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SECTION 1.0

" INTRODUCTION

1.1 PROJECT SCOPE AND OBJECTIVES

Atlantic Refining and Marketing Co. (Atlantic) retained Engineering
Enterprises, Inc. (EEI) to conduct a subsurface investigation and pilot
remedial study at their Philadelphia Refinery. The purpose of the
investigation was to determine the source(s) of petroleum hydrocarbon
vapors within the city of Philadelphia's 26th Street sanitary sewer, and to
implement a pilot remedial system. The 26th Street sewer is located

ad jacent to the Refinery's eastern property boundary.

Site work to date has consisted of the following:

- Installation of groundwater monitoring wells along the refinery's
eastern boundary to determine the possible source(s) of petroleum
hydrocarbon vapors in the 26th Street sewer.

. Evaluation of data from the installation and testing of the
monitoring wells to define the extent of petroleum hydrocarbon
contamination.

- Design and implement a pilot remedial system to evaluate the most

effective means for remediationm.

Well installation methods, data acquisition, and pilot remedial system
installation and testing are discussed in Section 2.0 of this report.
Results of the initial investigation and pilot remedial sﬁstem testing are
provided in Sectiom 3.0, while conclusions and recommendations are
presented in Section 4.0. Data regarding the field investigative process

are in Appendices A through C.
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SECTION 2.0

FIELD INVESTIGATION

2.1 MONITORING WELL INSTALLATION

EEI subcontracted Hardin and Huber, Inc. of Crofton, Maryland, for the
drilling and installation of tem 2-inch diameter PVC monitoring wells
(numbered 67-76). Monitoring wells were installed along the refinery's
eastern property line adjacent to 26th street. Drilling, well
installation, and development commenced on July 22 and was completed on
August 3, 1987. The hollow stem auger drilling method was utilized for
borehole advancement. To describe subsurface conditions and to detect the
presence of petroleum hydrocarbon contamination, split spoon samples were

collected. ‘A well locatiom map is presented in Figure 2.1.

Each monitoring well was constructed by the insertion of 2-inch
schedule 40 PVC, threaded flush joint, 20-slot well screen and an
appropriate 1length of 2-inch PVC threaded flush joint casing. The well
screen was positioned approximately two to five feet above the static fluid
level, and a graded sand pack was installed between the borehole wall and
well screen from the total depth of the boring to a height of two to five
feet above the top of the screen. A bentonite pellet seal was placed above
the sand pack, and the remaining borehole was tremie pipe grouted with a
cement/bentonite mix. A flush mount manhole was installed at wells
located in high traffic areas. A monitoring well comstruction schematic is
presented in Figure 2.2. Geologic and well construction logs are in

Appendix A,

Upon completion of monitoring well imstallation, the wells were

developed to remove any sand, silt or residual drilling fluid. Well
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development was accomplished utilizing bailing and surging techniques. A
dedicated 1 1/4 inch diameter bailer was inserted into the well to remove
the fluid. When the fluid was relatively free of particulate matter, a
1 1/2 inch diameter surge tool was utilized to agitate and remove
particulate matter that may have been lodged in the well screen and sand
pack. The surging technique entails the up and down movement of the tool
over the entire length of the well screen. Upon completion of surging, the

well was again bailed to remove particulate matter that entered the well.

2.2 VERTICAL SURVEY AND LIQUID LEVEL ACQUISITION

Following the completion of the monitoring well installation program,
the newly installed monitoring wells and selected existing wells were
located via a vertical survey. The purpose of the vertical survey was to
tie the wells into a common plant datum. Survey data was essential in the

preparation of corrected water table contour maps.

Liquid levels were acquired from the newly installed monitoring wells
and existing wells located in the study area on two separate occasions
(August 4 and September 15, 1987). An oil/water interface probe was
utilized to determine the thickness of petroleum hydrocarbon within the
well and also to determine groundwater levels. This data was coaverted to
an elevation base and utilized for the preparation of petroleum hydrocarbon
thickness and corrected water table contour maps. Monitoring well gauging

data is presented in Appendix B.

2.3 PETROLEUM HYDROCARBON BAIL TESTS

Petroleum hydrocarbon bail tests were conducted on the newly installed
monitoring wells displaying significant accumulations of petroleum

hydrocarbon. Bail tests were performed on wells 71, 74, and 75. Bail
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testing was conducted in an effort to determine the most representative
thickness of petroleum hydrocérbon in the subsurface and the rate of inflow
of petroleum hydrocarbon into the well. The test consisted of measuring
and recording the static thickness. The petroleum hydrocarbon was then
bailed from the well, utilizing a dedicated 1 1/4 inch PVC bottom loading
bailer, until the petroleum hydrocarbon was completely removed or until no
further reduction 1in thickness could be achieved. The quantity of
petroleum hydrocarbon that was bailed and the rate of recovery into the
well was measured and recorded. Bail testing was considered complete when

the petroleum hydrocarbon thickness in the well stabilized.

2.4 PILOT RECOVERY WELL INSTALLATION

Proceeding the monitoring well installation program an& subsequent
data evaluation, two pilot recovery wells (PR-1 and PR-2) were drilled,
installed and developed from July 18 to July 20 , 1987. Hardin and Huber
Inc. of Crofton, Maryland performed recovery well drilling. Pilot recovery

well locations are presented in Figure 2.1.

The mud rotary drilling method was utilized for the advancement of an
8-inch borehole which would allow the insertion of 4-inch well screen and
casing. Schedule 40 PVC, threaded flush joint, 20-slot well screem and an
appropriate 1length of casing was inserted into the borehole. The annular
space between the well screen and borehole was gravel packed with a graded
sand pack. A bentonite seal was installed above the sand pack, and the
remaining borehole was tremie pipe grouted with a cement/bentonite mix to
ground surface. Presented in Figure 2.3 is a schematic of a typical
recovery well. Geologic and well construction logs for the pilot recovery

wells are in Appendix A.
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Development of the recovery wells was accomplished immediately
following installationm, utilizing surge and pump development techniques.
The development procedure employed was basically the same as monitoring
well development, except that the bailing segment was replaced with

pumping.

