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CKMHILL
TECHNICAL MEMORANDUM NO. 1

TO: Fred Bartman/U.S. EPA
Remedial Project Manager

FROM: Randy Videkovich/CH2M HILL
Project Manager

PREPARED BY: Don Johnson

DATE: May 26, 1987

RE: Seismic Refraction Survey

PROJECT: Arrowhead Refinery
Fieldwork Design Investigation
W68800.FP

INTRODUCTION

A seismic refraction survey was performed at the Arrowhead Refinery site from
May 3 to 6, 1987. Twelve spreads were surveyed along the five traverses shown in
Figure TM1-1. The survey was performed by Don Johnson and Jewelle Imada of
CH2M HILL, assisted by Jerry McLane of PRC.

The survey was performed to determine depth to bedrock at various locations around
the site. The information was required to establish if there are any bedrock
topographic features that may influence the movement of groundwater from the site.
Bedrock valleys may provide preferential pathways for the movement of groundwater
from the site. Bedrock ridges may block or divert groundwater movement. The
seismic data supplemented existing bedrock depth information.

SUMMARY OF RESULTS

Bedrock depths were estimated to range from 25 to 60 feet below ground surface, the
greatest depths being in the process area and at the southern end of the wastewater
ditch. A contour map of the bedrock surface was made using the limited survey data.

The nature of the interpreted bedrock is unknown. It may be extremely hard packed
material, a boulder zone above the bedrock surface, or the base of weathered
bedrock. In any case, the data indicate changes in depth of the bedrock surface.

High background noise from the highway and air traffic was occasionally a problem.
However, waiting for breaks in the traffic and the use of electronic filters on the data
minimized the problem. The shotgun shell seismic sources were adequate most of the
time, but were sometimes inadequate for the off-end shots on the 300-foot spreads.
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Spread 4 was unusable because of unrccogniz-able bedrock arrivals, and Spread 3 was
unusable because of unreconcilable differences with the detail spread run in the same
area.

PROCEDURES

The seismic refraction method consists of measuring the time required for acoustic
compressional waves to travel between an impulse source on or near the surface and
a number of receivers at known distances from the source. The energy sources used
for this survey were shotgun shells. The arrival time of interest is the time of the first
arriving wave at each sensor. The raw data consist of travel times and distances
which are processed to determine the subsurface layer thicknesses and velocities.

THEORY OF OPERATION

In general, the first arriving wave can be attributed to either a direct wave or a
critically refracted wave (Figure TM1-2). The direct wave travels through the near-
surface layer along the shortest path between the source and receiver; the critically
refracted wave travels along layer boundaries where the lower layer has an
appreciably higher wave velocity than the upper layer. The type of wave that arrives
first is determined by the subsurface wave velocity distribution and the source-receiver
spacing.

For subsurface materials that can be represented by a sequence of horizontal layers
whose wave velocity increases appreciably with depth, the first arrival for small
source-receiver spacings will be a direct wave through the uppermost layer. As the
source-receiver spacing is increased, the first arrival will become a critically refracted
wave from the boundary of the first and second layers, with an observed apparent
wave velocity equal to the wave velocity of the second layer. For greater spacings,
the first arrival will be a critically refracted wave from deeper layer boundaries and
the observed apparent velocity wfll be that of the deeper, high-velocity layers.

Each spread surveyed at the Arrowhead Refinery site consisted of 12 geophones set
in a straight line. Initially, a 30-foot spacing was used to separate the geophones, but
after the first day, the two geophones at each end of the spread were separated by
15 feet with all others separated by 30 feet. This modifica-tion allowed for better
estimation of near-surface velocities. Additional spreads were run using a 10-foot
geophone separation. These spreads provided detailed information where the dairy
review of data indicated additional information was needed to resolve questionable
data.

The seismic source used at the site was a 12-gauge black powder blank. Each shell
was inserted into a plastic sleeve and detonated in a shothole about 2 feet beneath
ground surface using a Betsie downhole seismic tool. A steel pry bar was used to
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make the shotholes. The blanks were detonated by striking the end of the Betsie
downhole tool with a hammer. An impact switch taped to the hammer triggered the
seismograph simultaneously with the detonation of the charge.

The shots were performed at each end of each spread, one-half to one spread length
beyond each end of each spread (this varied depending on access), and in the middle
of each spread. The partially redundant data provided by the multiple shots were
required to help pick the first arrival times in noisy data. Additionally, the off-end
shots allowed the interpreter to pick more accurate zero-time intercepts (see
Figure TM1-2), which were needed to interpret the data.

The data from each shot were displayed on the seismograph's CRT screen. The
operator could then determine if the record was adequate to pick the arrival times.
When necessary, data from additional shots in the same shothole were added to the
existing data stored in the seismograph's memory. This procedure is called stacking,
and results in the enhancement of the coherent signal and the partial reduction of the
random noise. Once the data on the screen were considered acceptable, a permanent
paper copy was made (Figure TM1-3).

INTERPRETATION

Once the data were plotted as time-distance plots (Attachment A), the data were
used to estimate layer thicknesses and velocities. Two levels of interpretation were
performed.

The simpler, less time consuming method, was performed in the field using
procedures described by B. B. Redpath in Technical Report E-73-4, Seismic
Refraction Exploration for Engineering Site Investigations." It was used to estimate •
bedrock depths only at the end of each spread and at the center shot point. The
following steps were performed:

o First arrival times were picked and plotted on time-distance plots.

o Layer velocities were estimated by plotting differences in arrival times (Figure TM1-4).

o Layer thicknesses were estimated using either two- or three-layer
interpretation equations (Figure TM1-5), assuming horizontal layers.
The three-layer interpretation was performed by a com-puter program
published by the Bison Corporation.

This method provided quick results on a daily basis and was used to determine if the
results were consistent with known subsurface conditions. The estimated velocities
also provided a basis for evaluating the velocities calculated in the second method of
interpretation.
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The second method of interpretation was performed using a computer method
developed for the U.S. Bureau of Mines and published in the USBM Report of
Investigations 7595. The program automatically performs weathering and elevation
corrections, calculates the depth to a retracting interface, and calculates the time
required for an acoustic wave to travel from the shot point to the receiver from the
calculated interface. This travel time is then compared to the observed travel time
and the interface is adjusted up or down until the calcu-lated travel time best agrees
with the observed travel time. As with any computer program, a good deal of
discretion must be exercised by the geo-physicist to ensure that the velocities and
depths to interfaces make physical and geological sense.

The subsurface model is first approximated using the delay-time method and the
model is further refined using the raypath-tracing analysis. The raypath is the actual
path of wavefront propagation detected at each geophone. The program uses the
raypath technique to test the assumed model, modify the portions of the model that
have unacceptable error, and retest the model. The iterative process continues until
errors are minimize^.

The results of the computer interpretation are studied and if problem areas exist in
the interpretation, then the interpreter modifies the input data. The assign-ment of
each arrival time to a particular layer often needs to be changed, especially near the
breaks in the time-distance curves. Often the first arrival times are adjusted, as the
picked times are uncertain in noisy data. When an insufficient number of arrival
times are assigned to a particular layer, then the interpreter must declare a velocity
for that layer. Several computer runs are required to obtain a reasonable
interpretation. This method determines the depths to each layer beneath each
geophone and shot point In this report, only the depths beneath the end and middle
shot points were used. The depths calculated at other locations were considered less
reliable.

RESULTS

SUMMARY

Three layers were identified from the seismic data based on velocity interpretations.
The first layer is the upper layer. The calculated velocities for this layer ranged from
600 to 1,800 feet per second (ft/s). This is typical of unsaturated soils and
corresponds to unsaturated fift and undisturbed soil at the site. The second layer is
characterized by velocities ranging from 5,000 to 7,500 ft/s, which is typical of
saturated, compacted soils. This corresponds to the saturated sediment deposits
identified in the boring logs. The seismic data cannot be used to distinguish between
soil types. The third layer has estimated velocities between 10,000 and 30,000 ft/s and
corresponds to bedrock.
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The interpreted bedrock surface is shown in Figure TM1-6. It indicates a bedrock
valley with a northwest-southeast axis. The greatest depths to bedrock were found in
the process area and near southern end of the wastewater ditch, where bedrock
depths greater than 50 feet were estimated.

SEISMIC LINE 1

Seismic Line 1 was run along the south side of U.S. 53. The line consists of
spreads 1, 2, 3, and 11. Spread 1 was run using a 10-foot geophone spacing to
provide information about the shallow layers and also to make familiarization with the
equipment easier. Spreads 2 and 3 were run with 30-foot geophone spacings.
Spread 11 was run to provide detailed data after the preliminary interpretation
estimated depths to bedrock inconsistent (too shallow) with information from
boring MW-10. All data collected along Line 1 were noisy because of the traffic
along U.S. 53. To the extent possible, shots were set off only during gaps in traffic.
Line 1 was also collected on a Sunday, in hopes that traffic would be at a minimum.

The data from Spread 11 was inconsistent with that from Spread 3 and therefore,
Spread 3 was considered unusable. Arrival times for Spread 3 were less than those
determined for Spread 11 even though shot points were farther away. This is aghysical impossibility, and may be due to an improper seismograph setting,
pread 11 was selected as being correct because the first arrivals were easier to pick,

the interpreted depths are more consistent with the minimum depth to bedrock at
MW-10.

The interpreted results of Line 1 are shown in Figure TM1-7. Bedrock averages
between 25 and 35 feet below the ground surface. There is no interpreted depth
beneath the eastern end of Spread 11 because of no observed bedrock refractions
from that end of the spread. The bedrock velocity at Spread 11 is based on few
points and the computer estimated velocity is probably not reliable. Setting it to a
velocity consistent with Spreads 1 and 2 does not significantly affect the interpreted
depth.
LINE 2

Line 2 consists of a single spread (Spread 10) run along the north side of U.S. 53.

The interpreted bedrock surface is 35 feet beneath the western end of the line and
increases to a depth of up to 55 feet beneath the eastern end (see Figure TM1-7).
These depths were calculated using a second layer velocity of 7,200 ft/s. If a lower
velocity is used, such as 5,500 ft/s to be more consistent with Line 1, the depth
beneath the western end would remain the same and the depth at the eastern end
would become about 45 feet
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The geophones and shots were in the edge of the ditch water and higher upper layer
velocities were expected. The velocity of sound in water, which would be the
minimum expected velocity, is approximately 4,500 ft/s. Observed velocities lower
than this cannot be readily explained, but the effect on the interpretation is not more
than a couple of feet.

LINE 3

Line 3 is a single spread (Spread 7) that was run east-west. The east end of the line
is at MW-2, which penetrated bedrock at a depth of 41 feet The shot off the east
end could not be performed 200 feet off the end as planned, because of the sludge
lagoon. It was shot 85 feet off the end instead. The data from that shot, however,
could not be used because the first arrival times were inconsistently early, when
compared to the other data. The second layer velocity was set at 6,500 ft/s, because
the computer calculated ones were unrealistically high (nearly 10,000 ft/s).

Data from Line 3 was very noisy and hard to use and a higher uncertainty may be
associated with this line than with the others. Although it appeared that the
geophones and the shots were all in saturated soils (peat bog), there is an apparent
upper layer velocity less than that of water. The reason for this is unknown, but the
interpreted bedrock depth is not affected by more than a couple of feet. Bedrock is
estimated to be 30 to 35 feet below the western end and about 45 feet below the
eastern end (Figure TM1-8). (Bedrock was encountered at a 41-foot depth at MW-2,
at the eastern end.) The interpreted depth of bedrock at the center of the spread is
30 feet.

LINE 4

Line 4 consists of Spreads 8 and 9 and was run nearly north-south along the track
between the wastewater ditch and the sludge lagoon. The southern end of Spread 9
ended up in the process area, where hard ground conditions required moving the end
shot to between the second and third geophone.

A reading above background from a photo-ionization detector was noted in the
shothole at the south end of Spread 9, in the process area. Clean water was added to
the hole before shooting to minimize risk of fire and to drive any from the hole. No
incident occurred when the shot was detonated.

The estimated bedrock depths range from about 25 feet at the north end of Spread 8
to between 45 and 60 feet at the south end of Spread 9 (Figure TM1-8). These
depths are consistent with boring information. The north end of Spread 9 is at
MW-12 which was advanced only 15 feet and did not hit bedrock. MW-5 at the
southern end of Spread 9 was advanced 50 feet and did not encounter bedrock.
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The bedrock surface shown in Figure TM1-8 is the surface generated by the seismic
interpretation program. It is based on relatively few data points, and for that reason
is probably more irregular than in reality. The surface was smoothed for contouring
purposes.

The shot located 200 feet off the south end of Spread 8 was not usable because of
high noise and weak signals. The velocity for layer 2 beneath Spread 8 was manually
set to 6,500 ft/s because insufficient data points were available for the computer to
determine the velocity. Layer 2 velocity beneath Spread 9 was calculated to be
6,200 ft/s, but was manually set to 6,500 ft/s to be consistent with Spread 8.

LINES

Spreads 4, 5, and 6 were run north-south to make up Line 5. Spread 12, using
10-foot geophone spacings, was later run at the south end of Spread 4 to provide
additional information where the original data were confusing.

Bedrock arrivals were not identified in either Spread 4 or Spread 12. The records
were dominated by arrivals from the second layer (5,000 ft/s). Based on Spread 12
data, which is of higher quality than Spread 4 data, bedrock is at least 40 feet deep at
the south end of Line 5 (Figure TM1-9). This estimate is based on the assumption
that the spread was too short to see bedrock arrivals. If there were bedrock arrivals
that were not identified in the data, then the estimated bedrock depth would be less.

Bedrock depths beneath Spreads 5 and 6 are estimated to be between 30 and 35 feet
below the surface. The calculated bedrock depth at the southern end of Spread 6 is
inconsistent with the results from Spread 5 and the remainder of Spread 6 and was
not used. Bedrock velocities are somewhat higher beneath Line 5 than elsewhere in
the survey area. At Line 5, the estimated velocities are greater than 20,000 ft/s.
Elsewhere they were between 15,000 and 17,000 ft/s. The higher velocities may
indicate less weathering or fracturing, or a different rock type.

GLT932/008.51
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TM 1-SEISMIC REFRACTION SURVEY
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TIME-DISTANCE PLOTS
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Existing Well Evaluation and In Situ
Hydraulic Conductivity Testing

Arrowhead Refinery
Fieldwork Design Investigation
W68802.FI

INTRODUCTION

This memorandum summarizes the field activities at the Arrowhead Refinery site
from August 16 to 23, 1987; and presents supporting hydraulic conductivity
calculations. The objective of this field activity was to evaluate the existing wells to
determine their suitability for use in subsequent investigations.

Actual fieldwork consisted of:

o Collection of water levels from 29 of the 30 existing wells,

o Redevelopment of appropriate existing wells.

o In situ hydraulic conductivity measurements (slug tests) on appropriate
wells.

o Construction of two weirs in the EPA ditch for surface water flow
measurements.

o Installation of four staff gauges at various points in the EPA ditch for
surface water level measurements.

o Measuring well depths of 29 of the 30 existing wells.
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WATER LEVEL MEASUREMENT

Roger Huddleston and Jewelle Imada of CH2M HILL mobilized equipment to
Duluth, Minnesota, on Sunday, August 16. On August 17, they toured the site and
measured water levels in 29 monitoring wells and 1 MPCA piezometer
(Figure TM2-1). Water levels were measured to obtain a general picture of regional
depth to groundwater. Groundwater elevations were not calculated because some
wells appeared to have shifted due to frost heave.

All wells (new and existing) were surveyed on November 22 to 24 following the
installation of the additional wells (see Technical Memorandum No. 4). Using the
new surveyed elevations, groundwater elevations were plotted and contoured.

WELL REDEVELOPMENT

Initial site investigations indicated that several onsite wells recovered very slowly when
they were purged. (Several wells had to be purged at least 1 day before sampling to
obtain an adequate volume of water in the well for sampling.) A possible cause for
the slow well recovery was that silt had accumulated in the well screens since they
were developed. Well redevelopment was proposed to establish a more
representative hydraulic connection between the wells and the aquifers that could
result in better producing wells.

A review of existing well logs determined that several wells were screened in either a
fine silty lacustrine zone or a glacial till zone. It was suspected that wells screened in
those zones would recover slowly, and redevelopment would not greatly improve well
capacity or hydraulic connection with the aquifer. Two wells, one screened in the till
layer (Well 5c), the other screened in the lacustrine zone (Well 8a), were thought to
be representative of the respective units and were chosen as test wells for
redevelopment

An in situ hydraulic conductivity (slug) test was performed in each test well prior to
development Each well was then redeveloped, and a second slug test was
performed. The results of each test were calculated and the hydraulic conductivity
before development was compared to the hydraulic conductivity after development.
The hydraulic conductivity in well 8a before development was calculated to be
3.9 x 10'3 cm/s, while after redevelopment it was 3.4 x Iff5 cm/s, (see Attachment A
for supporting plots and calculations). The hydraulic conductivity in Well 5c before
development was calculated to 3.4 x 1<T* cm/s, while after redevelopment it was
3.3 x 10"4 cm/s. Because the hydraulic conductivities changed so little following
redevelopment, it was determined that redevelopment of wells screened in lacustrine
or till units would not significantly affect the wells* capacities or performance and
would not be cost-effective. As a result, only wells screened in the peat or coarser
granular units were redeveloped and slug tested.
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METHODS

Wells were redeveloped using a Brainard-Kilman hand pump or a PVC bailer. At
least 10 well volumes was removed from each well. The development apparatus was
decontaminated with a trisodium phosphate wash, a water rinse, and a distilled water
rinse between each well.

