0.290 
0.270 
0.240 
0.220 
0.190 
0.170 
0.140 
0.120 
0.0900 

0.519 
0.509 
0.493 
0.478 
0.466 
0.446 
0.425 
0.366 
0.349 
0.339 
0.308 
0.285 
0.250 
0.224 
0.196 
0.169 
0.139 
0.111 
0.0858 

Groundwater Technology, Inc. * 

DIFFERENCE 
(percent) 

7.31 
5.65 
5.09 
2.40 
0.804 

-1. 39 
-1.23 
-1.86 
-2.67 
-6.23 
-6.21 
-5.75 
-4.18 
-1. 81 
-3.24 

0.0975 
0.400 
6.74 
4.64 



PIERS53 -------------------- PAGE 2 

No. TIME Head, H (ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

24 6.26 0.0600 0.0580 3.21 
25 7.15 0.0400 0.0414 -3.59 
26 8.43 0.0200 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 
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MODEL lYPE: BOUWER and RICE 

CONDUCTMTY: 6.162 ft/dey 

TIWlSMISSMlY: 110.1 sq. ft/day 

2 3 4 5 6 

Time (minutes) 
for. LANTDIV NAVFACENGCOM 
by: Groundwater Technology, Inc. 
WELL DATA: Units: ft 
AQUIFER: Endle11 
lHICKNESS: 17.B7 

INITIAL HE'AO: 1.030 ft SCREEN: top: 6.960 base: 2.C..83 

1-----------.---------- DIAMETER: cosing: .:5620 Intake: .8340 
Data Set: PIERS53 D<lte: 12 JULY 94 DEPTI-t: Water Tobie: 6.960 TD: 24.8:5 

c 

7 8 9 

PIERS PROJECT 

Well: MW-53 
NAVAL BASE 

NORFOLK, VA 

illlli 



CLIENT: 
LOCATION: 

COUNTY: 
PROJECT: 
AQUIFER: 

INTAKE RADIUS: 
SCREEN TOP: 

INITIAL HEAD: 

PIERS57 -------------------- PAGE 1 

DATA SET: PIERS57 

LANTDIV NAVFACENGCOM 
NAVAL BASE 
NORFOLK, VA 
PIERS PROJECT 
Endless 

0.417 ft 
5.590 ft 
1. 500 ft 

MODEL PARAMETERS: 

DATE: 
WELL NO.: 

WELL DEPTH: 
WATER TABLE: 

THICKNESS: 
CASING RADIUS: 

SCREEN BASE: 
TRANS. RATIO: 

12 JULY 94 
MW-57 

24.28 ft 
5.590 ft 
24.28 ft 
0.281 ft 
24.28 ft 

1.0000 

TRANSMISSIVITY: 563.76715square ft/day 

CONDUCTIVITY: 23.21940 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice) 

No. TIME Head, H (ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

1 0.167 1.20 
2 0.267 1.00 
3 0.333 0.850 
4 0.400 0.750 0.855 -14.05 
5 0.440 0.650 0.724 -11. 50 
6 0.500 0.550 0.565 -2.77 
7 0.550 0.500 0.459 8.10 
8 0.600 0.450 0.373 17.00 
9 0.667 0.350 0.282 19.15 

10 0.700 0.250 0.246 1.28 
11 0.800 0.150 0.163 -8.71 
12 0.883 0.1000 0.115 -15.61 
13 1.53 0.0500 
14 2.43 0.0300 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 
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MODEL lYPE: BOUWER and RICE 
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1 1 .5 

Time (minutes) 
for. LANTDIV NAVFACENGCOM 
by: Groundwater Technology, Inc. 
WELL DATA: Units: ft 
AQUIFER: Endlen 
THICKNESS: 24.28 

CONDUCTMTY: 23.22 ft/day 

TR#ISMISSMTY: ~SJ.7 sq. ft/day 

INITIAL HEAD: 1.500 ft SCREEN: top: 5.590 base: 2.4.2.8 
1-----------.----------i DIAMETER: cosing: .~820 Intake: .8340 

Data Set: PIERS57 D<lte: 12 JULY 94 DEPTH: Water Table: ~.~90 TD: 24.28 

c 

2 2.5 

PIERS PROJECT 

Well: MW-57 
NAVAL BASE 

NORFOLK, VA 

. lllil1 



CLIENT: 
LOCATION: 

COUNTY: 
PROJECT: 
AQUIFER: 

INTAKE RADIUS: 
SCREEN TOP: 

INITIAL HEAD: 