2.5 PILOT REMEDIAL SYSTEM INSTALLATION AND TESTING

Upon completion of recovery well drilling, a pilot remedial system was
installed at PR-1 and PR-2. The system consisted of a diaphragm pump
equipped with petroleum hydrocarbon resistant wetted parts and an EEI
stainless steel air driven submersible pump. Total fluids (petroleum
hydrocarbon and groundwater) were pumped from the wells to a petroleum
hydrocarbon/water separator storage tank. The tank was equi;ped with a
gravity drain system (water leg) that discharged the pumped groundwater to

an on-site sewer and retained the recovered petroleum hydrocarbon.

The two separate pumping mechanisms were required due to different
fluid levels observed within the recovery wells. Well PR-1, which
displayed a static fluid level of 18.92 feet below top of casing, was
equipped with the diaphragm pump. The diaphragm pump will only operate in
areas were fluid levels are under suction lift conditions as in PR-1. The
stainless steel submersible pump was 1nstalled in PR-2 due to its
relatively deep static fluid level (26.98 feet below top of casing). This
pump is capable of pumping fluid at depths greater than suction lift.
Additionally, to enhance the flow of fluid into the well, the top of the
well casings were sealed in order to create a vacuum. The fluid removed
from the wells was discharged to the separator tank through 1l-inch (ID)
diameter above ground polypropylene pipe. A portable air compressor

supplied air service to the pumps.

8 EE. ENTERPRISES, INC.



Following the completion .of the pilot remedial system installation, a
short-term pump test was conducted with both wells pumping simultaneously
to determine groundwater withdrawal rates, the area of influence created by
the system, and petroleum hydrocarbon broduction rates. Prior to the-start
of the test, static fluid levels were acquired from area monitoring wells.
Féllowing the start of the test, these monitoring wells were gauged daily,
and groundwater, along with petroleum hydrocarbon withdrawal rates, were
recorded. Testing commenced on October 27, 1987, and was completed on
November 2, 1987. Atlantic has continued to operate the system and has

collected data from area monitoring wells 71 and 74 for approximately three

months.

9 EEl ENTERPRISES, INC.



SECTION 3.0

INVESTIGATION AND PILOT REMEDIAL SYSTEM RESULTS

3.1 GROUNDWATER CONDITIONS

Groundwater gauging data from the newly installed monitoring wells and
selected existing wells currently indicate that water table conditions
exists within the study area. Groundwater flow in this area is
predominantly in a south/southeasterly direction. A corrected water table
contour map, prepared from Seﬁtember 15, 1987 water level data, is
presented in Figure 3.1. A 0.76 specific gravity value was wutilized for

water table/petroleum hydrocarbon corrections.

A review of the corrected water table map indicates :that several
factors may be controlling the groundwater flow system and the migration of
petroleum hydrocarbon within the study area. A steep groundwater gradient
exists between wells 74 and 71, located southeast of Tank 83. This
steepening of contour 1lines could be the effect of localized 1lower
permeabilities often seen in alluvial formations. Typically, when contour
lines are positioned in a tight fashiom, an area of lower permeability
exists. The wide positioning of contour lines between wells 75 and 68, for
example, wusually indicates a relatively higher permeability. Another
factor possibly contributing to the wide positioning of contour 1lines is
the result of a man-made change in the subsurface, specifically a breach or
break in the 26th Street sewer line which may act as a groundwater

discharge or recharge point.

In the Belmont Terminal area, a slight groundwater depression exists
between monitoring wells 73 and 70. Wells 36 and 66 displayed 1lower

groundwater levels than other monitoring wells in the area. This lower

10 EEI ENTERPRISES, INC.
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groundwater level may be due to a high permeability channel existing in the
area. Another explanation for this phenomenon could be the effect of man-

made changes described above.

3.2 PETROLEUM HYDROCARBON OCCURRENCE

Monitoring well liquid levels were measured within the study area on
several occasions. A measurable petroleum hydrocarbon thickness was
recorded for wells 71, 74, 75, 76 and pre-existing well AS-5. Petroleum
hydrocarbon thicknesses ranged from 0.05 feet in AS-5 to 2.69 feet in well
71. Measurable thicknesses were also gauged in monitoring wells 36 and 66,
located in the Belmont Terminal area. Well 36 displayed 0.50 feet of
petroleum hydrocarbon and 0.52 feet was detected in well 66 on September
15, 1987. Monitoring well gauging data suggests that the majsr petroleum
hydrocarboa plume, located south east of Tank 83, and the plume that exists

in the Belmont area are not connected.

A petroleum hydrocarbon thickness map was prepared utilizing September
15, 1987, monitoring well data (Figure 3.2). This map indicates the area
of greatest product accumulation is in the vicinity of wells 71, 74, and
75, located east and southeast of Tank 83. During the drilling and soil
sampling of these wells, the split spoon samples indicated the occurrence
of petroleum hydrocarbon. Well 76, which contained 0.96 feet of petroleum
hydrocarbon during the September gauging, also displayed petroleum
hydrocarbon contamination during soil sampling but to a lesser extent.
Strong petroleum hydrocarbon odors were detected in soil samples acquired
from wells 67, 69, 70, and 72. Slight odors were present in soil samples

from well 68 and no petroleum hydrocarbon odors were detected in soil

12 EEl s nc
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samples collected from well 73. A review of drilling logs from existing
wells 36 and 66 indicates that both monitoring wells displayed strong

petroleum hydrocarbon odors during well installation.

3.3 BAIL TEST RESULTS

Petroleum hydrocarbon bail tests were conducted on wells displaying
significant thickness accumulations of petroleum hydrocarbons. Wells 71
and 74 were tested on August 3, and well 75 was tested on August 17, 1987.

Bail test graphs are presented in Appendix C.