RESULTS

Twelve wells besides the two test wells were chosen for redevelopment Wells B2 and
B5, installed during the initial FIT investigation, have 1-1/2-inch I.D. PVC risers. The
development equipment could not be used on these wells because of the small well
diameter. As a result, only 10 wells in addition to the two test wells were
redeveloped: Wells MW-la, MW-2a, MW-3a, MW-7a, MW-7b, MW-9a, MW-lOa,
MW-12a, MW-14a, and MW-15b. Although geologic interpretation of boring log
MW-7a indicates that the well is screened in the lacustrine zone, the formation at
Well MW-7a is reportedly coarser than the other lacustrine deposits. Therefore, it
was decided that redevelopment of Well MW-7a would probably be beneficial.

The water removed during redevelopment was generally a milky brown color and did
not seem to become less turbid after 10 well volumes were removed. Because the
wells had already been developed and the water did not appear to clear up, well
development was considered complete after 10 well volumes were removed.
Additional development (until the water was completely free of sediment) would have
required significant additional time and equipment, neither of which was available.

Most wells were redeveloped within 1 day. Well MW-lSb, however, recovered much
more slowly than would be expected from review of the soil boring log, and only two
to three well volumes were removed each day.

HYDRAULIC CONDUCTIVITY MEASUREMENTS

METHODS

In situ hydraulic conductivity tests were conducted using a 5-foot-long, 1-inch-diameter
solid PVC slug to displace a column of water. Two tests were performed on each
well First the static water level was measured and the slug was dropped into the
well. The level of the falling water column was measured to the nearest 0.01 foot at
specific time intervals with an electronic water level indicator. Then the slug was
removed and the level of the rising water column was measured. After testing, the
slug was decontaminated with a trisodium phosphate wash, water rinse, and distilled
water rinse between each well. The water level indicator was decontaminated with
distilled water between each well
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A slug test was not performed on Well MW-15b because of its slow recovery, so a
baildown test was performed instead. The well was bailed dry, and water levels were
measured during the day as the well recovered.

Two rising head slug tests were performed on Well B2. Well B2 is so shallow that
the displaced water column did not rise above the top of the slug, and falling head
water levels could not be measured.

RESULTS
Results of the in situ hydraulic conductivity tests are summarized in Table TM2-1.
Supporting calculations are included in Attachment A. Hydraulic conductivities for
wells screened in the peat ranged from 7.5 x 10'5 to 8.8 x 10'3 cm/s, with a logarithmic
average hydraulic conductivity of 5.2 x 10"* cm/s. Hydraulic conductivities for wells
screened in the granular zones were slightly lower, ranging from 9.8 x 10"6 to
3.4 x 10*4 cm/s (excluding Well MW-15b). The logarithmic average hydraulic
conductivity for wells screened in the granular zones is 1.1 x 10*4 cm/s. Well MW-15b,
also screened in the granular zone, had a hydraulic conductivity of approximately
3.5 x 10** cm/s, the lowest of any well tested.

WELL DEPTH MEASUREMENTS

The depths of the monitoring wells were measured from September 27 to 29. Casing
and riser heights above ground surface and depths to groundwater were also
measured (Table TM2-2). The measured well depths were compared to the recorded
well depths from the RI report The objective of this task was to determine which
wells have possibly shifted or accumulated silt on the bottom.

Most of the wells measured had less than a 1/2-foot difference between the recorded
and measured depths. Well MW-lOb was 0.8 foot deeper than recorded so the well
was examined for settling during the well elevation survey. Wells MW-12a, MW-2b,
and MW-2c had differences in the depth measurements of more than 1 foot, and all
had some silt accumulation on the bottom. The depths of all wells was measured
once again before purging and groundwater sampling were performed.

GLT932/009.51



Table TM2-1
SUMMARY OF HYDRAULIC CONDUCTIVITIES

Well Number

Test Wells

MW-8A

MW-5c

Monitoring Wells

MW-la

MW-2a

MW-3a

MW-7a

MW-7b

MW-9a

MW-lOa

MW-12a

MW-14a

MW-15b

B2

B5

Units

Lacustrine

Till

Peat

Peat

Granular

Lacustrine

Granular

Peat

Peat

Granular

Granular

Granular
Peat

Peat

Hydraulic Conductivity (cm/s)
Before

3.9 x lO'5

3.4 x 10-4

1.3 x 1C"4

7.9 x 10'5

3.4 x 10-4

4.9 x 10-4

9.8 x 10^

2.0 x 10-4

8.2 x 10-3

3.6 x 10-*

1.1 x 10-*

3.5 x KT6

1.2 x 10*

9.0 x 104

After

3.4 x 10-5a

3.3 x 10'4

1.1 x 1Q-4

7.5 x 10-5

2.6 x IKT*

4.8 x lO"4

1.6 x 10'5

1.7 x 10*4

8.8 x lO'3

3.2 x lO"4

1.1 x lO"4

—

1.2 x 10'3-

1.3 x 10-*

•- = Falling head test not performed because of time constraints.
'Second rising head test

GLT932/010.50



Table TH2-2
WELL MEASUREHENTS

Uell
No.

1a

2a
2b
2c
B-2b

3a
3b

B-4a
8-4b

Sa
5c
8-5

6a
6c

7a
7b
7c
8a

9a
9b
lOa
10b

11a

12a

13a

14a
Kb
14C

15a
15b

Recorded
Well Depth *
(Feet below
Ground Surface)

13.33

8
25

38.5
7.5 **

15
22.5

10 **
32 **

12
38.5

7 **

14
35

13.8
24.5
36

14.25

14.5
22.5

12.5
22

14

14

14

15
24

31.5

14.5
24.5

Casing
Height

(Feet above
Ground Surface)

3.24

2.59
2.94
2.55
2.84

3.14
2.76

—

2.48
2.15
3.47

2.84
2.85

3.00
2.8S
2.69

2.90

2.55
2.59

2.80
2.85

3.19

2.93

2.98

2.47
2.76
1.78

:::

Riser
Height

(Feet above
Ground Surface)

3.14

2.54
2.82
2.49
2.83

3.1
2.71
...

2.42
2.1
3.41

2.82
2.77

3.1
2.7
2.42

2.78

2.17
2.61

2.69
2.61

3.14

2.88

2.9

2.34
2.71
1.68
...

Well
Depth

(Feet below
Top of Riser)

16.69

9.95
26.47
39.83
9.67

17.67
24.38
...

13.78
39.97
10.07

16.38
37.73

16.43
26.9

38.51

17.52

16.43
24.39

14.31
25.37

16.66

15.81

17.3

17,32
26.98
33.55
...

Well
Depth

(Feet below
Ground Surface)

13.55

7.41
23.65
37.34
6.84

14.57
21.67
...

11.36
37.87
6.66

13.56
34.96

13.33
24.20
36.09

14.74

14.26
21.78

11.62
22.76

13.52

12.93

14.40

14.98
24.27
31.87

...

Depth to
Groundwater
(Feet below

Top of Riser)

5.25

4.94
4.52
4.1
4.31

4.41
3.76

...

3.68
3.57
3.57

7.16
7.89

5.59
4.86
4.63

7.62

4.72
5.43

3.36
3.35

2.73

4.68

3.09

2.69
3.0
2.25

• *.

Well depths taken front well (retaliation Logs fro» the HI,
Uell depths taken frcai TAT report.



TM 2-EXISTING WELL EVALUATION AND
IN SITU HYDRAULIC CONDUCTIVITY TESTS

Attachment A
CALCULATION OF IN SITU

HYDRAULIC CONDUCTIVITIES

GLT932/007.50-2
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CHMHILL
TECHNICAL MEMORANDUM NO. 3

TO:

FROM:

Fred Bartman/U.S. EPA
Remedial Project Manager

Randy Videkovich/CH2M HILL
Project Manager

BY: Cynthia Cruciani/CH2M HILL

March 2,1988

Monitoring Well and Piezometer Installation

Arrowhead Refinery
Fieldwork Design Investigation
W68802JI

INTRODUCTION

Monitoring wells and piezometers were installed at the Arrowhead Refinery site
between September 14 and October 25,1987. The piezometers were installed to
obtain additional data for

o Establishing groundwater flow characteristics in the upper granular units
(fill and peat)

o Defining groundwater flow characteristics through the deeper sand and
gravel zones (Le., the tower granular unit)

o Establishing groundwater flow characteristics in the bedrock

o Refining hydraulic gradients at the site
o Refining the lateral and vertical extent of groundwater contamination
o Obtaining additional subsurface soil samples to provide information

regarding the site stratigraphy
This memorandum describes drilling and well installation procedures and also
includes boring logs, well installation information, and well development records.
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PERSONNEL

Personnel participating in this task were:

o Jewelle Imada, CH2M HILL
o Cynthia Cruciani, CH2M HILL
o Jim Russell, CH2M HILL
o Bob Weinschrott, CH2M HILL
o Jerry McLane, PRC
o Larry Solhaney, Engineers International
o Greg Weeks, Engineers International

The drilling and installation of wells and piezometers were subcontracted to STS
Consultants, Ltd.

LOCATIONS

Wen and piezometer locations were selected on the basis of previous site
investigations and the results from the seismic refraction survey (see Technical
Memorandum No. 1). The locations were stated out before drifting began by Jewelle
Imada and Dave Crisman (MPCA). Actual drill locations were adjusted to
accommodate drilling access or similar needs.

Existingand new monitoring well and piezometer locations are shown in
Figure TM3-1. Thirteen new wells and 7 new piezometers were installed. The wells
installed during this field investigation were screened in the bedrock ("e"
designation), the lower granular unit ("b"), or the upper granular unit ("s").

DRILLING PROCEDURES

The borings were drilled using a CME-75 rig or a Mobile B-53 drill rig mounted on
an all terrain vehicle carrier. The an terrain vehicle was used in low-iyin$ wet areas
and where access to boring locations was particularly difficult This activity included
the drilling of five bedrock wells and eight wells and seven piezometers in the
overburden. The time used in completing each individual well is listed in
Table TM3-1.

BEDROCK DRILLING

Boreholes for wells placed in the bedrock unit were advanced using telescoped casing
methods. Hollow-stem auger drilling methods were used to the depth of the
lacustrine unit When the augers were removed, a 6-inch temporary surface casing
was emplaced to prevent cross-contamination from upper to lower units. Rotary
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Table TM3-1
WELL CONSTRUCTION CHRONOLOGY

Well No.

MW-2e
MW-3s
MW-5b
MW-5e
MW-7s
MW-8b
MW-13
MW-13e
MW-14s
MW-16s
MW-16b
(Piezometer

MW-17b
MW-17e
MW-18e
P-5s
P-5b
(Additional

P-17s
P-19s
P-20s

Screened
In Unit

BR
US
LG
BR
UG
LG
LG
BR
UG
UG
LG

installed instead:

LG
BR
BR
UG
LG

Start

10-19-87
09-25-87
10-12-87
10-07-87
10-06-87
09-27-87
10-12-87
09-29-87
09-26-87
09-16-87
09-15-87

P16b)

09-23-87
09-16-87
09-26-87
10-13-87
10-08-87

Dates
End

10-24-87
09-24-87
10-12-87
10-10-87
10-06-87
09-28-87
10-14-87
10-09-87
09-26-87
09-16-87
09-15-87

09-23-87
09-26-87
09-30-87
10-14-87
10-09-87

piezometer not originally planned)

UG
UG
UG

(P-19s and P-20s not installed,

P-21s
P-21b
P-22s

UG
LG
UG

09-24-87
09-26-87

see text)

09-24-87
09-23-87
09-25-87

09-24-87
09-26-87

09-24-87
09-24-87
09-25-98

Notes:
MW = Monitoring Well (Stainless Steel)
P = Piezometer (PVC Pipe)
BR » Well Screened in Bedrock
UG = Well Screened in Upper Granular Unit(s)
LG - Well Screened in Lower Granular Unit(s)

Total
Days

4.5
0.5
1.0
4.0
0.5
1.5
3.0
5.0
0.5
0.5
1.0

1.0
6.5
4.0
2.0
1.0

1.0
0.5

0.5
1.0
0.5

GLT932/012JO
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drilling methods were then used to the top of the bedrock. A second length of
narrower, 4-inch casing was seated in rock to provide a conduit for return of bedrock
cuttings to the surface. Once the casing was set, the bedrock was cored with an NX
core barrel (core diameter of 2.155 inches). The borings were advanced until 10 feet
of core was recovered, and the boreholes were reamed to a 4-inch-diameter with a
rock bit as required by the Minnesota Department of Health (MDOH) Well Codes.

There was some difficulty in advancing the 4-inch casing to bedrock because of the
boulder zone encountered just above the bedrock surface in most locations. Lithology
of the boulders included both local and distant bedrock sources, indicating that the
zone may be a glacially deposited till unit Hie use of the rock bit to drill through 2-
to 3-foot boulders did not allow for a wide or straight enough hole to be cased all the
way to bedrock. In those cases, the bedrock coring process took longer because of
slumping in uncased portions of the hole and in bedrock. Slumping also delayed well
placement because the borehole had to be reamed completely to place the well at the
desired depth in bedrock.

Soil, drilling mud, and purge water from onsite borings at Well Nests 2 and 5 were
screened with an OVA flame-ionization meter and drummed in 55-gallon barrels
because of high organic vapor readings.

A 10-foot core was not taken from boring MW-5e because the drillers miscounted the
drilling rods and drilled 15 feet into the bedrock with a rock bit

OVERBURDEN DRILLING

Hollow-stem auger drilling methods were used to advance borings above or to the
lacustrine unit for installation of shallow piezometers or monitoring wells. The well
screens were placed in upper granular materials. The same general procedure was
followed for placing wells screened in the lower granular unit as for those screened in
the bedrock, but the 4-inch telescoping casing was not used. Instead, a 6-inch surface
casing was used to prevent cross-contamination between the upper and lower granular
units. After advancement to the target depth, the wells were installed in the coarse
material.

A bentonite drilling mud was used to drill most well holes below the lacustrine unit
because of the nature of the coarse material and the sflty material within the lower
units. The mud facilitated removal of cuttings from the hole better than the use of
water alone. The boreholes were thoroughly flushed with clean water to remove
drilling mud before the wells were installed.

Health and safety monitoring of downhole and ambient air was conducted during the
drilling. HNu photo-ionization meters (calibrated to 68 ppm benzene) and OVA
flame-ionization meters (calibrated to 102 ppm methane) were used. Fogging of the
UV lamp in the HNu necessitated backup use of the OVA. Elevated concentrations
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of organic vapors (up to 60 ppm, OVA) were encountered in the breathing zone
during the drilling of some onsite wells. When organic vapor readings above level C
conditions were encountered, drilling was temporarily halted and the area evacuated
until levels dropped back down to safe conditions. A black ooze was brought up from
some of the boreholes during the drilling of the shallow zones (approximate range
from 0.5 foot to 15 feet at Well Nests 5 and 2).

STRATIGRAPHIC SAMPLING

The deepest well from each well nest was sampled to define the different
stratigraphic units. Continuous split-spoon samples were obtained from ground
surface to the bottom of the boring. After the split spoons were opened, the samples
were logged and screened with an OVA or HNu. A visual description of each sample
was recorded on a boring log by the onsite geologist (see Attachment A). A
representative sample from each split spoon was then placed into prelabeled jars. At
the end of the drilling program, the jars were placed into a 55-gallon drum, labeled,
and moved to the central drum storage area.

Soil samples from wells MW-5e and MW-13e were submitted to CLP laboratories for
chemical analyses for organic and inorganic compounds and incineration parameters
as part of the soil sampling program (see Technical Memorandum No. 6).
Laboratory results are discussed in Chapter 4 of this report.

The split spoons and sampling utensils were decontaminated between each sampling
interval by rinsing with a trisodium phosphate solution, tap water, methanol, and a
final triple rinse of distilled water.

WELL INSTALLATION PROCEDURES

MONITORING WELLS

Well construction diagrams for monitoring wells and piezometers are summarized in
Figures TM3-2 and TM3-3; individual well construction diagrams as provided in
Attachment B. Monitoring wells consisted of 2-inch-LD., factory cleaned stainless
steel screens and riser pipe. Screens were 0.010-inch, welded, wire-wound, continuous
slot type. Teflon O-rings were used at joints to ensure a watertight seal.