PIERS64 -------------------- PAGE 1 

DATA SET: PIERS64 

LANTDIV NAVFACENGCOM 
NAVAL BASE 
NORFOLK, VA 
PIERS PROJECT 
Endless 

o. 417 ft 
6.320 ft 
0.513 ft 

MODEL PARAMETERS: 

DATE: 
WELL NO.: 

WELL DEPTH: 
WATER TABLE: 

THICKNESS: 
CASING RADIUS: 

SCREEN BASE: 
TRANS. RATIO: 

13 JULY 94 
MW-64 

13.63 ft 
6.320 ft 
7.31 ft 

0.281 ft 
13.63 ft 

1.0000 

TRANSMISSIVITY: 347.84113square ft/day 

CONDUCTIVITY: 47.58429 ft/day 

MODEL TYPE: UNCONFINED PARTIALLY PENETRATED AQUIFER (Bouwer & Rice) 

No. TIME Head, H (ft) DIFFERENCE 
(mins) DATA SYNTHETIC (percent) 

1 0.233 0.280 0.268 4 .19 
2 0.283 0.230 0.231 -0.594 
3 0.350 0.180 0.189 -5.42 
4 0.417 0.160 0.155 2.72 
5 0.467 0.130 0.134 -3.25 
6 0.533 0.110 0.110 -0.377 
7 0.650 0.0800 0.0781 2.36 
8 0.783 0.0600 
9 1.00 0.0300 

10 1. 36 0.01000 

CURRENT RESOLUTION MATRIIX NOT AVAILABLE 

* Groundwater Technology, Inc. * 
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VERTICAL INDUCTION PROFILING 
GEOPHYSICAL SURVEY 

NORFOLK NAVAL PIERS SITE 
NORFOLK, VIRGINIA 

Prepared for: 

Groundwater Technology Government Services, Inc. 
1244-B Executive Boulevard, Suite 106 

Chesapeake, Virginia 23320 

October 6, 1994 

Prepared by: 

North American Exploration of Virginia, Inc. 
Post Office Box 7584 

Charlottesville, Virginia 22906 
(804) 973-4328 

(804) 973-9791 Fax 



INTRODUCTION 

Groundwater Technology Government Services, Inc. (GSI) requested North American 

Exploration of Virginia, Inc. (NAEV A) to conduct a vertical induction profiling (VIP) 

geophysical survey at the Norfolk Naval Piers Site, Norfolk, Virginia. The objective of the 

survey was to locate areas in the subsurface with anomalously high electrical resistivities, 

indicating the potential presence of petroleum hydrocarbon contaminants. 

VIP METHODOLOGY 

VIP surveys are conducted as follows: A transmitter coil is placed on the surface, which 

generates a primary, alternating electromagnetic field. For each well, a receiver coil is 

configured in a slim hole probe allowing data collection from a 2" diameter, or greater, PVC 

cased hole. A profile is measured by raising a receiver coil in a nearby monitor well at a slow 

rate and recording voltages induced by the primary and secondary electromagnetic fields. The 

signal profile at the receiver probe may be interpreted as a "relative resistivity" log of the 

section below the transmitter and receiver. Changes in resistivity may indicate the presence of 

hydrocarbon contaminants, salt water, buried metals, and changes in lithology, etc. The 

effective depth "profiled" is from 1 foot above the bottom of the hole to 4 feet from surface. 

SITE AND SURVEY CONFIGURATION 

The area of investigation, as defined by GSI at the pre-proposal conference, was a 

rectangular area approximately 650 feet north-south by 250 feet east-west as shown in Figure 

1. 
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A grid was established over the area of investigation on a 50-foot by 50-foot spacing, 

centered on monitor well (MW) 54, which was designated with grid coordinates 300 EAST (X) 

and 300 NORTH (Y). The grid was oriented to be parallel with the edge of the wharf, west of 

the monitor well. Locations of the monitor wells and significant landmarks such as roads and 

buildings were surveyed and provided to NAEV A by GSI. This was the basis for the generation 

of the site plan on which the grid points are located. Each grid station was a transmitter site, 

and 84 sites were established to cover the area of investigation. These sites were given number 

designations as shown in the site plan. Some transmitter sites had to be offset in the field from 

the ideal coordinates due to cultural features such as buildings, parked cars, etc. In other cases, 

during data collection the transmitter sites may have been offset again to attempt to avoid 

interference from subsurface metallic or electrical features. The actual coordinates for each 

transmitter station are listed in Appendix A. 

Waste Microbes, Inc. was subcontracted to provide the necessary equipment and operator 

to collect the raw data. They have conducted approximately 20 VIP surveys previously. 