A review of the graphs indicated that well 74, located east of Tank
83, displayed a good potential for recovery. This was based on the fact
that petroleum hydrocarbon in well 74, after bailing, would recover to its
static level within approximately 90 minutes. Bail test data from wells 71
and 75 indicated that petroleum hydrocarbon recharge into the wells was
slow and neither of the wells reached its original static level during the
test period. These results 1ndicate a less than favorable area for

recovery.

3.4 PILOT REMEDIAL SYSTEM TEST RESULTS

Following the monitoring well data evaluation, two locations were
selected for the installation of pilot recovery wells (PR-1 and PR-2). The
principal factor governing the selection of these well locations was the
significant accumulation of petroleum hydrocarbon in the vicinity of wells
71, 74, and 75. The two recovery wells weré located within this plume. PR-
1 1s located 100 feet south of monitoring well 74, and PR-2 1is located

approximately 100 feet north of well 75.

Le EEl = =rs=nc



3.4.1 AQUIFER RESPONSE

An aquifer pumping test was conducted at the pilot remedial system for
six days (8730 minutes). PR-1 was pumped at a rate of 7.5 gallons per
minute (gpm) and PR-2 at 0.60 gpm. The varied pumping rates can be
attributed to pumping equipment (i.e. PR-1) and well limitations (i.e. PR-
2). The diaphragm pump installed at PR-1 has a maximum discharge rate of
7.5 to 8.0 gpm when pumping fluid from a depth of 25 feet and discharging
through 1l-inch pipe. The maximum discharge rate at PR-2, 0.60 gpm, can
possibly be attributed to drilling and installation problems encountered
during well construction. A black tar substance was evident from 1 to
approximately 10 feet during borehole advancement. The overlying black tar
substance hindered the placement of the graded sand pack around the well

screen which may have contributed to poor well performance.

Monitoring wells AS-5, 71, 74, 75, and 76 were monitored during the
test. Liquid levels in these wells were measured daily in order to
determine the system's area of influence. Liquid levels were not acquired
from the pumping wells due to the top of the well being sealed. Drawdown
data was plotted to depict the area of influence of the remedial system and

1s presented in Figure 3.3.

Petroleum hydrocarbon production averages were also acquired from the
two recovery wells during testing. PR-1 recovered, on the average, 6.9
barrels per day (bbls/day) at the start of testing and 24.9 bbls/day by the
end of the extended test period. PR-2 produced minimal amounts of
petroleum hydrocarbon on the order of less than 1 bbl/day. The average
production figure was calculated by measuring the amount of petroleum

hydrocarbon that accumulated in a grab sample. That measurement was
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divided by the total amount of fluid sampled to obtain a percent of
petroleum hydrocarbon produced. The percent produced was then multiplied
by the pumping rate and 1440 (minutes in one day) in order to determine

daily productionm.

3.4.2 PETROLEUM HYDROCARBON THICKNESS CHANGES

During the testing, petroleum hydrocarbon thicknesses within area
monitoring wells was recorded. Following the completion of the six day
test, Atlantic continued to operate the system and additiomal liquid 1level
data was collected. A review of the data reveals a general decline in
petroleum hydrocarbon thicknesses in area monitoring wells. Table 3-1
presents petroleum hydrocarbon thickness changes from September to December

of 1987.

The major factors affecting the increase or decrease of apparent
petroleum hydrocarbon thickness within a monitoring well are fluctuations
of the water table or the affects of pumping. Normally, if there is a rise
in water 1levels, (i.e. increased recharge, tidal fluctuations, etc.) a
decrease in petroleum hydrocarbon thickness can be expected. If the water
table 1is lowered, an increase in petroleum hydrocarbon should be evident.
When pumping a water table aquifer contaminated with petroleum hydrocarbon,
a lowering of water 1levels and a decrease in petroleum hydrocarbon
thickness 1s observed. The data acquired during this systems operation

indicates the latter of these scenarios.

The September data was acquired prior to any long term testing and
following bail testing. This data should be representative of static
conditions within the study area. Petroleum hydrocarbon thicknesses

acquired during December reflect the results of system operation.
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WELL NO.

71

74

76

AS-5

TABLE 3-1

PETROLEUM HYDROCARBON THICKNESS CHANGES
IN AREA MONITORING WELLS

2.00

1.50

0.96

119

117

0.03

CHANGE IN FEET

<= 150

¢-) 032

(=) 0.38

(+) 021

=) 0.02
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Monitoring well 71 displayed the largest decrease in petroleum hydrocarbon
thickness (1.50 feet). We11‘71 is located 50 feet south of PR-~1. Wells
AS-5, 74, and 75 declined 0.03, 0.32 and 0.38 feet, respectively. These
decreases in thickness can be attributed primarily to pumping at the pilot
remedial system. An increase in petroleum hydrocarbon thickness of 0.21
feet was observed in monitoring well 76. This increase is possibly due to
the migration of petroleum hydrocarbon to the recovery wells. Corrected
depth to water calculations were made during the evaluation of the systenm
test data. These calculations revealed a decline in groundwater 1levels

between the September and December gauging events.

A review of the data supplied to EEI by Atlantic also indicates
monitoring well fluid level decreases. Fluid level graphs, :prepared by
Atlantic , for wells 71 and 74 are presented in Figure 3.4. Both wells 71
and 74 exhibit petroleum hydrocarbon thickness declines over the long term.
However, an increase in fluid levels was detected in both wells during mid
November. This 1ncrease may be due to precipitation or more likely the

fact that the system was out of operation during this period.
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SECTION 4.0

DISCUSSION

4.1 CONCLUSIONS

EEI has made the following conclusions based upon the results of the
pllot recovery system program.

= The 1largest occurrence of petroleum hydrocarbon in the area of
the 26th Street sewer is located in monitoring wells 71, 74, 75,
and 76.

— Groundwater flow along the refinery's eastern property boundary
is predominantly in a south/southeasterly direction. The
corrected water table map indicates that two specific areas, the
Belmont Terminal and southeast of Tank 83, are effected by
permeability changes within the formation or changes 1in the
subsurface due to manmade activities.