Wells were placed into completed boreholes and the annular spaces around the
screens were packed with sand. Sand was placed from approximately 1 foot below
the base of the screen to at least 1 foot above the top of the screen. A thick,
bentonite slurry seal was used above the sand pack for most of the monitoring wells.
Two to 10 feet of slurry was used in most cases (see Attachment B). Bentonite-
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cement grout was then emplaced to the ground surface. The wells were completed
with locking protective casings that were grouted in place above the well.

PIEZOMETERS

Piezometers consisted of 1-1/2-inch-diameter, 0.010-inch mill-slotted PVC screen and
PVC pipe. Screens were 5 feet in length. Piezometer depths and lengths are
designated in piezometer construction diagrams (Attachment B). Piezometer
installation was completed in the same manner as for monitoring wells, except that
sometimes a bentonite pellet seal was sometimes used instead of bentonite slurry.

The MPCA had requested that a number of piezometers be placed in a wetland area
southwest of the site. Piezometer P-20s was planned as the westernmost piezometer
in the wetland. However, the MPCA did not obtain access to that location, so the
piezometer was not installed.

Piezometer P-19s (south of the southwest corner of the main Gopher Oil building)
was also not installed. The piezometer was to be screened in the upper granular unit,
but upon drilling the borehole it was found that the upper granular unit does not exist
at that location.

A piezometer was installed at boring MW-16b instead of a monitoring well because a
lower granular unit was not encountered in which to screen the monitoring well.
Piezometer P-16b was placed with the approval of the MPCA and will be used to
obtain vertical gradient information.

An additional piezometer was installed at the Well Nest 5 location. Piezometer P-5s
was to have been screened in the shallow coarse material. Since it was placed by
error below the lacustrine silts in the coarse material, it was relabeled P-5b and
Piezometer P-5s was installed in the correct position.

WELL DEVELOPMENT

The new wells and piezometers were developed by Don Johnston (STS Consultants,
Ltd) between October 4 and 28. They were developed mainly by removing at least 10
well volumes by pumping with a centrifugal pump or surging with a foot valve
attached to a length of PVC pipe. Development continued until the pH and
conductivity measurements stabilized. Bedrock Wells 2e, 5e, and 17e stabilized with
high pH readings (9.9, 8.4, and 11.2, respectively). The high pH readings may
indicate grout contamination. Well development is summarized in Table TM3-2, and
the development records are included in Attachment C

GLT932/011.51



Table TM3-2
WELL DEVELOPMENT SUMMARY

Location Development Method

MW-2e Surging
MW-3s Surging
P-5s Surging
P-Sb Surging
MW-5b Pumping
MW-Se Surging and Pumping
MW-Ts Pumping
MW-8b Surging
MW-13b Surging and Pumping
MW-13e Pumping
MW-14s Bailing and Surging
MW-16s Surging
P-165 Surging
P-17s Surging and Pumping
MW-17b Surging and Pumping
MW-17e Surging
MW-18e Surging
P-21& Surging
P-21b Surging
P-22s Surging

Time
ibrX
2
2
3
2.5
05
3
1
2
3
1.5
2
2
2
1
2
2
2
2
2
2

Volume
Removed

fgah

22
6.5

20
25
86
86
55
37
66

102
12
20
30

180
100
80
10
20
25
10

Appearance of
Discharee

Before

Turbid
Opaque
Opaque
Opaque
Turbid
Turbid
Turbid
Opaque
Opaque
Turbid
Opaque
Opaque
Opaque
Turbid
Turbid
Turbid
Turbid
Opaque
Opaque
Opaque

After

TUrbid
Turbid
Turbid
Turbid
Clear
Clear
dear
Clear
Clear
Clear
Turbid
Turbid
Turbid
Clear
Clear
Dear
Turbid
Turbid
Turbid
Turbid

Comments

Water smelted.
Water smelled.
Pumping rate 14.2 gpm.
Pumping rate 0.5 gpm.
Good well water clear and clean.

Pumping rate 0.5 gpm.

Pumping rale 12 gpm.

pH 11.2.
Very slow recharge.
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CKMHILL
TECHNICAL MEMORANDUM NO. 5

TO: Fred Bartman/U.S. EPA
Remedial Project Manager

FROM: Randy Videkovich/CH2M HILL
Project Manager

PREPARED BY: Don Johnson/CH2M HILL
Project Geophysicist

DATE: March 2, 1988

RE: Borehole Gamma Logging and
Lithologic Correlations

PROJECT: Arrowhead Refinery
Fieldwork Design Investigation
W68802.FL

INTRODUCTION

Gamma logging of 21 selected boreholes was performed at the Arrowhead Refinery
site between October 20 and 24, 1987 by Don Johnson, assisted by Jewelle Imada
(CH2M HILL) and Greg Weeks (Engineers International). The logging was
performed to obtain information that could aid in the interpretation and correlation
of lithologic logs. Continuous soil samples had not been collected at all the wells, so
gaps exist in the descriptive logs. Descriptions vary between wells because they were
logged by different people. The gamma logs provide information to help fill the
sampling gaps and to help correlate descriptive logs made by different
hydrogeologists.

Figure TM5-1 shows locations of the monitoring wells used for gamma logging. Not
all wells were logged. Only the deepest well in each well nest was logged, with two
exceptions. At Well Nest 13, both WeD MW-13b (35 feet deep) and Well MW-13e
(53 feet) were logged. Well MW-13e was subsequently logged when the mistake was
discovered. At Well Nest 2, Well MW-2c (39 feet) was logged first because Well
MW-2e had not been completed. Well Mw-2e (50 feet) was eventually completed in
time for it to be logged.

EQUIPMENT AND METHOD

A Mt. Sopris Model 1000-C portable jogger with a standard gamma, SP, and
single-point resistivity probe was used, uie SP and resistivity capabilities were not
used.
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Before any logging was performed, the location of the sensor in the probe had to be
determined. A Coleman lantern mantle, which contains a slight amount of
radioactive thorium, was slid along the probe until a maximum signal was obtained.
The distance from the sensor to the top of the probe was found to be 3 feet. When
setting up the logging unit at each well, the probe was positioned with the top of the
probe at the top of the riser. Since the sensor was 3 feet lower, the depth counter
was set to 3 feet. The probe was lowered into the well until it rested on the bottom.
The actual bottom of the well is 1.7 feet lower than the depth reading because of
additional probe length beneath the sensor location.

The gamma log was obtained by engaging the paper drive, lowering the pen, and
raising the probe at a rate of 5 to 10 feet per minute. The probe was raised and
lowered using a hand-operated winch. The information recorded at each well
included location, date, well depth, and scale settings.

After completion of each well log, the probe and affected portion of the cable were
decontaminated with a trisodium phosphate wash, a distilled water rinse, a methanol
rinse, and another distilled water rinse. Decontamination at the offsite wells consisted
of a distilled water rinse only. The logger was hand carried between borings.

RESULTS

GAMMA LOG RESULTS

Four lithologic units are identifiable in the gamma logs (see Attachment A). Peat is
characterized by readings around 10 counts per second (cps), silts and sands at 15 to
20 cps, clay at 25 to 30 cps, and bedrock at 5 cps or less. These results are a
generalization and exceptions do exist

The peat identified in the drilling logs exhibited readings of about 10 cps in the
gamma logs. The gamma counts in the peat at five wells (New. MW-oc, MW-9b,
MW-lOb, MW-12a, and MW-18e) were at the same level as in the surrounding
material (15 to 20 cps). The peat at those locations may have higher silt or sand
content than elsewhere. In well MW-2c, the soil fill above the peat also has a low
count rate and cannot be distinguished from the peat in the gamma logs. In
Wells MW-5e and MW-18e, the surficial soil has a low count rates but peat was not
identified in the lithologic log. The shallow soils with the low gamma counts may be
fill (with a lower gamma activity than the native soils), or they may have a high peat
content but not high enough to be described as peat

There is no distinction in the gamma log between the lacustrine or till sediments.
There is a small but observable increase in the count rate in some wells that may
correspond to the till-Iacustrine contact. Wells that exhibit features in their gamma



TABLE TM4-1

ARROWHEAD REFINERY ELEVATION SURVEY
NOV 22-24, 1987

(Elevations in feet above mean sea level)

WELL
No.
12a

13a
13b
13e

14s
14a
14b
14C

15a
15b

MW-16
P-16

17s
17b
17e

P-17s

18e

21s
21b

22s

23S

i Gage
i Gage
i Gage
i Gage

GROUND
1418.53

1418.50
1418.49
1418.83

1415.72
1415.59
1415.66
1415.69

1420.73
1420.54

1421.31
1420.90

1423.02
1423.44
1422.77
1426.10

1419.79

1413.97
1414.00

1413.69

1430.12

1415.39
1420.32
1419.25
1419.06

ELEVATION
CASING RISER
1421.45 1421.42

1421.54
1420.96
1420.89

1417.77
1418.04
1418.43
1417.50

1423.20
1422.99

1423.02
1423.15

1425.04
1425.40
1424.69
1428.30

1421.58

1416.16
1416.19

1415.53

1433.04

1421.46
1421.05
1421.08

1417.50
1417.86
1418.36
1417.39

1423.11
1422.77

1423.01
1423.26

1425.00
1425.26
1424.67
1427.63

1421.60

1416.16
1416.30

1415.58

1432.33

Note: Stream <
for the top o:
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For the old wells, the new elevations differed from the RI data by generally less than
0.1 foot. Differences were greater than 0.2 foot at the following wells:

Well
New Riser
Elevation

Old Riser
Elevation Diff. Comments

B4a
B4b

1,424.22 1,423.27 0.95 Casing and ground eleva-
1,424.08 1,423.12 0.96 tions match.

MW-7a 1,422.49 1,420.42 2.07 Casing and ground eleva-
MW-7b 1,421.75 1,420.42 1.33 tions differ by similar
MW-7c 1,421.60 1,420.28 1.32 amount.

MW-lOa 1,416.63 1,415.66 0.97 Casing elevation differs
by a similar amount. Ground
elevations match.

MW-15a 1,423.11 1,42231 0.80 Casing elevations differ
MW-15b 1,422.77 1,421.84 0.93 by similar amount Ground

elevations differ by about
0.5 feet

GLT932/093.51



CKMHIIL
TECHNICAL MEMORANDUM NO. 4

TO:

FROM:

PREPARED BY:

DATE:

RE:

PROJECT:

Fred Bartman/U.S. EPA
Remedial Project Manager

Randy Videkovich/CH2M HILL
Project Manager

Don Johnson/CH2M HILL

November 4, 1987

Well Elevation Survey

Arrowhead Refinery
Fieldwork Design Investigation
W68802.FI

INTRODUCTION

The Well Installation Task included the surveying of all new wells, existing wells, and
staff gauges to determine their elevations relative to a common datum. The
elevations of both top of casing and ground surface were measured for wells because
some wells appeared to have shifted because of frost heave. The new surveyed
elevations were used to determine groundwater flow directions and gradients.

FIELD ACTIVITIES

Well elevations were established in a survey performed by Don Johnson and Jewelle
Imada from November 22 to 24, 1987. Elevations were tied into the USGS bench
mark located on the south side of VS. Highway S3 near Well Nest 17. The elevation
of the bench mark is 1,426.22 feet above mean sea level (msl).

The survey was performed in five loops starting and ending at a known elevation.
Closing a loop in such a manner allows any survey errors to be detected. The
greatest closure error was 0.06 foot at the first loop. The closure errors at the other
loops were 0.03 foot or less. Loop 1 started and ended at the bench mark. Loop 2
started and ended at Well MW-18e to avoid crossing the highway. The elevation at
Well MW-18e was confirmed by surveying it twice. Loops 3 and 4 started and ended
at Well MW-18e. Loop 5 used the casing elevation of Well MW-Sc determined in
Loop 4, which was confirmed by existing data.

Elevations at each well were measured at the top of the protective casing, top of the
riser, and ground surface. Existing wells were surveyed to determine if frost heave
had occurred. Elevations were also obtained for the tops of the stream staff gauges.
Table TM 4-1 lists elevations measured during this surveying effort.



TABLE TM4-1

ARROWHEAD REFINERY ELEVATION SURVEY
NOV 22-24, 1987

(Elevations in feet above mean sea level)

WELL
No.

la

2b
2a
20
2e

3s
3a
3b

B4a
B4b

P-5S t
P-5b
5a
5b
5c
5e
B5

6a
6c

7s
7a
7b
7c

8a
8b

9a
9b

lOa
lOb

GROUND

1424.06

1418.05
1418.19
1417.94

1416.21
1415.64
1415.70

1421.56
1421.43

1418.71
1419.12
1418.64
1419.14
1418.95
1419.08
1418.94

1424.95
1425.06

1419.54
1419.44
1419.03
1419.19

1423.36
1422.54

1419.01
1419.25

1413.93
1413.96

ELEVATION
CASING RISER

1427.29

1421.03
1420.74
1420.50

1418.31
1418.84
1418.41

1424.33
1423.81

1420.53
1420.77
1421.12
1420.58
1421.17
1420.32

1427.80
1427.85

1421.11
1422.46
1421.90
1421.89

1426.26
1424.58

1421.58
1421.84

1416.73
1416.85

1427.19

1420.94
1420.69
1420.43
1419.73

1418.30
1418.79
1418.36

1424.22
1424.08

1420.43
1420.82
1421.05
1420.68
1421.12
1420.41

1427.74
1427.82

1421.07
1422.49
1421.75
1421.60

1426.14
1424.65

1421.23
1421.85

1416.63
1416.60

lla 1414.89 1418.01 1417.98



WELL DEVELOPMENT RECORD
J o b N c m e . . . . . . / Dais. . . .^r. . . . . . . . . .

Stlcicup Above Ground Surfaca .......Tri.y^...... fact ' Job Number. ..jfijfJ.
'•Veil # ..i..r.£?..~.l(.&_. _Doie of Instailaiian .............................. Ycur Name .v^A.
Screen Interval .......................................... to ............................................. feai b«cw ground surfcca
Internd Qicmecer of WriJ Pipe..,.,...2.......................... Screen Sot........5/^?.....................................
Screen Material. ....../2£.................................... Riser Material .

INITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riser pipe.

Water Uevd......7/..^.ftC.... feet
Sounded Bottom of WeH ....?/;/.£.... feet
Volume of Water to Well. .....#.£7...... gallon a
Minimum Volume of Woterto be Removed
for Development .........7.5........ gallons

LD. of riser pipe

2
3
4
5

Gallons per
foot of depth

0.163
0.357
O.S54
1.02

HUMPING RECORD
All naeasuremanta taken from top of riser pipe.

Data Run Start
Time

Finish
T»m«

Elapsed
Time

Pumping
Rat*

[gaf/min]

Volume
Removed

[got]

Draw
Down

Recharge
Rate Comments

(I v r

STABILIZATION TEST
AH measurements taken from top of riser pipe.

Data Sample
Number Ph

Temperature
Corrected

Conductivity
[yhmoe]

Tempe-
rature

Total
Volume

Removed
Pumphg

Rat*
[gal/mln]

Method Comments

10-6 I / JQl -90 f fat

to-b
In-r

WATER LEVEL AFTER DEVELOPMEN
All measurements taken from top of riser pipe.

Data
Sic tic Water Level

Sounded Bottom of WeH After Oevdopment .....
is th^re any sediment left at the bottom of the well? yesQ

> feet



"WELL DEVELOPMENT RECORD
Job Um*..£t^£/.$&?j£.^ Stcrt Datf l ./£"£................

Stlcisup Above Ground Surface ......̂ -JL...... feet ^ Job Number. ....../¥.?..£:?!...................
Wail # ...^f.^j?."^.?.-T... Dots onnstflilation .....T/.^J-^Z........ Your Mama ....^.«.^e/?/f^.^..............
Screen Interval ....................?J .̂................ to .................. 3.<*37.................... feat beiow ground surface
Internal Diameter of Well Pipe.............Z..................... Screen Sot...........3SW?...................................
Screen Materid..........̂ W:,................................ Riser Material ,.?.$*,................................... .....

mINITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riser pipe.

Water Level.....?.'.K.L...... feet
Sounded Bottom of Weil .......cLn....... feet
Volume of Water In Well......../.?........ gallons
Minimum Volume of Water te be Removed
for Development ...........*7......., gdlans

1.0. of riser pipe
[Inch]

Gallons per
Foot of death

0.16 3
0.557

1.02

PUMPING RECORD
All measurements taken from top of riser pipe.

Date

/0-t
A?-£"

Run

1
~L,

Start
Time

&20
q

Finish
Time,

7'*""
9;Tf)

Elapsed

ir
lo

Pumping
Rota

[gd/min]
&*>/*
MJ-

*

Volume
Removed

[gd]
» C"
- f

Draw.
Down
[feet]
Qff^
fass

Recharge
Rate

[gd/mlrt]
^T/r^

Comments

5"«f fft *t . y
<#,t,Jf̂

 j

STABILIZATION TEST
All measurements t&ken from top of riser pipe.