Typically, data can be collected at a receiver in a monitor well to a maximum distance of 250 

to 300 feet from the surface transmitter. Data collection was initiated at MW-54 and transmitter 

sites were occupied north, south, and west of this well. In many cases, to ensure the collection 

of valid electromagnetic readings, the site was logged more than once to confirm repeatability. 

In general, signal strength was good and the data appeared repeatable. Electrical interference 

was encountered at several sites in front of pier 5 on line 200E which caused repeatability 

problems. Consequently, the sites were offset 28 feet east to the edge of the road and the sites 

were relogged. Thus the 200E line was continued north at 228E to avoid further interference. 

2 
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Some problems were encountered when logging sites east and southeast of MW-54, where signal 

strength appeared abnormally low. These sites were relogged from MW-53 after moving there 

in order to log site 51 (MW-54). Data collected at sites from MW-53 were repeatable although 

several sites north of MW-53 had abnormal curves, suggesting the presence of strong conductors 

between the transmitter and receiver, probably due to underground pipelines or powerlines. 

After completion of logging from MW-53, the receiver was moved to MW-60 to 

complete the logging of the stations at the north end of the property. MW-55 and MW-59 were 

not useable due to the lack of an accessible AC power source near these wells. Data collected 

using transmitter stations from MW-60 were found, in general, to be erratic with repeatability 

problems. Repeated attempts were made to collect valid data at many of these sites. Various 

equipment checks were also conducted in several instances and all was found to be in proper 

working order. Significant variations in the received electrical voltages were even encountered 

with the receiver probe stationary, whether the transmitter was energized or not. The conclusion 

was that significant and sporadic electrical interference from outside sources such as powerlines, 

telephone cables, radio and radar transmissions was occurring. These fluctuations were so 

dramatic at some transmitter sites that logging could not be completed. The data collected from 

the north end of the survey were used but required extensive editing and should be viewed with 

a lesser degree of confidence. Figure 2 indicates which transmitter stations were logged from 

each monitor well. 

3 
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DATA ANALYSIS 

Editing of Raw Data 

Raw profile data (mv) were plotted on linear and semi-log scales and inspected. Where 

more than one profile was recorded for the same transmitter site, repeatability was verified. 

Obvious noise "spikes" or gaps in the profiles were corrected manually by interpolation, where 

necessary, in order to avoid spurious relative resistivity responses. 

During surveying in the northern part of the area (from MW-60), a different type of 

disturbance was noted. Profiles were offset abruptly + approx. 0.01-0.02 millivolts, at random 

intervals. This problem persisted despite numerous attempts to measure undisturbed profiles. 

In order to avoid loss of coverage in the northern portion, these dislocated segments of the 

profiles were corrected using a scaling factor as seemed appropriate, at sites 2, 3, 7, 9, 10, 11, 

12, 14, 15, and 16. 

Data Processing 

Edited field data (mv) files were sent to Mr. Ron Bell of Earth 'n' Ware, Inc. for 

processing using computer software originally developed by Earth 'n' Ware in cooperation with 

Dr. James Pritchard in the early 1990's. The sequence of steps involved in this software is 

described more particularly in a memorandum by Mr. Bell (Appendix B). Note that several 

steps, involving the calculation of "resistivity" and the "circuit correction" are only described 

in general terms, because they are proprietary. Mr. Bell has considerable experience processing 

VIP data for Waste Microbes, Inc. and others. 

4 



The processed profiles, expressed as "relative resistivity" units, are presented in north-

south fence diagrams and as color coded 2-D and 3-D graphical plots. It should be noted that 

"relative resistivity" is not the same as actual resistivity measured in units of ohm-meters. 

VIP SURVEY RESULTS 

Presentation of Results 

The results of the VIP downhole EM survey are presented in two ways. Firstly, a series 

of north-south "fences" or vertical cross-sections between 228E and 450E are enclosed in 

Appendix C. Each section shows the VIP relative resistivity profiles as calculated by Earth 'n' 

Ware for each transmitter site, with color-coded contours superimposed. Blue and green colors 

denote low relative resistivity response (0-30), while yellow, orange, red, and purple denote 

higher values. More detailed fence diagrams (l" =50') are also enclosed in a back pocket to this 

report. 

Survey results are also presented in Appendix D as a series of color-coded 2-D and 3-D 

diagrams generated by Dynamic Graphics, Inc., using Earth 'n' Ware's processed data base. 

These diagrams include the following types of images: 

1) One profile location, an oblique 3-D image. 

2) Five 2-D horizontal cuts at depths of 6', 10', 15', 17', and 20', as requested, with an 
extended cultural overlay of surface features including piers, tanks, roads, and buildings 
(to aid in visual orientation). 