= A review of historical data, supplied by Atlantic,. indicates a
possible breach in the 26th Street sewer adjacent to Tanks 42 and
83.

- The pilot remedial system creates an area of influence
approximately 640 feet north/south and 490 feet east/west when
pumping is sustained for extended periods.

= Low flow rates of groundwater and petroleum hydrocarbon are
evident 1in recovery well PR-2. The high viscosity petroleum
hydrocarbon encountered during drilling hindered the placement of
the gravel pack around the well screen which may have contributed
to low discharge rates apparent at PR-2.

- A decrease in both groundwater levels and petroleum hydrocarbon
thicknesses 1s apparent in area monitoring wells since the
initiation of pilot remedial system pumping.

- Vapor levels, as reported verbally by Atlantic, within the 26th
Street sewer manholes have been reduced. This lowering of levels
may possibly be due to the effects of pumping at the pilot
remedial system. At this time, sufficient data is not available
to reaffirm this conclusion and the lowering of vapor levels may
also be due to seasonal weather changes.

21 EEl=r=r=nc



4.2 RECOMMENDATIONS

Based on a review of data acquired during the initial subsurface

investigation and the results of pilot remedial system operation, the

following recommendations are offered:

- Increase the rate of pumping at pilot remedial well PR-1 to
create a larger area of influence and enhance petroleun
hydrocarbon recovery.

= Redevelop pilot remedial well PR-2 to determine if the well's
discharge rate and efficiency can be enhanced.

- Conduct a long term pump test at the pilot remedial system after
improving system capacity. The purpose of this is to determine
the new area of influence created by the system and to evaluate
if any further recovery wells may be necessary to optimize
petroleum hydrocarbon recovery. i

= Install additional monitoring wells in the Belmont Terminal area

to acquire further hydrogeologic data and to delineate the extent
of petroleum hydrocarbon contamination in this area.

22 EE. ENTERPRISES, INC.
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WELL COMPLETION LOGS
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S IWELL  #67 son BORING SAMPLE DATA ]
'7]
2 | WELL ELEVATION: SURFACE ELEVATION: B g’ s
T | WELL INSTALLED: 7-21-87 - & | ORILLING METHOD: Hollow Stem Auger ;’ “E‘ 5 :E Fw
= | WELL DEVELOPED: 9 @ | BORING DEPTH: 37,0 g |®g| & ERIEE
4| WELL DEPTH: E g. ol w ; w8«
0 -—
i Y| 0.0 - 2.0 FILL: gravel,
T : o | stome
A 4 ~%] 2-0 - 7.0 FILL: dark brown
1 b e .| silt, clay, gravel
i B L
el | L
s+ T i ) o
1k {—Cement/bentonlte -
{ K op & 22| 7.0 - 8.5 SAND AND GRAVEL
5 ‘g-re
- N H |
NI = 8.5 - 13.0 CLAY: gray, silty,
| B == dy, moist
10- § Bentonite seal L sandy, mois
{F “7l 13.0 - 15.0 SILT: clayey,
] =7| traca sand, moist _
15 — fi:—_' 15.0 - 18.0 SAND: variegated, 1
| - | clayey, some gravel
J. Morie #l gravel =
’ pack —'|/18.0 = 23.0 SAND AND GRAVEL:
1 — variegated, trace silt,
. x| strong odors
20- L 5
4 e.
o
i +# 23.0 - 24.0 SAND AND GRAVEL:
| 1o~| variegated, trace silt, strophg
s v | odors
o [ il 24. 0 - 30.0 SAND AND GRAVEL 3
1 [|=F— 2" 20 slot | variegated, with some silt,
4 | PVC screen 2| hydrocarbon present
1 : s |
301 - =1 30.0 - 32.0 SAND AND GRAVEL: A
] .*| variegated, with trace silt,
| s ~| wet, strong odors
.7 ) 32.0 - 36.5 SAND: clean,
] wet
*1 11 5
g TOTAL DEPTH 37.0
40
Drilled By Hardin-Huber '
Logged By Peter J. Dougherty ENGINEERING
Cllent Atlantic ENTERPRISES, INC.
Job No, __522-239-00