Date Sample
Number ph

Tempercture
Corrected

Conductivity
[ynmoe]

Tempe—
rature

laid
Vdume

Removed
[gal]

Pumping
Rat*

[gd/mln]
Method Comments

/2^'i I
7,7

WATER LEVEL AFTER DEVELOPMENT
All measurements taJcen from top of riser pipe.

Date
Stctte Water Level

Sounded Bottom of Weil After Development. .....#?'.#?............... feet
!s Sh,*re any sediment left at the bottom of the weil? yesD



WiULL DEVELOPMENT RECORD
J a b N o m e . . . . ^ Stcrt

Stfcxup Abava Ground Surfoca ...Z*^3 .̂... feet Job Number. .
Wei! # M%$2diK£.». Data of Installation ...... .?."!.?. 7. £.'?.....„ Your Name
Screen Int«rvd.................£.y/.3........x .... to ....................... .£?/jL... ........ .fee* bdow ground surfccs
Internal Diameter of Wdl Pfpe..,........Z.v.................... Screen Sot. ...../£?/??.
Scf»en Motgrioi. ..........$&fM&..SA*J[..if)*. Riser Maitnal . .....f.^<f?.^

rnINITIAL DATA PRIOR TO DEVELOPMEN
'AH measurements tajcen from top of riser pipe.

Water Lavti................. fwt
Sounded 8o«om of Wall .....̂ '.̂ ..... P««t
Vatum* of Water In Wail. ...../&»&:.... gallons
Minimum Velum* of Water to be Removed
for Development .....U?.Arr........ gallons

1.0. af riser pipe
[inch]

Gallons per
foot of deoih

O.T6J
Q.JS7
O.o 53
1.02

PUMPING RECORD
AH measurements takan 'from top of riser pipe.

Date Run Start
Time

Finish
Time

Goosed
Time

Pumping
Rat*

[gd/mfci]

Volume..
Removee*

[04]

Draw
Down

Recharge
Rote

[gal/mln]
Comments

STABILIZATION TEST
All measurements taken from top of riser pipe.

Date Sample
Number ph

Temperature
Corrected

Conductivity
[yhmos]

Tempe—
roturem

Total
Volume

Removed
[gal]

Pumping
Rote

[gd/mln]
Method Comments

WATER LEVEL ASTER DEVELOPMENT
All measurements taken from top of riser pipe.

Date
Static Woter Levelk:

Sounded Bottom of Well After Development . ,.
Is thure any sedimant left at the bottom of the weil? y«s na (2



VVHiLL DEVELOPMENT RECORD
Job Doia..

Stidcup Above Ground Surface ....._ .̂̂ ...... fast Job Number. ..;.*.*' ?
V/aH # J?r]lZr£l5>...... Data_of Installation .......y'&'R.Z.....^ Your .Mama
Scre«n Interval ...... ...O ĵ-2.5..........̂ ........... to ....... ........Tt./.S.. ....
Internal Qiamscar of Weil "Pipe.... .."£......... ........ ........... Screen Sot.
Screen Material. ...... ....#£?<..................... .......... Rber Material ....... .X

. fe-i beiow ground s

INITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riaer pipe.

Wat«r . . . . . . . . . . . . . . . .
Sounded Bottom of Wail .../?.'/L..... fact
Volume of Wotar fn W«H.T..̂ .Z......... gdloni»'
Minimum Vofuma of Water to be Removed
for Development .....'«/£....,.... gallon*

1.0. of rlaar pip a
[inch]

2
3
4
5

Gallons per
foot of death

0.16J
O.JS7
0.633
1.02

-; PUMPING RECORD
All zneaaurexaenta tilwn from top ol riaer pipe.

Gate Run Start
Time

Finish
Time

ETapaed
Time

Pumping
ftote

[getf/mln]

Veiume
Removed

Draw
Down
CM]

Recharge
Rate Comments

2.W
l̂ ki

/ /

STABILIZATION TEST*
All measurements taken' from top of riaer pipe.

Date Sample
Number ph

Temperature
Corrected

Conductivity
[yhmaa]

Tempe-
rature

Totd
Volume

Removed'
Pumping

Rate
[gai/min]

Method Comments

IHV
/

•A

WATER LEVEL AFTER DEVELOPMENT
All mcaaureaienta taken froia top of riaer pipe-______

Static Water L«vd

Sounded Bottom of Weil Aftar Qevelapmant . ....... (2. J.
\s th*ra any rsdimsnt left at the bottom of the weil?

..... f«at
yeaD noQ



grjH WJtiLL DEVELOPMENT RECORD
!k -^ Job Name..,.(f/£&t/j£//.....$&3.*t£ft.cL......................... Star: Date..../!?_~ £".................Job N a m e . . , C ' ^ . , . . . . . ^ ^ dais.

Stfcicup Above Ground Surface .....I?r.'.<r?....... feat Job Number.
Weil # .&&.J.2.-&.. Data of Installation .........$'.?.J..T$!2... Your Name ...... .............
Screen Interval ........T f̂i'.Z......................... to ..............3i jU?...................... feet beiow ground rurfccs
Internal Diameter of Weil Prpe....................."XV........... Scrs«n Sat.
Screen Uat^o®flr//..£Af/7^X^'...S^S......... Riser Mcienai.......

INITIAL DATA PRIOR TO DEVELOPMENT
'AH measurements taken from top of riser pipe.

Water Level.. . . . .f . . . . . . . . . feat
Sounded Bottom of Well .....̂ .?.'.?^T... f««t
Volume of Water In W4\........SilC..... gallon*
Minimum Vofume oi Waterja be Removed
for Development .......£..£........ gdions

1.0. of riser pipe
[Inch]

2
3.
4
5

Gallons per
foot of death

O.TS2
Q.JS7
O.S53

1.Q2

PUMPING RECORD
All measurements taken from top of riser pipe.

Dots Run Start
Urn*

FTnfsh
Time.

Elapsed
Time

Pumping
Rat*

[gd/mtn]
IW I /

. Vofume
Removed

[gd]

Draw
Dawn

Recharge
Rate

[gd/^nlh]
Comments

;/<

STABILIZATION TEST
All measurements takes from top of riser pipe.

Dot* Sample
Number pn

Temperature
Corrected

Conductivity
[uhmce]

Tempe—
rature.

Toid
Volume

Removed
Pumpftig

Rat*
[gd/mln]

Method Comments

w-r
ff tf

tO

WATER LEVEL AFTER DEVELOPMENT
All measurements taken from tap of riser pipe. ______

Oats
Stotfc Water Levd!

"
Sounded Eaitom of Weil After Development......^.'..'..
Is there any sediment left at the bottom of the well?

. feet



"WELL DiU VELOPMJtiNT RECORD
Job N c m « . . . . . . . . . . . . . . . ^ v - . . . . . . . .............. SLcrt Oate...^.

Stlcicup Above Ground Surfaca ....&j.!, ......... feet * r Job Number. ... %.?.{.}'.?..
Well # Ml^.J2.£...... Dais ofjnsiailatlon ...... $~£.6.~£./;.... Your Nam«
Ser»«n Interval .......................?.£.'/............. to ......£7//........................... eet beiow round surface.
Intemd Diameter of Well Pfpf..-».....Z.\............. ....... Screen Sot. ..̂ /#.#?.?T!...,. ........... .................
Screen Matarfd. ..3.^.^..£^<f./XJ.f^//...... ........ RIa«r Moi^rid ...^f/.....S^*/A^^..J&fe

INITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riser pipe.

Water Uv«i..... . . . . . . . . . . fwt
Soundad Bottom of W«l ...5S
Valum. of Wotw In Wall ......St-./......... gallons
Minimum Volume of Water ta be Removed
for Development .......£?.......... gallons

1.0. of riser pipe
[>ch]

Gallon a per
foot of death

0.16 3
0.357

1.02

PUMPING RECORD
All measurements taken from top of riser pipe.

Date Run Start
.Time

Elapsed
Time

Pumping
Rat* .

[gd/m'in]

Volume
Removed

[gal]

Draw
Down

Recharge
Rote

[gal/min]
Comments

//fl) ",37

STABHJZaTldN TEST
All measurements talcen from top of riser pipe.

Date Sample
Number pn

Temperature
Corrected

Conductivity
[yhmo«]

Tempe—
nature

Total
Volume

Removed
[gal]

Pumping
Rate

[gd/mfri]
Method Comments

I I
3

11.03
It,

//LZ.

^. I - I —

WATER LEVEL AFTER DEVELOPMENT
AH measurements taken from top of riser pipe.

Dote
Static Water Level

Sounded Bottom of Weil After Oavdopment......J.T?..?T.
s ttiare any redim«nt left at the bottom of the weil?

. feet
noS



VV&LL DEVELOPMENT RECORD
oo N a m « . / . . . . r . ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S t a r t Data... /:..:£?...........

Stlcicup Above Ground Surface .......2c<£?..... fee£ Job Number. ....̂ ..V. ?..£]£.....................
Wail # ..M#.$.7./.&.. Date af Installation .......f?.~/£".7.?..7-.. Your Nome $.?.?.£*£.*(£*.!«..............
Screen Interval .......................................... to ............................................. fast betcw grcund surfaca
Internal Oiamacar af WdJ Pi'pa..............."£r................... Screen Sot.
Screen Uotaridty/tjtf.....f.^//f/^...jC^/Z........ Riser Moterid . ...

mINITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from tap of riser pipe.

Water L t v r f . . . i j f . — - — »- '«•*
Saundad Hot-torn of Well ...J.ffc...... ftat
Volum* of Water In nft......ic/2...«. gdlan«
Minimum Volume of Water to be Removed
for Development ......../fe-— ̂ - gdlons

1.0. of riser pip«
[in en]

2
3
4
5

Gallons par
foot GT" depth

0.1 S3
Q.J57
0.553
1.02

JUMPING RECORD
All measurements* tiken from top of riser pipe.

t
/

Date

^f
^7

lO~ft
IQ~lb

Run

/
2^
3
•Y

Start
Time

57-T
V —
—

Finis*

&.QQ
W&~

—
—

Elapsed
Time

HZ
/<**"
~

—

Pumping
Rate

[gd/mbi]
j ? .ifif* '
..' ' *

Vefuffle.
Removed

[gd]
^
-5^
5-

Draw
Down
CM]
0/>x

f

/

Recharge
Rate

[gd/min]
'•. ——

Comments

<*" ' i/ HSf/fif '

' ^ !
!

%'z/ 6 r STABILISATION TEST
fO~l4~ *7 ̂ -^>y>^^^ meaaursineiita taJcen from top of riaer pipe.

Dots

ffctf
fQ-f
t$ -zy
'lQ~ 27
fO'U

Sample
Number

1
•£_

^
V
——

ph
^2^
7. /
'^Tx
7,^
_

Tempercture

Conductivity
[uhmos]

IfrQ
2,2&
<~)@
*l~*fO

• ——

Tempe-
rature,

/^
f O

—
/O

——

Teid
Volume

Removed
[gai]
,j^
^r-

g?
fZ*

-. —

Pump fag
Rate

[gd/min]

<V#//r<
// J

1

Method

Or<
0*.
tfrf .
OtA

i/

Comments

rlfC? jtrffrfu r +/o 7 ^w1/^-/
. i/

^•^

WATER LEVEL J^TEFw DEVELOPMENT
All measurements Uiin from top of riaer pipe.

Data
Static Water Lavd

Sounded Bottom of Wsil Aftar Oavd
!s thdra any secimant left at ths b

...
/ V P'

3«om of the wetl? yesU ncE



"W&LL DEVELOPMENT RECORD
Job Name..£/^./^^/.,^ Cote.J/3r.£....................

Stlcsup Above Ground Surface ......TS<......... fact Job Number. ...'S^.A'VT............
Wert # ....J?;S.7.-./.Z.-5.. Date of Installation ...S.T.?.y..?.?.7.......... Your Name
Screen Interval ....—............/.̂ .'.̂ ............... to ..../.<?.'..'£............ ..

"? "'Internal Qiamecer of Well Pfpe.................4.................. Screen Soi.
Screen Material.........................£&£«.................. Riser Material ......

feet beiow ground surfacs

rnINITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riser pipe.

Water LeveJ......Sh*.2........ fwt
Sounded Bottom of WeH .....I?.'........... feat
Volume of Water In WeH.....././.3 '̂...... gallons
Minimum Volume of Waierta. he Removed
for Development . ....(-J-4.?....,,.. gallons

1.0. of rte*r pfp«
[inch] .

Gcilcns per
foot of death

0.163
Q.3S7
0.5=3
1.02

PUMPING RECORD
All measurements t&ken from top of riser pipe.

Data Run Start
TTm«

Finish
TTm«

Eopaed
TTni«

Pumping
Rota

[gd/mln]

Volume
Removed

[gol]

Draw
Down
[n-t]

Recharge
Rate

[gd/mln]
Comments

STABILIZATION TEST
All measurements takes from top of riser pipe.

Dot* Sample
Number ph

Temperature
Corrected

Conductivity
[ynmoa]

Tempe-
rature

Total
Vdume

Removed
Pumping

Rat*
[gd/mln]

Method Comments

u £0 0*1*4
'f/40

V

WATER LEVEL AFTER DEVELOPMENT
All measurements taken from top of riser pipe.

Oote
Static Wcter Level|

Sounded Sottom of W«l After Devefopment . ........
Is thera cny sedimant left ot the bottom of the well?

. feet
yes



"WELL DEVELOPMENT RECORD
•r //, /-'I/ L/// /? ^^s, J. i f? /" / ~ ^ *• -,

Job Name..;..£/iU.^^£<....#C^^?:'.^ S\an Cata../i*i.r : "==?T 7...
Sticicup Above Ground Surface......?-.'./....... feet <Tcb Number. ....̂ r 2 ^^
Weil # JJJ.W.X./-MJ.... Date of Jnstailatlan .....^.7^fe.7.r./.. Your Name ...4i5?r.X._...^,^,,............
Screen Intervd ................tf/.5T7................... to ................U.̂ ...................... feet bsiow ground surfcc*
Internal Qiamecer of Wdi Pipe...............r?..V.l.._............ Screen Slot. .....̂ /^J/^_.̂ .r..............................
Screen Materiai..3.4?.Y.........f.Afir7^^»C...^5'x/....... Riser Material ....£26*.

rnINITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taJcen from tap of riser pipe.

Wct»f Uvd.......?.;..?........ fMt
Sounded Bottom of WeH ......ft.,6...... f««t ^.
Volume of Water In Well..........L....... gdions
Minimum Volume of Water to be Removed •'.
far Development ............J.Q.... golloni '̂;-

1.0. of riser pipe
[inch]

Gcilons per
foot of death

0.1 S3
Q.367
0.553
1.02

PUMPING RECORD
All measxiramenta taJctn from top of riser pipe.

Dote Run Start
Time

FTnfah
Time

Boosed
Time

Pumping
RaU

[jd/rnta]

Volume
Removed

[gat]
Draw
Down

Recharge
Rate

[gd/mln]
Comments

STABILIZATION TEST
All mcaaurementa taken from top of riser pipe.

Date Sample
Number ph

Temperature
Corrected

Canduetlvfty
[uhmae]

retnpe—
rature.

Tatd
Volume

Removed
[gal]

Pumping
Rate

[gai/m!n]
Method Comments

72,

WATER LEVEL ^fTER DEVELOPMENT
AIL measurements Uktn from tap of riser pipe.

Date
Static Water Level |

Sounded Bottom at Wdl After Development. .........r^T............... feet
Is there any redlment left at the bottom of the well? yeaQ noQ



WELL DEVELOPMENT RECORD
Jab Nams..£,^/..^^.../<CV^.^^^ Start

Sticrcup Above Ground Surface .......~.£?....... fe«t / Job Number. ..*?.3
Well # ../?..?.?/£.£.-..... Date of Installation ..... ?.::/£.?<£/?........ Ycur Name.^.!"

^"7 ^"" rtScreen (ntervai ...................4«.?............N...... to .............<2-.4..........
;* 7N\

Intemai Qiamefcer. at Weil Pfp«.............ft....^e............... Screen So
Screen Materid. .../-Kw .̂*................................... Riser Material .i

* • i_ . • (
.^eat ceiaw grcuna surrccs i

INITIAL DATA PRIOR TO DEVELOPMENT
411 measurements taken from top of riser pipe.

Water Lavd....r........... fwt _
Sounded Bottom of Well .....*?-.??#:>...
Votum* of Water In Weil......?./..? :̂.... gdions
Mfntmum .Volume of Waier to be Removed
for Development ........A t̂T....... gaflon«

1.0. of riser pipe
"[Inch]

Gallons per
foot of death

0.16 2
0.367
0.653
1.02

'" PUMPING 'RECORD
All measurements taken from top of riser pipe.

Data Run Start
71m «

Finish
Tim*

Elapsed
Ttm«

Pumping
Rat*

[gal/min]

Volume
Removed

•be!]

draw
Down

Recharge
afatm

[S/mlnJ
Comments

AtfriV*'»J*.