3) Four 3-D images, looking almost straight down, showing the envelopes of the + 10, 
+20, + 30, and +40 relative resistivity unit contour surfaces. These also carry the 
extended cultural overlay. 

5 



No resistivity decrease at or below the water table is apparent. This is surprising, 

because the groundwater at the site is reportedly brackish (actual salinity not mentioned in the 

Versar site report), and the dissolved phase contamination is described as "low". It is doubtful 

that the deep relative resistivity features are related to weak dissolved phase hydrocarbons since 

free product was not detected at the water table. 

Stratigraphic logs from numerous borings show mostly sands, with minor silt, clay, and 

gravel, and no systematic increase in more resistive units downward. This could be confirmed 

by obtaining actual electrical or induction resistivity logs from the monitor wells directly. 

Higher relative resistivity features at depth may be an artifact of the VIP data processing 

algorithms, which do not compensate for the geometry of the dipolar field which decreases with 

depth in the monitor well. Normalizing the field data with respect to the primary field might 

reduce the deep relative resistivity features, but would probably not develop any shallow 

anomalies correlative with a free product plume. 

It is important to keep in mind that the VIP or "offset induction logging" method of 

downhole EM data analysis is recently developed. The algorithm for calculating relative 

resistivity response is proprietary, and important details are un-disclosed. It has not been 

subjected to peer review through publication. The dimensional units of relative resistivity are 

not specified. It is not clear how secondary fields are separated from the primary transmitted 

field (especially since phase is not measured), or exactly what aspects of the secondary field 

variations produce relative resistivity anomalies. Finally, it is probable that secondary fields 

arising from surface conductors or magnetization also contribute to the computed relative 

resistivity response (near surface or at depth). Therefore, it is probably best not to base 

7 



remediation plans solely on VIP data, without corroborating data from other investigations on 

site. 
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APPENDIX A 

Transmitter Stations 

With 

Grid Coordiantes 



TRANSMfITER STATIONS WITH 
GRID COORDINATF.S 

East North East North 
Station# x y Station# x y 

1 228 700 43 228 350 
2 250 700 44 250 350 
3 300 700 45 300 350 
4 350 700 46 348 350 
5 400 700 47 400 361 
6 450 700 48 452 350 
7 228 650 49 228 300 
8 250 650 50 250 300 
9 300 650 51 300 300 

10 350 650 52 350 300 
11 390 650 53 400 300 
12 450 650 54 450 300 
13 228 594 55 228 250 
14 250 600 56 250 250 
15 296 600 57 283 250 
16 350 600 58 350 250 
17 392 598 59 388 250 
18 444 600 60 450 250 
19 228 550 61 228 200 
20 250 550 62 250 200 
21 303 556 63 306 200 
22 353 550 64 356 200 
23 390 550 65 400 197 
24 446 550 66 450 233 
25 228 500 67 228 150 
26 250 500 68 250 150 
27 300 500 69 300 150 
28 353 500 70 350 150 
29 400 500 71 416 150 
30 446 500 72 450 141 
31 228 450 73 228 106 
32 250 450 74 250 100 
33 300 450 75 300 100 
34 353 450 76 350 100 
35 400 450 77 416 100 
36 450 450 78 450 100 
37 228 400 79 228 50 
38 250 400 80 250 50 
39 293 40'2 81 300 50 
40 353 400 82 350 50 
41 400 400 83 416 50 
42 453 400 84 448 52 



APPENDIX B 

VIP Data Processing 

Procedure 



ARi Earth 'N'Ware Inc I . ' I,\ ' • 

' ' ' P.O. Box 10618, Golden, CO 80401-0618 =={> TEL: (303)237-9891 FAX: (303)237-9892 

MEMORANDUM 

September 19, 1994 

to: Hunter Ware I John Allan 
North American Exploration, Inc. 

from: Ron Bell 

ref: VIP Data Processing I Norfolk Naval Base 

Following are the processing steps applied to the data from Norfolk: 

1) 7 point median filter 
2) resample to .25 ft interval 
3) flipped data 
4) calculate Apparent Resistivity ( Pritchard's Terminology) 

I believe the formula to be: 

RHOA = -1 *log10(1/x2) 

4) Normalize by the average of the entire log. 
5) Take antilog 

basic processing 
6) make circuit correction 
7) apply 3 pt average filter 
8) create data file: RHOI.DAT 



basic processing with filter 
6) apply 5pt average filter. 
7) make circuit correction 
8) apply 3 pt average filter 
9) create data file: RH02.DAT 



APPENDIX C 

North-South Fence 

Diagrams Showing 

Relative Resistivity Profiles 

And 

Color Contours 
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