2| WELL 468 sor |BORING SAMPLE.0ATA
w
; WELL ELEVATION: 26,14 SURFACE ELEVATION: al © “
; WELL INSTALLED: 7-22-87 > | DRILLING METHOD: Hollow Stem Auger 2 'é' : ;‘:E a‘g
& | weLL peveLoPeD: O | @ | BORING DEPTH: 40,0 g *x @253z
4| WELL DEPTH: S| @ w32 r =10
w3
0 — @
\'-'_a '_".A 0.0 - 1.5 FILL
i N ‘:_“_ 1.5 - 4.5 SILT: brown, sandy
1 W L g
1 : v Cement/bentonite T
L . e
1k F grout — 4.5 - 6.5 SILT: dark gray,
s+ I 1 ~7| some fine sand, moist,
{1 [ I T x| slight odor
I N s ==| 6.5 - 12.0 SILT AND CLAY:
J Kkl T_:: dark gray
[ g ey BN
g—Bentonite seal —=
10 N :—r"‘
3 = 12.0 - 17.0 SAND AND GRAVEL}
IR - %, dark brown
15 - =l 3
: = J. Morie #2 gravel e
o = pack == 17.0 - 20.0 SAND: dark
i = | .| brown, silty, gravel, moist,
= ~-| odor present
200 [ =] 20.0 - 27.0 SAND: dark X
1 1= ""| brown, silty, slightly finer
] . = | gravel, wet, slight odors 9
] = \.. 3
25- = 2" 20 slot PVC
ol = screen i
1 = Bt
1 =] w2 ] 27.0 - 32.0 SAND: variegatef,
i = some gravel, little silt, wek,
{ = 5 strong odors
304 | |2 2y
5 :
I = 2| 32.0 - 36.5 SAND: variegatefl
_ — 5| medium to coarse, some gravell
e
35+ 8 :
- 4 36.5 - 40.0 SAND: gray, medfium
4 to coarse, some silt and clay
1 TOTAL DEPTH 40.0
40
Orlled By Hardin-Huber v
Logged By Peter J. Dougherty ENGINEERING
Cllent Atlantic ENTERPRISES, INC.
Job No.__ 522-239-00
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S I WELL 469 cor BORING SAMPLE DATA
W
2 | WELL ELEVATION:  24.78 SURFACE ELEVATION: al S 1w lu
T | WELL INSTALLED:  7-29-87 - ZO} DRILLING METHOD: Hollow Stem Auper %’ Zl w |[FEi2Y
= | WELL DEVELOPED: O | @ | BORING DEPTH: 37 | *xl @ | 343z
W | WELL DEPTH: 5|2 @) w I 40a
=) = <
0 M= ’
NECEY [Po=1N0.0 - 0.5 BLACK ToP |
i ) TFN0.5 - 1.0 FILL . i
" " ~=4 1.0 - 4.0 SILT: brown and [
e N ~~ | gray, some clay i
4 b B :; 4.0 - 7.0 FILL: cinders, ;-
H ‘a. | sand, silt ]
5 e o . L
N Cement/bentonite ey 1
i | Brout 22! 7.0 - 20.0 SILT: brown, sanfy, 1
N ~~| trace clay [
1 I R o |
J 0 L~ L
L =
"1 HE o T
1 K A Bentonite seal s
h, [ .
154 | =] o~
20- Z|+—J. Morie #2 gravel —— 20.0 - 24.0 SAND: poorly sokted,
= pack ~ | cobbles, silt 1
A g & ,
K E- 24.0 - 34.0 SAND: variegatef, 3
25- = .'| fine to coarse, wet, strong
= 2" 20 slot PVC .| odor
' z screen
w] [ )
- = ~>| 34.0 - 37.0 SILT: gray,
15 A ’:\; sandy, clay, lens of gravel
~—| at 36.0 - 36.25, odors 5
4 TOTAL DEPTH 37.0
1
40
Orilled By _Hardin-Huber :
Logged By Peter J. Dougherty EEI ENGINEERING
Cllent Atlantic : ' ENTERPRISES, INC.

Job No.__522-239-00
Page 1 0Ot |




- WELL #70 Tsfp'é BORING SAMPLE DATA

W

2 | WELL ELEVATION: 133 35 SURFACE ELEVATION: 28 .97 al S |y |uw

; WELL INSTALLED: 7-23-87 B 9 | DRILLING METHOD: Hollow Stem Auger 4 2 w :E :E

= | WELL DEVELOPED: 9 E BORING DEPTH: 37 | § f<l & Eﬂi 2z

. @ a

4| WELL DEPTH: 5|2 w ; ad|a

0 st |
N [==N\0.0 - 0.5 BLACK TOP i

N -2N0.5 - 1.0 SILT: brown, sandy !
T ¥ = - . 0
{1 b [f—Cement/bentonite —= l:O 4.5 CLAY: dark gray, L
N t = -| silty, sandy, strong odor l
1 (K grout == 4.5 - 7.0 FILL: brick and [
4 Ipl R '8 gravel L

5 YR o g |
1 ] [—Bentonite seal "

. \ K ] 7.0 - 9.0 CLAY: black, silty, -

{4 F - Z=| sandy, strong odor ’ L

{ p| |3—Native fill == 9:0 - 12.0 CLAY: black, sandy |
d I = - ;

I - |[
= '— I~ :—— -
A == 12.0 - 15.5 CLAY: gray, san([y, -
- ~=| silt 'and gravel, wet, slight L
i — 7| odor ' L

71 [E] ~=1 15.5 - 20.0 SAND: variegateq, 1 i
) = gravel, dry, slight odor r
g Z|+— J. Morie #2 gravel -
= = pack _ I

204 % ...’ 20.0 - 33.0 SAND: variegatedq, 2 -
{ |z . - "| fine to coarse, gravel with |

= 2" 20 slot PVC ‘72| clay and trace silt ’
7 = screen ¥ 3 -
111 I 4 [
25+ = o -
— -E ."- !-
I I
= il 5 L
111z L;’_ L
J = —1 33.0 - 36.5 SAND: brown, L
| = ‘- | fine to coarse, trace silt i
as4 M ] -
: —=36.5 - 37.0 SILT: light broym, -
J sandy, clayey, micaceous B
4 TOTAL DEPTH 37.0 L

40

Drilled 8y _Hardin-Huber .

Logged By Peter J. Dougherty EE ENGINEERING

Cilent Atlantic ENTERPRISES, INC.

Job No. 522“239"00

Page 1 Ot |



o | WELL 41 ser |BORING SAMPLE DATA
; WELL ELEVATION: 27.64 SURFACE ELEVATION: a g .-
I | WELL INSTALLED: 7-23-87 - 9 | DRILLING METHOD: Hollow Stem Auger 14 ‘é‘ & :E Fw
& | WELL DEVELOPED: 9 2 | BORING DEPTH: 34,0 § *,<_ L 3:
4| WELL DEPTH: 3|2 @ w3 |F0|5
hid »
0
NLd” e
4 I ‘Y
11k g 0.0 - 2.0 FILL
I NI ~| 2.0 - 9.0 SAND: black, silty
e Ry . :
110 Cement/bentonite = zzrjx-xe clay and f£ill material,
5 ‘" ‘I grout - y
ISt r
" Jq
1 [] B—Bentonite seal -
- v 5 A
§ -
1 Pl |f—Native fill — 25| 9-0 = 15.0 GRAVEL: black,
104 |, l] -, | clayey, silty
i ”I;;
1 re
154 L ‘E-'—“\ 15.0 - 20.0 SAND: brown and
i = ~ | gray, fine to medium, trace
= «- silt, saturated, strong odots
] Z[4— J. Morie #2 gravel g
204 = pack — 20.0 - 30.0 SAND: variegated,
] = .v-| gravel, silt, saturated 1
| E b :
111z ‘5| 24,0 FREE PRODUCT 3
25 =z 2" 20 slot PVC .o
| = screen R’
s = ...— 30.0 34.0  SILT: brown, gray) 4
i .~ | sandy, clayey
| \—'—.:' 5
] H= —~!| TOTAL DEPTH 34.0
35
40
Driled By Hardin-Huber .
Logged By Peter J. Dougherty ENGINEERING
Cllent Atlantic ' ENTERPRISES, INC.