STABILIZATION TEST
All measurements taken from top of riser pipe.

Dots Sample
Number ph

Temperature.
Correct «d

Conductivity
[yhmo«]

Tempe—
ratur*

Toid
Vdume

Removed
[get]

Pumping
Rat*

[gd/min]
Method Comments

f(H> I / 'M

s*#«Sl. B

WATER LEVEL AFTER DEVELOPMEN
All measurements taken'from top of riser pipe.

Dote
Static Water Levd

Sounded Sattom of Weil After Development .......fr..<(.y.............. feet
Is thdre any sesim«nt left at the bottom of the wctl? yesC noQ



DEVELOPMENT RECORD
____ Job Ham*.....M&4./f/..£/(.....$&tX.^ Start Data..../.fcZ.f...........I..
Stickup Above Ground Surface ....̂ .'..fe........ feet Jafa Number, ..?..Y.£A7f.........................
Well # /N.V...UJJ.I?.... Date^oY Installation .....{.0.7.13.:.?.?..^.. Your Name ...X^..

2.i
....

Screen Interval ....... ....... .........,.....„.... to ........... jS.K.-JT........
Internal Diameter of Well Pine .̂.........."*?.̂ ............ ....... Screen Sot.
Screen Uat«Hd..^.<?Y....5^ff^JL..Sl4/........«.... Rlwr Matenal .

b«(ow ground surfacs

INITIAL DATA PRIOR TO DEVELOPMENT
All measurements taken from top of riser .pipe.

. /wt
...!.?.£:/.

Wbter
Sounded Bottom of Weil ......:...... feat
Volume of Woter In Well ....... .Y.l....... gdlon*
Minimum Volume of Woter to be Removed
for Development ....... J.^.. ........ gallons

of riser pipe
[inchj

Gallons per
foot of dsoth

0.16 3
0.367
0.653
1.02

PUMPING RECORD
All measurements taken from top of riser pipe.

Dote Run Start
Urn*

Rnfih Eopaed
Time

Pumping
'Rate

[gd/min]

Volume
Removed

[gd]

Draw
Down

Recharge
Rota

[gd/mln]
Comments

(Oil

STABILIZATION TEST
All meaaurements taken from top of riser pipe.

Octa Sample
Number ph

Temperature
Corrected

Conductivity
[yhmo«]

Tempe-
raturem

Totd
Volume

Removed
[gal]

Pumping
Rat*

[gd/mln]
Method Comments

0-1
fO-lf aoo

WATER LEVEL AlTER DEVELOPMENT
All measurement! taken from top of riser pipe. • v

Dote
Static Woter LeveJ

Sounded Sottom of Well After Devdopment........S.Z.f............
la thare dny sediment left at the bottom of the well? yesG



WELL DEVELOPMENT RECORD
::«*.................. Start Date.

"7 J ^ d*Stlcicup Above Ground Surface ....•r-.'-.r'.......... feet Job Number. ..7?..7.<
Wdl # ...lMft/..¥J~.&£ Dote of Installation ....̂ ..T.?".?..?....... Your Name .@.9.r..
Screen Interval ..................2/'..<Z................ to ..............Z^ij........................ feei beiow ground surfaca
Internal Diameter of Well Prpe................Z.*^................ Screen Slot. .M.JO.?J&t..................................
Screen Material. .J^&/....7./K(djK$.£5yxf/....3tfAiU6A. Riser Maten'al ..Jr'.?y...1

INITIAL DATA PRIOR TO DEVELOPMEN
All measurements taken from top of riser pipe.

'/Wotar LaveJ.. . . . . ' . . . . . . . . . . feat
Soundad Bottom of Wall ......£^L... faat
Voluma of Water In Wail...... J!^...... goilons
Minimum Vduma of Water tp ba Ramovad
for Oevalopmant ....... .̂ 5i. ...... goJIona

1.0. of riser pip*
[inch]

Gallons, per
foot of 'depth

0.16.3
0.367
0.653
1.02

PUMPING RECORD
All measurements taken from top of riser pipe.

Data Run Start
lima

Finish
Tlma.

Elapsed
Tlma

Pumping
Rota

[jd/rnln]

Voluma
Ramovad

[gd]

Draw
Down

Recharge
Rate

[gd/mln]
Comm enis

-i /*?

STABILIZATION TEST
AH measxtrementa taken from top of riser pipe.

Oats Sam pi a
Number ph

Temperature
Corrected

Conductivity
[yhmos]

Tempe—
nature

Total
Voluma

Removed
[gal]

Pumping
Rats

[gd/mln]
Method Comments

ISO ^

(\o'0

fu-ll

/•HI
(d-l! r Q

mWATER LEVEL AFTER DEVELOPMEN
All measurements taken from top of riser pipe.

Dote
Static Water Level

Soundod Bottom of Well After Development ......5..//..TT............. f«et
Is there ony sediment left at the bottom of the well? yesQ n<



"WiLLL DEVELOPMENT RECORD
...C/t}J$.$$.&/&M.6&J.../&r^ Start Dots.

Stlcxup Above Ground Surface ...J.'.fc.......... feat ^ Job Number.
Weil # .wfe'.C?..T.?.5.... Data of Installation ........./k.T7^..T^Z... Your Name ..
Screen Interval......................Z/O...-..^,..... to ................ij.,'.̂ ..................... f*ai beiow ground surfaca
Internai Diameter of Wail Prpev.........?-....................... Screen Soi.
Screen

INITIAL DATA PRIOR TO DEVELOPMENT
measurements taken from top of riser pipe.

Wotar Uv«J. ....7xi......... fe«t __
Soundad Bottom of Wart .../J.? .̂..... fnt
Valuffl. of Wat*- In Wtfi....//./..».—». gaUon*
Minimum Vafum* of Water to be Removed
for Development ../.&.&.....,.... gailona

1.0. af riser pipe
[Inch]

Gallons per
foot of death

0.'
0..367
0.553
1.02

PUMPING RECORD
All measurements taken from tap of riser pipe.

Dote Run Start
Time

FTnfsfi
Tim*

Goosed
Time

Pumping
•Rat*

Volume
Removed

[got]

Draw
Down

Recharge
Rat*

[gd/min]
Comments

rr ; t#ttf £/sets'

STABILIZATION TEST
AH measurements taken from top of riser pipe.

Dote SempJe
Number ph

Temperature
Corrected

Conductivity
[yhmot]

rature
Total

Volume
Remevid

[gcri]

Pumping
Rate

[gd/mfri]
Method Comments

104**? 7,7

?7
rs"

WATER LEVEL AFTER DEVELOPMEN
All measurements taJcta from top o/ riser pipe.

Data
Sic tic Water L«vd|

Sounded Bottom or Wcil Afttr Deveiopm«nt ....„...../.2fJ........... fe«t
'a thsrs any sedimant left at the battcm of th« well? yesQ nou



"WHiLL DEVELOPMENT RECORD
J o b N a m e . ' / . . . . ^ Start Qat«.../4r...?r.<?.?

Stlcxup Above Ground Surface ...,.fc/.«J....... teet " JCQ Number.
Well # ./Sfe.C?~£fe.. Date of Inaiailation ..;..... 3.'r.l:<(2?... ...... Ycur Name .
Screen Interval ..................2o«................ to .......... ........ ,/.?„.. .................. f««* beiow ground surr'aca
Internal Otamecer aC Weil Pfpe. ..................2.1..... ....... Scrnen Sot.
Screen MateriaL..̂ .<#..5^^I...£ /̂................ Riser Material .

INITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riser pipe.

Water Levei......J&J........ feet
Sounded Bottom of Wdl ...?.-£/....... fe«t
Valum* of Water In Well ...̂ -̂1............ gallons
Minimum Vdume of Water to b* Removed
for Development ......JJt............ gotten*

LO. of rfaer pfpe
[inch]

Gallons per
foot of death

0.163
0.357

1.02

PUMPING RECORD
All measurements taken from top at riser pipe.

Date

/0-f
./0-7
/0-T

* - * '

Run

/
7.
7

Start
Time

fftjo
1)*
J4^

Ftniih
Time

l/t2*2;j3
^.JC'

Elapsed
Time

•*•
T(T

Pumping
Rat*

[gat/mln]
—— -
- —
—— .

Volume
Removed

[gal]
-£
•5

2,?

Draw
Down
C"«t]
^/^x
^/v<?«,f

Recharge
Rate

[gd/min]

• I //o^

1 7 /M/xr
r

Comments

I

£vi //. r/^^. ̂ « /^"/ /

STABILIZATION TEST
AH measurements taken from, top of riser pipe.

Date

/O^
10-1
{0-4
iv-q
to-y

Sample
Number

/
7,
•̂

C{

f*~

Ph

f.7C
l,y
-7 $
77.
7^

Tempereture
Corrected

Conductfvity

3 z-o
U00
17 fO
trio
ifzo

.

Tempe-
raturem
fd
(Q i

f Q
/nto

Totd
Volume

Removed
[g°f]

T5
^
&
/*/
37

Pump big
Rota

[gol/min]

T -:—
———
— ———

——
• ——

Method

- "
" V

—

Comments

Afarthv — lofoft f'//r d*0t*n~j
'

Wlfsfas /ls~i^i~
£/sst,S <+?&/*

\
ffn./iJ* 1

'

1

WATER LEVEL AFTER DEVELOPMENT
AU measurements taken from top of riser pipe.

Oato
Static Water Level

IWU
f k

1 i
1

Sounded Bottom of Weil Aftar Develop
<a thure any sediment left at the bat*

* ^^*9 e^™* *?

•nent , ...fX .2 .̂. ............. Te
am of the wail? yeaQ

It
no



VJLLL DEVELOPMENT KECOKD
o ais.

Stlcicup Above Grcund Surface ...£.:£:.........,. feet Job Number............
Wei! gS ...ffl.^..JU5...... Date ai Installation ...J.Q.'lffT.?../........ Ysur Name .....G^..^A^£f^^.
Screen Interval .................. 'jc.O..'.?*?,.....,.... to ............ J.&.'Zr:........... fear b«cw ground
Internal Olcrnecer of Weil Pfp«. .........."2,.................. Screen Soi. ...ft.LQ.Sj.QL..- ..
Screen Material. .L^<...3.?./.....̂ V.̂ «.̂ rt#I5.... Riser Materiel .t1 .̂

INITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riser pipe.

Water LeW.....Ir..1.......... feet
Sounded Bottom a I* Well .......?r.?rr..... f««t
Volume of Water In Wdl.....̂ /..?.-?!!... gailons
Minimum Volume of Water to b« Removed
for Oevetopment .......h.T..,....... gallons

t.O. of riser pipe
[incii]

Gcilons per
fooi or ce5:h

0.133
Q.J57
0.5=3
1.02

PUMPING RECORD
All zaeaaureme&ts taJun from.top of riser pipe.

Oat* Run Start
Time

Rnish
TTm«

Elapsed
Time

Pumping
Rot*

[gd/mirt]
Removed

[gd]

Draw
Dawn

Recharge
Rate

[gd/min]
Comments

STABILIZATION TEST -
AH measurements takaa from top of riser pipe.

Oats Sample
Number ph

Temperature
Corrected

Conductivity
[uhrno*]

Tempe-
raturem

Total
Volume

Removed
[gd]

Pumping
Rate

[gd/min]
Method Comments

I / t *r?o
IQ-K I

I?,
tO-T.1 I

WATER LEVEL AffER DEVELOPMEN
AU measureaienta t&k«a fron top of riser pipe.

Dote
Slctlc Water Uvdi

Sounded Bottom of Weil Attar Oev«opm«nt ....... . . i -
is there an seciment left at the bottom at the weil? y*s'_J

n



YUiLL DEVELOPMENT RECORD
$M$......&J.^ star-. Date.. J&rI/-£?.......JGO

Sticcup Above Ground Surface . . . . . . . ...... feet Jcb Number.
-Veil # ...0mO.£....... Dais of Installation ...../(3~ .̂.7.?.7....... Your Name .
Screen Interval ..............S3..'./............. ...... to ................. ̂ StZ. ...........
Internal DIarnecar of Well FFpe. .,.........£...... ................ Screen Sot.
Screen Materid.tJP...$^/^/..^g.............. Rber

feet beiaw ground surface

INITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riser

Water Level.....?.'.,?.......... feet
Sounded Bottom af Wet) .......£jC^.... feet
Volume of Water (n Well .....fV.̂ ......... gallons
Minimum Volume of Water to be Removed
far Development ..........%.{...... gaJIona

.0. of riser pipe
[inch]

Gallon a per
foot of dasth

0.133
Q.2S7
0.552
1.02

PUMPING RECORD
All zueaauremasta takan from top of riser pipe.

Dote Run Start
Time

Finish
Time,

Elapsed
T^ne

Pumping
Rat*

[gai/mln]

Volume
Removed

[gd]
Draw
Down

Recharge
Rate

[gd/mln]
Comments

ItPlI -jr&£j:

STABILIZATION ''TEST
All measurements taken from top of riser pipe.

Dote Sample
Number Oh

Temperature
Carreeiftd

Canductivtty
[yhmo«]

fempe—
rature

Total
Volume

Removed
[gal]

Pumphg
Rat*

[gd/m!n]
Method Comments

-5* IK
T -L/0

fb-ti o. t '/Zx .s
/n -7.1 tto

-20
WV71 r.f I/O X I t

r.o
x

WATER LEVEL AFTER DEVELOPMENT
AH me&aurements taken from top of riser pipe.

Date | A") -7 TL
Static Water Level

Sounded Bottom of Wet! Afttr Development..........^.^.-./............ feet
la there any sediment left at the bottom of the wet!? yesD n'oS



?/£LL DEVELOPMENT RECORD
Job Name...£Jrjj$.,xJ/.....,..........Xch^/^^l^T'.^^............ star:

Stfcicup Above Gwund Surface . ..Ij&iST........ fe«t (J u'Cb Number.......................................
Weil # ....̂ £..fT:£&?. Date of Instailafon .......^.T.^.^rT^Z........ Your Name ..'̂ K-..̂ .̂ ^? .̂............
Screen Interval............ .̂ /........................ to .................1.:.̂ ....................... feet beiaw ground surfccs
Internal QTamefcer of Well Pfpe....,...<,.......................... Scrsen Sat.
Screen MateHd..........57^.f»/i^..r/f//....t^..-?iy. Rteer Material ...*

INITIAL DATA PRIOR TO DEVELOPMENT
All me&surezneata taken from top of riaer pipe.

Watar L«vii............. fwt ,.
Soundad Sottom or Wdl .......2/.̂ ...... f««t '
VoJuma af Wcrtar In WeH.........j.if...... gdfona
Minimum Volume of Water to b* Removed
for Development ....iit.'.yU......... gdlons •

LD. of riser pfct
[inch]

2
3
4
5

Gcilcns per
foot of dacih

O.JS7
O.ocj
1.02-

PUMPING RECORD
All meftaxirexnaata tak»tt from top of riser pipe.

Data Run Start
Tim*

Finish
TIm«

Elapsed
TTm«

Pumping
* Rota

[gd/mto]

Voiume
emov
[got]

Draw
Down

Recharge
Rate Comments

A.

• STABILIZATION TEST
All meaaurementa tucen from top of riaer pipe

Date Sample
Number pn

Temperature
Corrected

Conductivity
[yhmaa]

nature'
Total

Vofum*
Removed

[gai]

Pumping
Rot*

[gol/min]
Method Cammants

in-z i r/r

WATER LEVEL AFTER DEVELOPMENT
All measurements ftkan from top of riaer pipe.

Date
Slatic Water

Sounded Bottom of Wdl After DeveJapment.........-^V./.'............. f««l
is there any sediment left at the bottom of the wet I? yesG noG



WELL DEVELOPMENT RECORD
Jab >tarn9...C/^..^^/^...........^^.^AfnJ../f^f.^........... Start Qote..../i?,7r£./..7./_^.......

StFcfcup Above Ground Surface .....35r.i'.#T7..... feet \Job Number. .....??!?£?!
Wet! * .&£?.i£&....... Date af Installation .../jCrf.T.fT.?........... Your Name.
Screen

% .&~£liC.i$....... Date af Installation .../jCrf.T.fT.?.......
n Intervd ....................../£.,............ -to ............... ....//.. .

Internal Diameter of WdlFFpe. ............... ...2?...... ....... Screen Slot. .........
Screen Material..... ...... f.. If.Cf..... ......................... Riser Material .....

fe*i beiow ground surfaca

INITIAL DATA PRIOR TO DEVELOPMENT
All measurements taken from top of riser pipe.

Water Level............ feet
Sounded Bottom of Well .../.2j(........ feet
Volume of Water In Weil....JL.Zr......... gallons
Minimum Voiume af Water to be Removed
for Development ..........!w.L^~. gallon*

1.0. of riser pipe
[inch]

Gallons per
foot af death

0.1 S3
0.3S7
0.653
1.02

PUMPING. RECORD
All measurements talcan from top of riser pipe.'