Job No. _ 522-239-00
Page 1 Of |




- [WELL #72 sor [BORING SaMeLE DATA
W
2 | WELL ELEVATION: 3447 SURFACE ELEVATION: - g’ ol
T | WELLINSTALLED:  7_27_87 = 9 | ORILLING METHOO: Hollow Stem Auger 2| ¥ o e W
& | WELL DEVELOPED: G | B | BORING DEPTH: 36.0 § *=l 2 |2&| 32
W [ WELL DERTH: 2|z Q| w I [(Xolg
a a = 3 |
0 T
Nk *:.[ 0.0 - 2.0 FILL: sand, silt,
1 P “%| gravel
1 Il 1 —| 2.0 -~ 4.0 CLAY: dark gray, I
4 |l |4 =——| silty, sandy, odors present -
4 0 ﬁ —— 4.0 - 6.0 CLAY: 1light gray,
5 :' 4 z | silty, sandy L
4
1 13 —1 6.0 - 13.0 SILT: dark gray, L
B -“:-’"‘ ] d d )
1 [ |#—Cement/bentonite ~ :i‘igig 03323 and gravel -
4 M [ grout o :
1 M =% i
A L
10+ 1 1 < & 0
I N a -
i 3
T g——Bentonlte seal i i
i 2 ¢ —4 13.0 - 17.5 SAND: black, L
1 & 2| silty, wet, strong odors -
E0 I N ol I
1 MEF ! -
1 i ';’-,-—Native gravel —— 17.5 - 24.0 SAND: variegatef, [
1 = ~-.'| gravel, silt, dense, strong i
1 111=Zr | odor 1
204 V E " 1 1
RE e ‘
4 al =1 2 L
| :T 2" 20 slot PVC ;.’_ 24.0 - 27.0 SILT: dark browll, 3 -
25 .5 screen = sandy, micaceous, highly 4 N
% el - =| saturated
e Y =g s -
REL 57| 27.0 - 30.0 SAND: brown, r
1 1=l .| fine to coarse, gravel with r
J = ’_"_ﬁ_ silt -
a0 [ |3 —— 30.0 - 33.0 SAND: variegated, 5 -
i o =~ | fine to coarse, gravel, some i
."_“ vz silt, wet, strong, odors |
1 [|+f — 33.0 - 35.0 SAND: brown, L
1 Il "] fine to coarse, gravel, trace N
: ~"| silt, wet, odors 6 i
o A X TOTAL DEPTH 36.0
' b
40 !
Oritled By _Hardin-Huber '
Logged By Peter J. Dougherty EE ENGINEERING
Cllent ___Atlantic ' ENTERPRISES, INC.

Job No. _ 522-239-00 '
Page 1 Of | ’




~ WELL #73 son BORING SAMPLE DATA
w
z | WELL ELEVATION: 33,14 SURFACE ELEVATION: al © [w lr
; WELL INSTALLED: 7-27-=87 " g DRILLING METHOD: Hollow Stem Auger @ uz‘ : ;E :E
= | WELL DEVELOPED: 9 | @ | BORING DEPTH: 37 0 § *2| g (3832
4| WELL DEPTH: S| $ 2 w F|Fa -
0 1 . @ o\ ]
N 0.0 - 1.0 BLACK TOP
[ a®| 1.0 - 3.0 FILL ]
4 : . L
1 Lk =] 3.0 - 3.5 SILT: brown, sandy, i
1 ¢t —=13.5 - 5.0 SILT: brown, sandy,
[ ]Y =%:| clayey, wet, no ordor i
51 71 +—Cement/bentonite --]5-0 - 6.0 SILT: brown, sandy, =
1 Kl F| grout : moist, no odor L
1 b ' 6.0 - 10.0 SAND: 1light gray i
4 I silty, micaceous, wet, no odgr i
|l A -
10 § § Bentonite seal —1 10.0 - 12.0 CLAY: gray, B
] - -] moist, no odor
aanh —=] 12.0 - 17.0 SAND AND GRAVEL: i
1 [| H—J. Morie #2 gravel ‘. BESUT, HOESE; B9 SHEE [
| [ pack g i
RS L
15 1 _:— :)‘_ -
11 < = ~* 17.0 - 23.0 SAND: variegatef, i
il = e fine to coarse, trace silt,
I 3 " | moist, no odor i
20+ g - L
1 [ ey : i
IRIE = | 23.0 - 25.0 SILT: brown, 2 i
= ~Z| sandy, micaceous, moist i
57 [|= =-] 25.0 - 26.5 SILT: brown, 3 e
4 = = .| sandy, trace gravel, wet, no I
] = " -] odor 4
| =1 2" 20 slot PV¢ .| 26.5 - 37.0 SAND: variegatef,
e screen .| fine to coarse, gravel and i
| = 77| trace silt, wet, no odor -
30+ o " -~ =
1 I o 4 3
354 :- I L
7 —| TOTAL DEPTH 37.0 5 |
40
Orilled By _Hardin-Huber g
Logged By Peter J. Dougherty ENGINEERING
Cllent Atlantic E ENTERPRISES, INC.
Job No.__ 522-239-00

Page 1 Of |



= WELL 474 S BORING SAMPLE DATA
E
z | WELL ELEVATION: 26.40 . | SURFACE ELEVATION: al © "
Z | WELL INSTALLED: 7-28-87 . 2 | DRILLING METHOD: Hollow Stem Adger 4 g : ;E aw
S | WELL DEVELOPED: 9 2 | BORING DEPTH: 37,0 § *E 1 53_-
W | WELL DEPTH: 3 ;. @ w '3‘ #aS|a
o -
‘E/ M 0.0 - 0.5 BLACK TOP
] : %% 0.5 - 2.0 FILL: silt, sand
1 " To7| gravel
1 . _":'-N»-' 2.0 - 4.0 SILT: dark brown,
- . —= sandy, clayey, no odor
5 4 W '“._ 4.0 - 5.5 SAND: black, silty
i inl—Cement/bentonite :m no odor
| grout i:15.5 - 8.0 SAND: gray, fine,
1 b ~ | silty, fuel oil odor present
1 ——=| 8.0 - 12.0 SILT: brown and
- 7=| gray, clayey, some sand, no
10+ Bentonite seal ”« odor
1 B % <] 12.0 - 13.5 SAND: green, fige
: 27+ | micaceous, no odor
| —1 13.5 - 20.5 CLAY: brown,
i —Z| silty, no odor
15+ =] ==
20+ . Morie #2 gravel ==/ 20.5 - 22.0 SAND: gray, fing
- =l Faele z:i | to coarse, gravel with trace !
] = -1 silt, saturated by hydro-
| = ;'_'\carbons 2
= :~122,0 - 24.0 SAND: variegatefl, 3
T = e gravel, fine to coarse, silt}
25+ = ¢.:l\free product
1 FI= T} 24.0 - 25.5 SILT, SAND, AND
i = -.~[\GRAVEL: stratified, variegafted,
1 = -|\free product
| E 2" 20 slot PVC ~’] 25.5 - 30.0 SAND: variegated,
= screen w | f£ine to coarse, silty, free
30+ =| - \product 4
- = ~=130.0- 33.5 SAND: gray, fine
] z ©7-| to coarse, gravel
1tz - 1/33.5 - 36.5SILT: brown,
| = “v~| clayey, some sand
31 (] L 5
- _ﬁ"ﬁl 36.5 - 37.0 SAND: gray,
; =" silty, strong odors
| TOTAL DEPTH 37.0
40
Onrlled By _Hardin-Huber :
Logged By Peter J. Dougherty EE ENGINEERING
Cilent gtlantic ENTERPRISES, INC.
Job No., __522-239-00

1 Paace 1 Of
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; WELL #75 ?YOPIE BORING SAMPLE DATA
e o |
= | WELL ELEVATION: 2899 SURFACE ELEVATION: al € lu lu |
T | WELL INSTALLED: 7_29_-87 " 2 | ORILLING METHOD: Hollow Stem Auper g “E‘ w [FE|ayw
& | WELL DEVELOPED: Q @ | BORING DEPTH: 37.0 g |®g| 2 53 E
@ | WELL DEPTH: S| & @ w 2 a9 e
a s x ‘
| e |
: Nt 2.°10.0 - 1.0 FILL: gravel
11 (& - 1.0 - 4.0 FILL: silt, sand, i
1 ': 4 ©*l glass -
4 Kl K Py .
1 o el 4.0 = 9.0 SILT: black, sanfly, -
s+ I f--—-Cement/bentonite s oily -
1 [ grout 2 !
D & [
1 BB e
1 - L
1 M P — -
10 ; ; =] 9.0 - 16.0 SILT: black, -
1 B ;——-Bentonite seal - -| sandy, trace clay, oily L
1 M F C= I
| 4—J. Morie gravel ’__‘: L
ack o=
15 B P == B
i |z —= 16.0 - 22.0 SAND AND GRAVEL: s
| = i« | variegated, trace silt, dry,
] =} .5 | no odor
20- = . s i -
- = = o _“ -
{1 [l=z 2" 20 slot PVC —— 22.0 - 25.5 SAND: variegatedl, 2 -
i £ screen ® 2| silty, fine tocoarse, sand, L
) f__ %, | 8ravel, cobbles 3 i
25 E Z";—_: 25.5 - 26.0 SAND: gray, fing A =
4 = —=| to coarse, silty, strong odofs L
] = ©>]26.0 - 30.0 SAND AND SILT: g
= =_| fine to coarse,sand, cobbles,
1 = T~| fairly dry, odors present-
30+ g ~ [ 30.0 - 34.0 SAND: variegated, : B
. = fine to coarse, trace -
] = silt, slight odor 5
1 ||z —{34.0 - 37.0 SAND: brown and i
= "_': gray, fine, silty, slightly 6 i
359 7. |clayey, wet, odor present
] _-| TOTAL DEPTH 37.0 I
40
Orilled By _Hardin-Huber .
Logged By Peter J. Dougherty EE ENGINEERING
Cllent Atlantic ENTERPRISES, INC.
Job No, __522-239-00

Page 1Ot |
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S| WELL #76 sor | BORING SAMPLE DATA !

W

2 | WELL ELEVATION: SURFACE ELEVATION: al S lu_lu

T | WELL INSTALLED: 7_729.87 " 2 | DRILLING METHOD: Hollow Stem Auger 4 2 w | Feaw

~ | WELL DEVELOPED: Q § BORING DEPTH: 34 § *= & a2

@
4| WELL DEPTH: 5|2 = ; nS|w
o -
NV TeN0-0 - 0.5 BLACK TOP
A | “| 0.5 - 3.0 FILL: black, silty

1 11 .: -*.| sand, gravel i

1 4 (4 = 3.0 - 12.0 SAND: gray, fine i

1 10 L ™ | to coarse, silty, gravel, -

5 I g'lr--Cement/bentonite o~ clay, odors present o

1 | |t grout N |
[ F
NERU 7
A 4 B
T E g—-—Bentonite seal ~ i
1 N e B

04 N § T L
7 4—J. Morie #2 gravel -~ -
4 =t pack : 7| 12.0 - 14.0 SAND: brown, -
;i = - » trace clay, moist, no i
i = >~ | odor _ i

T ff; 14.0 - 16.0 SILT: brown, '

59 = ;f: sandy, trace clay, moist, no B
7 é ——| odor B
e =} — | 16.0 - 21.0 CLAY: gray, fine -
4 = — | silty sand, no odor

204 |2 = B
i = —1 21.0 - 31.0 SAND: gray, fi 1 .
| = ' to coarse, clayey, gravel, i

= 2" slot 20 pyC - . "_-" dry, odors present 2 i

i = screen =1 3 r

25- z 3 -

0 ||z L% -
= - | 31.0 - 34.0 CLAY: gray and 4

iy = *=| brown, sandy, trace silt i

iin = s| |

i =~ TOTAL DEPTH 34.0 i

35 L
- -

40

Drilled By Hardin-Huber :

Logged By Peter J. Dougherty E ENGINEERING g

Cllent Atlantic 2 ENTERPRISES, INC.