Dote Run Start
Urn*

Finish
Ttm«

Qopssd
Time

Pumping
Rat*

[gd/mln]

Volume
Removed

[gd]

Draw
Down

Recharge
Rat*

[gd/mln]
.Comments

M-ll :2 Y 251

STABILIZATION TEST
All measurements taken from top of riser pipe.

Dote Sample
Number on

Temperature
Corrected

Conductivity
[ynmos]

Tempe-
rature

raid
Volume

Removed
[go!]

Pumping
Rat*

[gd/mln]
Method Comments

/(hi/ 3flHK.j«

•F
7,7

-tl

WATER LEVEL AFTER DEVELOPMENT
All measurements taken from top of riser pipe. - ^^

Date
Static Water Level

Sounded Bottom of Weil After Development..........7TTTT............. feet
Is there any sediment left at the bottom of the weH? yesQ noD



ViLLL. DEVELOPMENT RECCED
't£lJ..,..fa*!MM**,................. Star, ==t.-.../!?- ̂  -/ ̂

* /^/ ^ ^yT ^__ » . * • . * * , « * » • . • * • . . • *

Stfccup Above Ground Surface ...X^./7.......... feet / Job Number.
Wdl £ ./jjlM'L/.'u-fc:...* Date of Installation ./.fl."r.?..-J.r: .̂.?!,.......̂ Jfour Name ..<
Screen Intervd .................,...J5%.L..........<r to ................lf//..^..,..................,fear beiaw ground surface
Internd Qlomecar of Well Free...............J^.................. Screen Sat......#. "
Screen Materid..̂ ^7....̂ QW^W..;7Jy..«/̂ <>^ Material .....£

INITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riser pipe.

. (...^..rf./....*.... . iMr .^
Water LeveJ
Sounded Bottom of Well ......̂ ..*:...... feet
Volume of Water In WdI........^Zrr...... g ail on*
Minimum Vdume of Water to be Removed
for Oevelepment .........2.̂ ....... gaflans

LO. of dsvr pipe
[incnj

Gailcns per
foot af death

Q.337
0.553
1.02

PUMPING RECORD
All measurements taken from top of riser-pipe.

Date

/Q~l#

Run

/

Start
Time

1130

Ttme.

3

Elapsed
Time

*zx

Pumping
Rote

[gd/mlh]
_

Volume
Removed

[gd]
10

Draw
Dawn
[feet]
fk»~

4

Recharge
Rate

[gd/m(n]
,Q/LS

— ̂ .^^ . Comments

/>//«fX .7J2&4
*̂

STABILIZATION TEST
AH meaaiirements taken from top of riser pipe.

Date

iQ*T-¥
It-lf

Sample
Number

/
"2-

ph

/d,b
_f' ^

Tempereiure
Corrected

Conductivity
[uhmae]
^"Td
VOO

fempe—
returam

f
r

Totd
Vdume

Removed
[gd]
t&

— *~

Pumping
Rate

[gd/mln]
Method

1

Cammenfcs

4**fei*t £*'<4<4 ' &~t
J s~~

\
\
\
\
\

WATER LEVEL AFTER DEVELOPMENT
All measurements tafcen from top of riser pipe.

Date
Static Water Levdl

Sounded Bottom of Well After Development . .......7^7777
!« there any sediment left at the bottom of the weil?

. feet



ELL DEVELOPMENT RECORD
..._^Job N a m e . . . / / £ . . . . . . _ ^ Start

Stfcicup Above Ground Surfaca ......*?«.#....... feet Job Number.
WeH £ ..j?.r.?.2.^T£.... Dote of Installation ...J&^.7.^.Z....... Your Namm .
Screen Interval :......................../&.!?,...Vv.... to ....................... J?J..i?... ............ feet beiow ground surfacs
Intemai Diameter of Weil Pfga. ...7......... Z-............. ....... Screen Sot.
Screen Mctirid.. ............ ..fT.^-1.................. ........ Rlsar Material .

INITIAL DATA PRIOR TO DEVELOPMENT
'All measurements taken from top of riser pipe. • . . ....

Water
Sounded Bottom of Wall . . . " . T . ' . f««t
Velum* of Wotm- In WeH......Jt.)L..... gdlon*
Minimum Volume of Water to be Removed
for Development .......1.. ........ gailana

1.0. of riser pipe
Dnch]

Gallons per
foot of

0.163
0.367
0.553

1.02

All
PTLJ^fPING RECORD

T-taic«n from top oi riaep pipe.

Dote Run Start
Tim*

Finish
TTm«

Boosed
Ttme

Pumping
Ret*

[ga*/mln]

Volume
Removed

[gal] :

Draw
Down

Recharge
' Rat*
[gd/mln]

Comments

STABILIZATION TEST
All measurements taken from top of riser pipe.

Data Sample
Number ph

Tempercture
Corrected

Conductivity
[uhmot]

fempt—
naturem

Total
Volume

Removed
[gal]

Pumping
Rate

[gal/mln]
Method Comments

203 a
VOO /r

fir

'V

WATER LEVEL AFTER DEVELOPMENT
All measurements taken from top of riser pipe.

Date
Static Water Level

Sounded Bottom of Wdl After Development . ...,....(.£.< J........... . feet
\s there any sediment left at the bottom of the we*!? yesD noI
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FIELD WELL INSTALLATION DIAGRAM
STS Consultants Ltd.
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WAS SOLVENT USE3? -^3 CR NO
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010 STANOFIP* COME UP WHEN CASING WAS
YES OR $7

HOW WAS WELL DEVELOPED?

—————

OH NO
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10)

11)
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14) QIO THE WATER SMELL? YES OR NO

15) WATER LSVEL SUMMARY

r 1) DEPTH FROM T. STANOPIPS AFTER DEVELOPMENT?
r /#•* Ft or DRY

2) OTHER MEASUREMENTS;
/fl'g- 7.7
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DATE
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.F». FROM T. ST. PIPS
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'//en N

CRILLS3
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J CF?b« v FiELQ WELL INSTALLATION DIAGRAM
^3 STS Consultants Ltd.
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TIME SPENT FOR W6LL DEVELOPMENT?
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J STS Consultants Ltd.

FIELD WELL INSTALLATION DIAGRAM
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CN ÎTE SANO 9

^MATERIAL IX
C^CSS CU? .* -ifiT ^O;»'u-is. N^

{

i

V

;

1

i WELL <•
* SCREEN J
4 LSNQTH

SpXr- —— ̂ "̂ ""
^J iWW HOLS?
V YSS Ofl /VO

21

3)

4)

5)

8)

7)

3)

9)

GALVANIZES. STAINLESS.

PIPS JOINTS? _^^-
CCUPUNG3, THRiACS r

TY.E5 OF WELL SCREEN _——
GALVANIZED. STAINL3SS. OTHER

SCRESNSIZS ____L

INSTALLED PROTECTOR PIPSW.'LCCX?

WAS SOLVENT USED? ^f^ CR ̂ Np

WAS DRILLING MUO
SOUO AUGER (ggLUOW STSM AUGg5_
WATSa REVERT, SSMTCNiTS

Cfl NC

010 STANOPtg* COME UP WHEN CASING WAS PULLS--?
YES 0

COMPRESSED AIR
HOW WAS WELL OEVELC
SAILING, PUMPING,

10) TIME SPENT FOR WELL DEVELOPMENT?
.. 30min, OTHER

11) APPROXIMATE WATER VOLUM
10 gaL IS gaU

P: AOOSD?

WATia CUAfllTY BEFORE.
CLEAR. TUR8IO.

13) WATE3CLAR
CL£Afl.

ELGPMENT?

Sa OP/ELOPMENT?
OPACUE

OIOTHEWATE3SMEU-? Y5S OR NO

15) WATE3LSVEL SUMMARY

/ 1) DEPTH PROM T. STANOPIPS APTEH OF/ELCPMENT?
Ft. or DRY

2) OTHER MEASUREMENTS:

OATS /^^ 7.tf

OATS_______.____

DATE_______.____

DATE_______.____

.Ft.PROMT. ST.PIPS

.Ft PROMT. ST. PIPS

.PL MOM T. ST. =!PS

.W.WGM7.ST.PIPS

Well Mo. ft ?? l6G QATglNSTALLgD
,J f \

CR!UL== —

jce;cusNT _______
r''< ' 335 9

7 DSILL

.STSJCBNo.



STS Consultants Ltd.
FIELD WELL INSTALLATION DIAGRAM

^,r-

ON
Off

TVPSCr P!F=?

PVC. GALVANIZsS.

SU
R

FA
C

E

Cz
o
<3

2
-J
LU

O
0.

1

•

/ -

k

j<y •Hf- •

^
i

i
«

•

— »
STANOPIPS
STICK-UP

>

' CONCRETE !
, iCWM OUT rir MQT uatti '

' MOTWITS I
S

BACKFILL
MATERIAL

JofQwF

PIPE Ol A.

SCH. __ L

1 B5NJONIT2 |
r SKU cur .* NOT u«mi i

SIUCA SANO :

•
PEA GnAVSL '

coNcaerESANO J
ON-SITE SANO 9

j"**B^* • **• A *^C»^^fc^ *?( V *

KN
MATERIAL IX

C»C»1 3U? » 'iCT ?V:*<«ja N^

1

k

i
if
e.
i

0 ̂  ^v

!
' W8UL

5 SC3ESN <
4 LSNQTH q

• •

^ y« Off wo

^

CTH==

TYPE OF PIPS JOINTS?
BELLED. CCUPUNGS, r*#I£Q=^ OTHER

3)

*)
5)

6)

TYPE OF WELL SCRESN
PVC. GALVANIZED.

SCREEN SIZE &flt

OTHS."

INSTALLED PROTECTOR PIP5W/LOCX?

WAS SOLVENT USE07 YE3 OR

CR NO

7) WAS DRILUNG MUO USED?
SOUO AUGER. HOLLOW
WATER, REVERT, «neSfi=u

AUGS3,
3 fltittn StSte*

«

9)

OIO STANOPIP* COME UP WHEN CASING WAS P'JLLSO?
YES OH

COMPRESSED AIR
HOW WAS WELL DEVELOPED?
BAILING. PUMPING.

10) TtME SPENT FOR WELL DEVELOPMENT?
V 13 "I'n., 30 min., OTHER -̂

APPROXIMATE WATER VOLUME REMOVEQ OR ADDED?
SgaL, 10 gal- 13 3*1., OTHER S0_______

12) WATER CLARITY BEFORE DEVELOPMENT?
CLEAR. ̂ TGEsJd, OPAOU E

13) WATER CLAfllTJAAFTSR DEVELOPMENT?
CLEAR, ISmB, OPAQUE

U) OIO THE WATER SMELL?

15) WATER LSVEL SUMMARY

t) OEFTH FROM T. STANOPIPS AFTER DEVELOPMENT?
^______ Ft. or DRY

2) OTHER MEASUREMENTS:

DATE

DATE

DATS

DATE

T. ST. ?!PS

Fi. FROM T, ST. pip«

F1. FROM T. ST. PIPS

Ft. FROM T. ST. =!F5

GRILLE?

JOS/CLISNT

/^Z.

HBM L Blfi

OfllLLCnEW



STS Consultants Ltd.

FIELD WELL INSTALLATION DIAGR, ..VI

5.-VO CA? WITH HGL.
ON

TYPS Cr P!P=?
GALVANIZS2. STAINL=53. OTHER

- ?

S
U

R
FA

C
E

Cz
o
o
2
-t
UJ

u.a
a.

i

..5 -

.

i

7-

<

<

i

1

*

STANOPIPS
STICK-UP

>
1 CONCRETE !
, icmu our i* NOT uua '

•
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ON ÎTE SANO »
.C^CU CMC •

l̂ v
MATERIAL^ ES;

^^

\

1

\ ^^
\

1 weu,; scaeiN :
4 LENGTH

• •

^^florrowc»p
^ WITH HOLS?

3)

5)

6)

7)

8)

9)

TYPS Cr P!F = ?
?VC. GALVANIZS3.

TYPSCF PIPS JOINTS?
3SLLHD, CCUP'JNGS.

TYPE CP WELL SCREEN
PVC. GALVANIZED. OTHE3

SCREEN SIZH 4SO
INSTALLSD PROTECTOR PIPS W/LOCK?

WAS SOLVENT US50? YES CH £

WAS.ORIUJNG MUO USSD? ____ _^
SOLJO AUGeR.

C* NO

WATER, REVERf. BENTONITE

010 STANOPfPE COME UP WHEN CASING WAS ='JLL2C?
YES OR

COMPRESSED AIR
HOW WAS WELL OSVELOP.E2?
BAILING.

10) TIME SPENT FOR WELL DEVELOPMENT?
5 min., 15 min., 30 min., OTHER _

11) APPROXIMATE WATER VOLUME
OTHER

A CD S3?

12) WATER CLARITY BEPORE 08VSLOPM6NT?
CLEAR, tgflglfi? OPAOUS

13) W4I5R CLARITY APTER DEVELOPMENT?
TURBID. OPAOUE

010 THE WATER SMELL? VC3 CR -4C

IS) WATER LS /̂EL SUMMARY

, 1) O^PTH P3OM T. STANOPIPS AFTER DEVELOPMENT*
"* T__ Ft. or DRY

OTHER MEASUREMENTS;

DATS

DATS

OATS

OATS

F*. F3OM T. ST. .a!P=

Ft. FROM T. ST. ?'P=

Pt. PRCM T. ST. ?!F=

Pt. PRCM T. ST. PIPS

HATPIMSTALLSO ~*3' f 7 HHILL

0

CS/CL!SMT .STSJOBNo.y



STS Consultants Ltd.

FIELD WELL INSTALLATION DIAGRAM

SNO CAP WITH HOC:
O.V STANOPtP

tfSSCfl NQ

TYPS OF ?!PE?
PVC,

2}

.

SU
R

FA
C

E

Czao
o
2̂
^
m

u.
O

1

k

.

"1 f „

J

1

<

•

_ ^
STANDPIPS
STICK-UP

i

' CONCRETE j
I

h — • — — — £*

• * *"•

•

BACKrILL
MATERIAL

//V^**A*

PIP« OIA.

fi* wcuSEST™

L 8SNTQNITH J
r CftCSS CUT .* NOT u*JSl r

L 5IUCA SANO i;
' CMU CUT •• NOT UMOl C

*
P=A GRAVEL *

CCNCnET=SANO ^
CN-S1T5SANO >

^N
MATS^IAL ^V

^

7
31

5)

8)

I 7)

3)

9)

10]

11

12J

? U

I «,
: WSU. " r

4 SCHEsN s
4 LENGTH
; ' '

Si c*(3 TTQMCA P^

v res Ofl wo

s

TYPS CF PIPS JOINTS?
3SLLHD, CCUPLiNGS.

TYPS OF WELL SCREEN
PVC, GALVANIZED.

SCREEN SIZE .

OTHER

INSTALLED PROTECTOR PIPEW/LOCX?

8) WAS SOLVENT USED? YES CR fgS

7) WAS DRILLING MUO USED?
SOUO AUGsR.
WATER, REVERT,

Cfl NO

DID STANOPIPE COME UP WHEN CASING WAS P'JLL=3?
YES OR

HOW WAS WELL OEVELOPSL
BAIUNG, PUMPING. COMPRESSED AIR

10) TIME SPENT FOR WELL OP/ELOPMENTJ
U 30min., OTHER _

11) APPROXIMATE WATER VOLUME REMOVED Ofl AOCS2?
SgsL tQgaL I3gml« OTHER _

12) WATER CLAflmrBEFORE OP/ELOPMfiNT?
CLEAR, (Tn§g5 OPAOUE

ILARITY APTSR OSV8LOPMENT7
TURBID. OPAOUE

14) 010 THE WATER SMELL? YES OR NO

15) WATER L2VEL SUMMARY

D T. STANOPIPE APT5R OEVELGPMEN1!
Ft or CRY

2 OTHE3 MEASUfl6M£NTS;

OATE^

OATE_

DATE_

OATE_

.Ft. FSOMT. ST. PfPS

.Fl..«aCMT,ST.P'PS

.Ft. PROMT. ST. P'PS

T. ST. ?<PS

wan Me.

CRILLH3 _

} JG3/CUENT

HATS

DRILL

/

DRILL RIG

.STS JOB No.



3
i STS Consultants Ltd.

FIELD WELL INSTALLATION DIAGRAM

11
f

.^0 CAP VWfH WOL
p'p£.\
rVO

r 6.

SU
R

FA
C

E

a
3

ts
a

ÛJ
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«ĵ
*
J
;>

i

B
A

C
K

FILL
M

A
TE

R
IA

L'

+ _ 
-*- n»ni

——— K

^ 
C

O
N

C
R

E
TE

I icm
u

 our if HOT u*ia
| Hi-4*-1*??* ITil'4. •

r-i
C3

•* — H g
Oo
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from rock cores. Coring was started at depths based upon previous drilling and the
results of the seismic survey.