Job No.__522-239-00
Page 1 Of |




E WELL PR-1 %%té BORING SAMPLE DATA
;' WELL ELEVATION: SURFACE ELEVATION: ol © =
= | WELL INSTALLED: 8/18/87 o | 3 | DRILLING METHOD: Mud Rotary 2| 8%z 3w
£ | weLL oeveLopeD: 8/19/87 G | @ | BORING DEPTH: 43.5 g *2 2 |38(3F
W | WELL DEPTH: 34.5 3 ; | Wz #o|a
0 <t L @
NEAWY “‘-' 0.0 - 6.5 FILL: silt, sand,
T b 4 4| 8ravel, brick
~ ’ It
1KY k-
I :
| (Y
54 1, P
{ || [§— Cement/bentonite w | 6.5 - 19.0 SAND: fine, sildy
1 | P sgrout e
Ll [l KR
{1 tl k =
N » e b
] o t I A
104 K B =
| B g—Bentonite seal =
4
1 M K
4 I ;-—Native fill h
oo
AINE ks
154 L1 i
1 [| [+—J. Morie #2 gravel o
41 || pack o
1 13l = 1 19.0 - 23.0 SAND: silty,
20 N .| some gravel
z| 5
z 6
SH— 6" 20 slot PVC v 9 23.0 - 32.5 SAND: slightly
| = screen ,._"‘ silty, some gravel
2s{ [|= o
1 Iz o
: %
304 a1 T,
1 = " ~ 1 32.5 - 36.5 SILT: sandy,
6" PVC sump =< clayey
35 +—Bentonite seal :_M‘E
1 MY _Z| 36.5 - 43.5 SAND: silty,
1 ol [ | some gravel
1 Iz Native fill ‘a
= :.l-l JA-:
40L_I7 V=
Drilled By _Hardin-Huber .
Logged By Peter J. Dougherty ENGINEERING
Cllent __ Atlantic E ENTERPRISES, INC.
Job No, __ 522-239-00
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SAMPLE DATA
soiL G Cont.
SIWELL - Cont. son BORIN =
< »n 3 Z |y |w
: ‘ Zlw |JEFu
! 3 AEHIFIEHES
" | Q ] = bl ZZ
z a2 m w| & go b
: 8|2 z| <
a 2|3 3
W >
[=]
40+—r1o7T =
ke '- ——
- o . A
HE 3
. 4 . a
I ldle “="| TOTAL DEPTH 43.5
45—
50+ [=
1
554
60+ B
654 —
70+ B
75 B
80

Page 2 Of 2

EE ENTERPRIS"\EKS;, INC.




Page 1 0t 2

- WELL PR-2 ff;lé BOR|NG SAMPLE DATA

W

| WELL ELEVATION: SURFACE ELEVATION: al © .-

; WELL INSTALLED: 8/19/87 9 | ORILLING METHOD: Mud Rotary ;’ ‘é‘ : :E E“&"

= | WELL DeveLopep: 8/20/87 3| S | sorING DEPTH: 44.0 ] *E LS
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APPENDIX B

MONITORING WELL GAUGING DATA
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Atlantic Refining & Marketing Co.
data for

Well ID

36
57
* 58
66
67
68
69
70
71
72
73
74
75
76
AD1
AD2
AS 1
AS 2
AS 3
AS 4
AS 5

DTO

24.
23.
26.

24

23.
23.
23.
22.

27

25,
19.
26.
20.
26.
25.
26.
26.
25.
26.
23.

ND

75
98
33
.45
65
65
55
83
.05
46
21
63
69
18
78
92
23
10
87
30

8/ 4/87

DTW

24.
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24,
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23.
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26.
27.
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21.
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20.
26.
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26.
26.
25.
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23.
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75
98
73
45
65
65
55
25
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46
15
65
69
18
.82
92
25
10
87
32

0il Thk Cor Piezo
Elevation
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.86
.32
.36
.53
.49
.13
.30
.99
.42
.68
.72
.36
.68
.67
.23
.97
.16
.84
.34
.22
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Atlantic Refining & Marketing Co.
data for 9/15/87

Well ID DTO DTW 0il Thk Cor Piezo
Elevation
36 27.50 28.00 0.50 6.21
57 25.05 25.05 0.00 1.56
58 24.05 24,05 0.00 9.25
66 26.75 27 .27 0.52 6.08
67 24.75 24,75 0.00 1.23
68 23.87 23.87 0.00 2.27
69 23.87 23.87 0.00 0.91
70 23.56 23.56 0.00 7.29
71 23.18 25.87 2.69 3.81
72 27.18 27.18 0.00 7.29
73 25.83 25.83 0.00 7.31
74 19.50 21.50 2.00 6.42
75 26.62 28.12 1.50 2.01
76 20.79 21.75 0.96 6.35
AD1 26.75 26.75 0.00 2.10
AD2 26.13 26.13 0.00 2.89
AS 1 27.50 27.50 0.00 1.39
AS 2 26.41 26.41 0.00 -0.02
AS 3 ND ND ND ND
AS 4 27.08 27 .08 0.00 -0.36
AS 5 23.41 23.46 0.05 7.10
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APPENDIX C

PETROLEUM HYDROCARBON BAIL TEST GRAPHS
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