The till was identified mainly by the descriptive logs and the standard penetration
results. It is characterized by high blow counts (more than 40 blows/foot) and poorly
sorted sediments generally consisting of grain sizes ranging from clays to fine sand.
Blow counts were usually less than 20 blows/foot. The lacustrine sediment also
contain sand and gravel lenses up to 7 feet thick.

The lacustrine sediments are generally composed of well sorted, fine grained
sediments, ranging from clay to fine sand. Blow counts were usually less than
20 blows/foot. The lacustrine sediments also contain sand and gravel lenses up to
7 feet thick.

Two sand layers were identified within the lacustrine sediments beneath the southern
portion of the site (see Figures TM5-2 and TM5-3). The upper sand layer, referred
to as Sand Unit A, is observed at Well Nests 5 (Well MW-5e only), 7, 9, 10, 15, 17,
and 21, and at Wells MW-la, MW-12a, and MW-18e. The extent of this sand lens is
shown in Figure TM5-4. The sand observed in Wells MW-la and MW-12a appears
to be a separate lens. Sand Unit A occurs at an elevation of 1,410 feet above msl.
The lower sand layer, referred to as Sand Unit B, is seen in Well Nests 3, 5, 7, 8, 9,
14, 15, and 17 (only 5 inches), at Well MW-18e, and possibly at Well Nests 10 and 21.
This unit occurs at an elevation between 1,400 and 1,405 feet above msl. Sand
Unit B is seen in the cross sections in Figures TM5-2 and TM5-3, and its extent is
indicated in Figure TM5-5.

Other sands were observed within the lacustrine sediments in some of the wells, but
apparently they are not continuous.

Peat was observed in most of the wells. Where it was not, it was probably removed
during surface activities, such as road construction. A layer of fill overlies the peat in
a number of locations.

GLT932/094.51
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logs that may relate to the top of the till are Wells MW-2e, MW-6c, MW-13e,
MW-17e, and MW-18e.

A layer interpreted as clay was detected in eight wells (Nos. MW-2c, MW-6c, MW-9b,
MW-lOb, MW-lla, MW-12a, MW-14c, and MW-15b). The layer is identified by a
count rate of 25 to 30 cps, or about twice the level of the other soils. It was observed
at an elevation between 1,405 and 1,410 feet above msl in a number of wells, but was
not observed in all intervening wells. The clay has apparently not formed a
continuous layer beneath the site. A clay layer is interpreted in the gamma log for
Well MW-2c, but was not observed in the log for Well MW-2e just a few feet away.
Clay was not always identified in the soil log at the location of the high gamma count.

Bedrock was reported in the descriptive logs for Wells MW-2e, MW-5e, MW-13e,
MW-17e, and MW-18e. The gamma count rates in Wells MW-2e, MW-17e, and
MW-18e drop sharply to less than 5 cps at the reported bedrock contact. The soil log
for Well MW-13e identifies the top of bedrock at a depth of about 40 feet below the
surface, covered by about 4 feet of weather bedrock (to 36 feet below the surface).
The gamma log for Well MW-13e shows a decrease in the gamma count rate (from
15 to 10 cps) at a depth of 35 feet and another slight decrease (to 8 cps) at a depth
of 50 feet. It does not have the sharp decrease apparent in the other bedrock wells.
The gamma log for Well MW-5e exhibits no decrease at the reported bedrock
contact. A 1.5-foot-thick gamma low at a depth of 46 feet below the surface may be
due to a boulder or the bedrock. The absence of low gamma counts in the bedrock
at Wells MW-5e may have been terminated in a boulder zone rather than in bedrock.
No rock cores were obtained to determine the nature of the bedrock reported on the
driller's log for Well 5e.

Well 5e was logged twice; once before it had been developed, and once after
development. This was done to determine if the drilling mud had any effect on the
log. No significant differences were observed.

CORRELATION OF LTTHOLOGIC UNITS BETWEEN WELLS

The lithology at each well was interpreted from available information for each well,
including the descriptive log, the gamma log, and the standard penetration test results
from driving the split spoon. The lithologic units that have been tentatively identified
are (from the bottom up) bedrock, till, lacustrine sediments, peat, and fill.
Figures TM5-2 and TM5-3 show the lithologic cross sections. Gamma logs and
corresponding lithologic logs are included in Attachment A.

Top of bedrock was identified from the geophysical logs and from drilling activities.
Auger refusal was used to indicate the top of bedrock in borings drilled during the RI
investigation. Boulders in the till may have caused auger refusal above the bedrock.
In the drilling performed for this design investigation, top of bedrock was identified
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CKMHIti
TECHNICAL MEMORANDUM NO. 6

TO:

FROM:

PREPARED BY:

DATE:

RE:

PROJECT:

Fred Bartman/U.S. EPA,
Remedial Project Manager

Randy Videkovich/CH2M HILL, Project Manager

Jewelle Imada/CH2M HILL

February 22, 1988

Soil and Sediment Sampling (Step I)

Arrowhead Refinery
Fieldwork Design Investigation
W68802.FS

INTRODUCTION

The soil and sediment sampling investigation was undertaken to determine more
exactly the nature and horizontal and vertical extent of contaminated soil and
sediment. This memorandum includes descriptions of sampling procedures, field
observations and measurements, boring logs, and sample matrix tables for the samples
collected.

SURFACE SOIL SAMPLING

Surface soil samples were taken at 11 locations on October 26 and 27, 1987. Surface
soil sampling was performed to establish background concentrations in the soil and to
refine the lateral extent of soil contamination. The sampling results will be used to
evaluate the effects of the wastewater ditch discharge and surface runoff from the
sludge lagoon on the level of contaminants found in the surface soil.

PERSONNEL

The sampling team consisted of:

o Randy Videkovich, CH2M HILL
o Jewelle Imada, CH2M HILL
o Alan Esko, Engineers International
o Tom Hahne, PRC

Sample custody was maintained by the sampling team. The CLP paperwork was
completed by Cathy Kantowski, Engineers International.
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W68802.FS

SAMPLING LOCATIONS

The surface soil sampling locations specified in the Work Plan were selected on the
basis of previous site investigations. The sampling locations were staked 1 week
ahead of sampling. The locations are shown in Figure TM6-1 and briefly described in
Table TM6-1. The objectives of sampling for each location are given in the Work
Plan.

SAMPLING PROCEDURES

Surface soil samples were collected to a depth of 1 foot using a stainless steel spoon
or a sediment corer. The top 1 inch of soil was scraped aside before the sample was
collected. Samples to be analyzed for volatile organic compounds (VOCs) were taken
first. These samples were usually placed directly into jars using the stainless steel
spoon. If the sediment corer was used, the samples were first placed in a stainless
steel bowl and then spooned into the jars. Samples for the other analyses were
placed in a stainless steel bowl, composited, and then placed in the sample jars. The
outside of the sample jars was decontaminated and the paperwork on each sample
was completed.

The sampling equipment was decontaminated between samples by scrubbing in a
solution of trisodium phosphate and tap water, followed by a methanol rinse and a
triple rinse with distilled water. The equipment was laid on a clean plastic sheet to
dry and then placed in clean plastic bags for storage or transport to the next location.

Table TM6-1 summarizes the samples taken and field measurements made at each
location. Table TM6-2 lists the samples collected and sent for analysis. The surface
soil samples were analyzed for TCL inorganic and volatile and semivolatile organic
compounds. To facilitate evaluation of thermal treatment methods, selected samples
were also sent to be analyzed for carbon, hydrogen, sulfur, oxygen, nitrogen, ash
content, heating value, and total organic carbon. Selected samples were also sent in
to be analyzed for potynuclear aromatic hydrocarbons (PAHs) at detection levels
lower than those for the Contract Laboratory Program's Routine Analytical Analyses.

SEDIMENT SAMPLING

Sediment samples were taken at 11 locations on October 27 and 28. The main
objectives of the sediment sampling were to establish background concentrations of
the sediments, to refine the lateral extent of sediment contamination, and to define
the vertical extent of contamination. The results from this task will be used to refine
the estimates of the volume of contaminated sediment to be removed in the remedial
action.
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Table TM6-1
SUMMARY OF SURFACE SOIL SAMPLING

Sample
Number

SS87-9

SS87-10

SS87-12

Location

West of wastewater ditch
in area of dead trees,
adjacent to SS-9.

West of wastewater ditch
in area of dead trees,
adjacent of SS-10.

West of wastewater ditch
in area of dead trees,
adjacent to SS-12.

SS87-13 Adjacent to SS-13.

SS87-14 In a low-lying area drain-
ing the southeastern por-
tion of the site.

SS87-15 South of sludge lagoon,
topographically down-
gradient of the lagoon.

SS87-16 East of the wastewater
ditch, between the waste-
water ditch and the sludge
lagoon.

SS87-17 East of the wastewater
ditch, between the waste-
water ditch and the sludge
lagoon.

SS87-18 In wetland area north of
sludge lagoon and waste-
water ditch.

SS87-19 In wetland area north of
sludge lagoon and waste-
water ditch.

SS87-20 In wooded area northwest
of wastewater ditch.

HNu
Deflection2

(PPm)

None

None

0.4

1.2
(BKG 0.4)

1.6
(BKG 0.8)

0.2

0.1

0.2

0.5

0.5

0.5

Comments and Observations
Fibrous peat

Water level at ground surface.

Water level about 1 foot above
ground surface. Sample taken
with sediment corer. Oily
sheen appeared upon distur-
bance of soil.

Water level above ground
surface. Oily sheen and
petroleum odor noted.

Water level at ground surface.

Water level about Vi foot above
ground surface. Sample taken
with sediment corer. Oily
sheen appeared upon distur-
bance of soil.

Dark organic soil.

"HNu readings reponed in this table were taken of sample in the stainless steel bowl.

GLT932/018.50



Table TM6-2

SAMPLE MATRIX TABLE FOR SURFACE SOIL SAMPLES

CHJM HILL
SAMPLE NUMBER

5567-09-01

SSS7-10-01

SS87-12-01

SS87-13-01

SS87-14-01

SS67- 15-01

SS87-16-01

SS87-17-01

CRL
SAMPLE NUMBER

88HV01S13

88HV01S12

S8HV01S15

88HV01D15

88HV01S17

88HV01D17

88HV01S16

88HV01S18

88HV01018

88HV01S20

88HV01D20

88HV01S19

TRAFFIC COLLECTION
REPORT NUMBER DATE TIME

EP 344 10/26/87 1614
MEG 970
3330-E21

EP 343 10/26/87 1606
MEI 711
3330-E20
3330-E20

EP 350 10/27/87 825
MEC 976
3330-E23

3330-E45 10/27/87 825

EP 352 10/27/87 930
MEC 978
3330-E25
3330-E25

3330-E46 10/27/87 930

EP 351 10/27/87 902
MEG 977
3330-E24

EP 353 10/27/87 954
MEC 979
3330-E26
3330-E26

3330-E49 ft E60 10/27/87 954

EP 355 10/27/87 1114
MEM 458
3330-E2B

3330-E48 10/27/87 1114

EP 354 10/27/87 1050
MEM 457
3330-E27
3330-E27

a
LABORATORY

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN
WEYERHAEUSER (TOC ONLY)

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HtTTMAN

HITTMAN (LL PAHJ )

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN
WEYERHAEUSER

HITTMAN (LL PAHS)

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN
WEYERHAEUSER

WEYERHAEUSER (TOC AND INCINERATOR)

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN

HITTMAN (LL PAHS )

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN
WEYERHAEUSER

88HV01D19 3330-E47 10/27/87 1050 HITTMAN (LL PAHS)

SS87-18-01 88HV01S11 EP 342
MEI 792
3330-E19
3330-E19

10/26/87 1440 META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN
WEYERHAEUSER



Table TM6-2

SAMPLE MATRIX TABLE FOR SURFACE SOIL SAMPLES

CH2M HILL CRL
SAMPLE NUMBER SAMPLE NUMBER

SS87-19-01 88HV01S10

88HV01D10

SS87-20-01 88HV01S14

88HV01D14

FB87-05-01 88HV01S21

TRAFFIC COLLECTION
REPORT NUMBER DATE TIME

EL 337 10/26/87 1427
MEI 787
3330-E18
3330-E18

EL 338 10/26/87 1427

EP 349 10/26/87 1349
MEG 973
3330-E22

3330-E44 10/26/87 1349

EP 3S6 10/27/87 945
MEM 4S9
3330-E29
3330-E29

a
LABORATORY

META TRACE
ROCKY MOUNTAIN ANAYTICAL
HITTMAN
WEYERHAEUSER

META TRACE (ORCANICS)

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN

HITTMAN (LL PAHS)

META TRACE
ROCKY MOUNTAIN ANALYTICAL
HITTMAN
WEYERHAEUSER

F i r s t laboratory listed for organic analysis
second laboratory listed (or inorganic analysis
Third laboratory listed for low level PAHS
Fourth laboratory l i s t e d for TQC and Incinerator parameters
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PERSONNEL

The sampling team consisted of:

o Randy Videkovich, CH2M HILL
o Jewelle Imada, CH2M HILL
o Alan Esko, Engineers International
o Tom Hahne, PRC

Sample custody was maintained by the sampling team. The CLP paperwork was
completed by Cathy Kantowski, Engineers International.

SAMPLING LOCATIONS

The sediment samples were taken from three locations in the wastewater ditch, one in
the culvert south of Highway 53, and four in the EPA ditch along Highway 53; three
samples were taken in roadside locations along Highway 53 about 0.7 mile from the
site to serve as background. The sampling locations are shown in Figure TM6-1 and
briefly described in Table TM6-3. The objectives of sampling for each location are
given in the Work Plan.

SAMPLING PROCEDURES

The sediment samples were collected from two separate depths at each location; 0 to
1 foot, and 1 to 2 feet. Samples from the upper layer were taken using a stainless
steel spoon. The lower layer was sampled using a stainless steel spoon or a sediment
corer. At each location, the samples to be analyzed for VOCs were taken first. The
samples taken with the stainless steel spoon were put directly into the VOC vials. If
the sediment corer was used, the sample was first placed in a stainless steel bowl and
then spooned into the jars. Samples analyzed for the other parameters were placed
in a stainless steel bowl, composited, and placed in the sample jars. The outside of
the jars was then decontaminated and the paperwork was completed.

The sampling equipment was decontaminated between samples by scrubbing in a
solution of trisodium phospate and tap water, followed by a methanol rinse and a
triple rinse with distilled water. The equipment was laid on a clean plastic sheet to
dry and then placed in a clean plastic bag for storage or transport to the next
sampling location.

Table TM6-3 summarizes the samples taken and field measurements made at each
location. Table TM6-4 lists the samples collected and sent for analysis. Hie sediment
samples were analyzed for TCL inorganic and volatile and semivolatile organic
compounds. To facilitate evaluation of thermal treatment methods, selected samples
were sent to be analyzed for carbon, hydrogen, sulfur, oxygen, nitrogen, ash content,



Table TM6-3
SUMMARY OF SEDIMENT SAMPLING

Sample
Number

SD87-4

HNu
Deflection3

SD87-5

SD87-8

SD87-9

SD87-10

SD87-11

Location

Western section of the
U.S. EPA ditch south of
Gopher Oil.

Western section of the
U.S. EPA ditch about 15 to
20 feet from the culvert.

None

SD87-6 Culvert south of Hwy. 53.

Near discharge point for the
wastewater ditch.

Middle of wastewater ditch.
Sample taken in cattail area
east of MWZ

None

None

1.0 (0-1')
0.2 (1-2')

4.0 (0-1')
4-5 (1-2')

Approximately 15 feet north
of the southern end of
wastewater ditch.

40.0 (0-1*)
3-5 (1-2')

Western section of U.S. EPA
ditch, 5 feet west of MW3.

SD87-12 U.S. EPA ditch.

SD87-13 Roadside ditch 0.7 mile west
of the site, south of
Hwy. 53.

SD87-14 Roadside ditch 0.7 mile west
of the site, north of
Hwy. 53.

SD87-15 Roadside ditch 3/4 mile east
of the site, south of
Hwy. 53.

None

None

None

None

None

Comments and Observations

Small but noticeable flow through
culvert. 0-1 foot sample consisted
of brown sandy silt. 1-2 foot
sample was peat with brown to
black silty sand.

Some ice on the water. Approxi-
mately 6 inches of water. An oily
sheen appeared upon disturbance
of sediment

Samples consist mainly of organic
matter. Both samples appear oily
with a petroleum odor.

Both samples were oily with strong
petroleum odor. Problems getting
lower sample. Lower sample taken
by driving corer down about 2 feet,
emptying corer and redhving into
the same hole to collect the
sample.

Samples taken in level C because
of strong petroleum odor and oil
layer on water surface. Lower
sample taken by driving corer
down, empty corer, and driving into
the same hole to collect samples.
Samples very oily, sent in as
medium hazard.

Approximately 6 inches of water in
ditch.

Oily sheen appeared upon distur-
bance of sediments.

Water level about 6 inches below
ground surface.

Water at ground surface.

1 to 2 feet of peat Samples were
not saturated.

aHNu readings were taken of headspace in sample jars.

GLT932/019.50



Table TM6-4

SAMPLE MATRIX TABLE FOR SEDIMENT SAMPLES

CH2M HILL
SAMPLE NUMBER

SD87-04-01

SD87-04-02

soe7-os-oi

SO87-03-02

SD87-06-01

3087-06-02

SO87-08-01

SD87-08-02

SD87-09-01

SD87-09-02

SO87-10-01

SOS7-10-02

CRL
SAMPLE NUMBER

88HV01S34

88HV01D34

88HV01S35

88HV01530

88HV01S31

S8HV01S28

S8HV01D28

88HV01S29

88HV01D29

88HV01S38

88HV01539

88HV01S40

88HV01S41

88HV02S01

88HV02S02

TRAFFIC COLLECTION
REPORT NUMBER DATE TIME

EP 380 10/28/87 1209
MEM 483

3330-E53
3330-E33

3330-E33 ft E61 10/28/87 1205

EP 381 10/28/87 1220
MEM 484

3330-E50

EP 373 10/28/87 1020
MEM 476

3330-E40
3330-E40

EP 374 10/28/87 1023
MEM 477

3330-E41

EP 363 10/28/87 925
MEM 466

3330-E36

EP 364 10/28/87 925
MEM 467

3330-E37

EP 365 10/28/87 930
MEM 468

3330-E38

EP 366 10/28/87 930
MEM 469

3330-E39

£P 384 10/29/87 1220
MEM 487

3330-E56

EP 385 10/29/87 1228
MEM 488

3330-E54

EP 386 10/29/87 1310
MEM 489

3330-E57
3330-E57

EP 387 10/29/87 1420
MEM 490

3330-E33

3135-101 10/29/87 1310
3249-101

3155-102 10/29/87 1322
3249-102

a
LABORATORY

A A T S
ROCKY MOUNTAIN ANAYTICAL
CH2M HILL
WEYERHAEUSER

HEYERHAEUSER (TOC A INCINERATOR)

A A T S
ROCKY MOUNTAIN ANAYTICAL
CH2M HILL

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN
WEYERHAEUSER

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

A A T S
ROCKY MOUNTAIN ANAYTICAL
CH2M HILL

A A T S

ROCKY MOUNTAIN ANAYTICAL
CH2M HILL

A A T S
ROCKY MOUNTAIN ANAYTICAL
CH2M HILL
WEYERHAEUSER

A A T S
ROCKY MOUNTAIN ANAYTICAL
CH2M HILL

NANOO LABS
JTC ENVIRONMENTAL CONSULTING

NANCO LABS
JTC ENVIRONMENTAL CONSULTING



Table TM6-4

SAMPLE MATRIX TABLE FOR SEDIMENT SAMPLES

CH2M HILL
SAMPLE NUMBER

SO87-11-01

SD87-11-02

SD87-12-Q1

SD87-12-02

S087-13-01

SO87-13-02

SD87-14-01

SD87- 14-02

SD87-13-01

SO87-13-02

FB87-06-01

CRL
SAMPLE NUMBER

88HV01S32

88HV01S33

88HV01S36

88HV01S37

88HV01S26

88HV01S27

88HV01S24

88HV01S2S

88HV01S22

88HV01S23

88HV01S44

TRAFFIC
REPORT NUMBER

EP 378
MEM 481
3330-E42
333Q-E42

EP 379
MEM 482
3330-E43

EP 382
MEM 485
3330-E52
3330-E52

EP 383
MEM 486
3330-E51

EP 361
MEM 464
3330-E34
3330-E34

EP 362
MEM 469
3330-E35

EP 359
MEM 462
3330-E32

EP 360 '
MEM 463
3330-E33

EP 357
MEM 460
3330-E30
3330-E30

EP 358
MEM 461
3330-E31

EP 391
MEM 493
3330-E58
3330-E58

COLLECTION
DATE TIME

10/28/87 1130

10/28/87 1146

10/28/87 1425

10/20/87 1440

10/27/87 1510

10/27/87 1313

10/27/87 1434

10/27/87 1439

10/27/87 1355

10/27/87 1400

10/29/4.7 823

LABORATORY

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN
WEYERHAEUSER

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

A A T S
ROCKY MOUNTAIN ANAYTICAL
CH2M HILL
WEYERHAEUSER

A A T S
ROCKY MOUNTAIN ANAYTICAL
CH2M HtLL

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN
WEYERHAEUSER (TOG ONLY)

ENERGY ENVIR. ENC. INC.
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

META TRACE
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

META TRACE
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

META TRACE
ROCKY MOUNTAIN ANAYTICAL
HITTMAN
WEYERHAEUSER (TOC ONLY)

META TRACE
ROCKY MOUNTAIN ANAYTICAL
HITTMAN

A A T S
ROCKY MOUNTAIN ANAYTICAL
CH2M HILL
WEYERHAEUSER

a • F i r s t laboratory lil t e d for organic analysis
second laboratory listed for Inorganic analysis
Third laboratory listed (or low level PAHS
Fourth laboratory listed tor TOC and Incinerator parameters

A A T s - American Analytical Technical service inc.
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heating value, and total organic carbon. Selected samples were also sent in to be
analyzed for low level PAHs.

SAMPLING PROBLEMS

Problems in the sediment sampling occurred mainly in the collection of the lower
samples. The sediment corer used did not have an effective catch so samples were
often lost before they could be placed in the stainless steel bowl. The compatibility
of the upper sediment and the depth of water in some locations made the depth of
the sample difficult to estimate. The presence of a highly contaminated upper
sediment layer or the release of an oily sheen to the surface water upon disturbance
of the sediment in the wastewater ditch made it difficult to prevent cross-
contamination of the lower samples.

SUBSURFACE SOIL SAMPLING

Collection of subsurface soil samples from 12 locations began on October 12. The
objective of the sampling effort was to better define the lateral and vertical extent of
soil contamination, especially in the process area. The results of this task will be used
to refine the volumes of soil to be removed for remediation of the site.

Sampling was suspended on October 20 because of high organic vapor readings
measured with an OVA flame-ionization meter or HNu photo-ionization meter during
drilling. Six borings were drilled before sampling was suspended. However, complete
sets of samples were collected at only four locations (SO87-5B, SO87-13e, SO87-20,
and SO87-21). Drilling at Borings SO87-19 and SO87-22 had to be abandoned
because of high organic vapor readings measured during drilling.

PERSONNEL

The sampling team consisted of:

o Cindy Cruciani, CH2M HILL
o Jewelle Imada, CH2M HILL
o Jim Russell, CH2M HILL
o Bob Weinschrott, CH2M HILL
o Greg Weeks, Engineers International
o Mehdi Geraminegad, E&E
o Jerry McLane, PRC

Not all personnel were present at the site at the same time. Sample custody was
maintained by the sampling team. The CLP paperwork was completed by Cindy
Cruciani and Jim Russell. The drilling of the soil borings was subcontracted to STS
Consultants, Ltd.
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SAMPLING LOCATIONS

Subsurface soil samples were collected at six locations (two of these correspond to
monitoring well locations). The locations of the soil borings were based on the RI
results. Soil boring locations were staked out by Jewelle Imada and Dave Chrisman
(MPCA) before drilling begin. Sampling locations are shown in Figure TM6-1 and
briefly described in Table TM6-5. The objectives of sampling for each location are
given in the Work Plan.

SAMPLING PROCEDURES

Soil borings were drilled using a CME-75 rig or a Mobile B-53 drill rig mounted on
an all-terrain vehicle carrier. The borings were advanced using hollow-stem augers.
Continuous split-spoon samples were obtained from the ground surface using the
standard penetration test method. After the split spoon was opened, the sample was
logged and screened with an HNu or an OVA. Samples were placed directly into
sample jars using a stainless steel utensil.

The exterior of the jars was decontaminated and the paperwork completed. Split
spoons and other sampling equipment were decontaminated between samples with a
solution of trisodium phosphate and tap water, followed by a tap water rinse, a
methanol rinse, and a triple rinse with distilled water.

Subsurface soil boring logs are provided in Attachment A. Table TM6-5 summarizes
the samples taken and field measurements made at each location. Table TM6-6 lists
the samples collected and sent for analyses. The subsurface soil samples were
analyzed for TCL inorganic and volatile and semivolatile organic compounds.
Selected samples were sent in to be analyzed for low level PAHs. The visibly
contaminated peat and fill samples were packed for later shipment to a lab as
medium hazard samples.

SAMPLING PROBLEMS

The Work Plan had selected 12 locations for the collection of subsurface soil samples.
The higher than expected level of contamination of the subsurface soil in the process
area precluded completion of the subsurface soil investigation. Health and safety
monitoring of air in the breathing zone indicated that level B safety protection was
needed instead of level C. Borehole SO87-19 had a reading of more than 80 ppm
and borehole SO87-22 had more than 20 ppm, as measured by an OVA. The high
readings occurred while drilling through the material at depths of 1 to 6 feet.
Breakthrough in level C full face respirator protection occurred as well after only a
few minutes of cartridge use. Therefore, borings SO87-19 and SO87-22 were
abandoned for health and safety reasons. Because this level of contamination was not
expected, subsurface soil sampling was suspended.



Table TM6-S (Page 1 of 3)
SUMMARY OF SUBSURFACE SOIL SAMPLING

Boring
Number

SO87-5b

Location
Description

In process area.
Associated with
Well MW-Sb.

Sample Layer
Number Sampled

SO-05-01 Fill

SO-05-02 Peat

SO-05^)3 Lacustrine
sill

SO-05-04 Outwash

SO-05-05 Till

SO87-13e In wetland area
north of the
sludge lagoon.
Associated with
Well MW-13b.

SO 13-01 Peat

Organic
Inorganic

Organic
Inorganic

Organic
Inorganic
TOC
LLPAH

Organic
Inorganic
TOC
LLPAH

Organic
Inorganic
TOC
LLPAH

Organic
Inorganic
TOC
LLPAH

Depth
(ft bgs)

0-4 0.3-0.4

0.4

7-16

18-20

30-30.5

0.4

0.4

0.2

or OVA Readingsb

Sample1*
(PP"0

5 100
(50 ppm from

headspace
measurement*)

> 1,000*
(from headspace

measurement)

530
(50 ppm from

headspace
measurement*)

15
(50 ppm from

headspace
measurements)

0.1-2
(0.2-3.3 ppm from

headspace
measurement)

Number of
Spoons lo

Collect
Samples

8

12

02 0.2 0.2 10

Comments and Observations

Fill samples varied from wood fragments to
silly clay. Samples were black and oily.

Because of poor peat recovery with split
spoon, augers were pulled so peal samples
could be collected from the auger blades.
Peal samples were soaked with Mack oil.
Vinyl chloride drager lube taken of head-
space measured 0.3 ppm.

Switched lo mud rotary drilling to collect
these samples. Replaced 140 Ib hammer
with 300 Ib hammer at about 33 feet bgs.
Note: High HNu readings of 60 ppm in
breathing zone measured during grouting
with about 20 feel of augers in ground.
Site was evacuated and volaliles allowed lo
dissipate. Grouting resumed once readings
dropped to 0.6 ppm after about an hour.

SO 13-02 Lacustrine
sill

Organic
Inorganic
TOC
LLPAH

5-16.5 0.2 0.2



Table TM6-5 (Page 2 of 3)

Boring
Number

Location
Description

Sample
Number

SO-13-03

Layer
Sampled

Lacustrine
sands

SO-13-04 Till

SO87-19 Between Gopher
Oil and the
southern extent
of toe waste-
walcr ditch.

SO-19-01 Fill

SO87-20 In process area
just north of the
auto body shop.

SO-20-01 Fill

SO-20-03 Lacustrine-
silts

SO87-21 About 10 feet
east of north-
eastern corner
of auto body
shop.

SO-21-01 Fill

SO-21-03 Lacitttrine-
silts

Analyses8

Organic
Inorganic
TOC
LLPAH

Organic
Inorganic
TOC
LL PAH

Organic
Inorganic

Organic
Inorganic

Organic
Inorganic
IX PAH
TOC

Organic
Inorganic

Organic
Inorganic
LLPAH
TOC

Depth
(ftbgs)

HNue or OVA Readings"
Air Sample6

30-34

34-35.5

0.2

0.2

Number of
Spoons to

Collect
Samples

04 1.7-80'

0.2

0.3-0.4

40-100*

0-4 0-0.1

4-10 0

0-4 0.7-1.5'

4-10 0.5-2.5'

0.5
(400 ppm from

beadspace
measurements*)

0
(40 ppm from

neadspace
measurements*)

600 > 1,000*

lu-> 1.000'
(0 ppm from head-
space measurement

with HNu)

Comments and Observations

Driving spoon from 4-6 feet, OVA readings
were measured at 80 ppm in breathing
zone. Drillers were evacuated for
15 minutes (OVA reading 2.7 ppm). Went
back to borehole to remove split spoon and
continue drilling. Drilling stopped because
of continued high OVA readings and
breakthrough of organic vapor through
respirators. Bentonile was placed around
augers and in borehole. Augers pulled
2 days later. OVA readings in breathing
zone from 40-50 ppm were measured when
augers were removed and borehole was
grouted.

Fill samples oily. HNu reading suspected
to be unreliable because of weather
conditions.

HNu reading suspected to be unreliable
because of weather conditions.

Fill samples oily.



Table TM6 5 (Page 3 of 3)

Boring
Number

SO87-22

Location
Description

In central loca-
tion of process
area.

Sample
Number

SO 22-01

Layer
Sampled

Fill

Analyses9

Organic
Inorganic

Depth

04

HNu,. or OVA Readings"
Sample1

(ppm)

100200' > 1,000*
(HNu reading

>20 ppm)

Number of
Spoons to

Collect
Samples Comments and Observations

Drilling shut down because of high OVA
readings. Grout pour around augers and
down borehole and augers pulled.

"Indicates which analyses the samples were sent in for TCL organic compounds (volatile and semivolalile) and inorganic constituents, total organic carbon (TOC), low level PAHs.
bBoth HNu and OVAs were used to monitor drilling. Although the Site Safety Plan called for using the HNu, weather conditions made HNu readings unreliable. OVA readings are
designated with an "*."

JJThe HNu or OVA readings in air are measurements taken in the breathing zone.
The HNu or OVA readings of sample refer to measurements taken of sampk in split spoons or auger cuttings unless designated as headspace measurements.

GLT932/020.50



Table TM6-6

SAMPLE MATRIX TABLE FOR SUBSURFACE SOIL SAMPLES

CHIM HILL CRL TRAFFIC
SAMPLE NUMBER SAMPLE NUMBER REPORT NUMBER

SO87- 05-01 88HV02S03 3155-103

3249-103

S087-05-02 88HV02S04 3155-104

3249-104

S087-05-03 88HV01S05 EP 339

MEI 789

3330-EOB

3330-E08

88HV01ROS 3330-E12

S087-05-04 88HV01S04 EP 340

MEI 790
3330-E07

3330-E07

88HV01R06 3330-E13

S087-05-05 88HV01S06 EP 341

MEI 791

3330- E09

3330-E09

88HV01R04 EP 376

MEM479

3330-E11
3330-E11

SO87- 13-01 88HV01S01 EP 345

MEG 971
3330-E01
3330-E01

86HV01R01 3330-E03

S087-13-02 88HV01S02 EP 346

MEC 972
3330-E02
3330-E02

COLLECTION
DATE T 1 ME

10/12/87 1130

10/12/87 1230

10/12/87 115

10/13/87 1 1!

10/12/87 230

10/13/87 230

10/13/87 1030

10/13/87 1030

10/12/87 1000

10/12/87 1000

10/12/87 1100

LABORATORY

NANCO

JTC ENVIRONMENTAL CONSULTANTS

NANCO

JTC ENVIRONMENTAL CONSULTANTS

META TRACE

ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER

HITTMAN (LL PAHS)

META TRACE

ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER

HITTMAN (LL PAHS)

META TRACE

ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER

META TRACE

ROCKY MOUNTAIN ANALYTICAL
HITTMAN

WEYERHAEUSER

META TRACE

ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER

HITTMAN <LL PAHS)

META TRACE

ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER



Table TM6-6

SAMPLE MATRIX TABLE FOR SUBSURFACE SOIL SAMPLES

CH2M HILL

SAMPLE NUMBER

CRL

SAMPLE NUMBER

88HV01R02

TRAFFIC

REPORT NUMBER

EP 375

MEM 476
3330-E04

3330-E03

COLLECTION

DATE TIME

10/12/87 1100

LABORATORY

META TRACE
ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER

SO87-13-03 88HV01S03 EP 347

MEG 973

3330-EOS

3330-E05

10/12/87 355 META TRACE

ROCKY'MOUNTAiN ANALYTICAL
HITTMAN

WEYERHAEUSER

S087-13-04

S8HV01R03

88HV01S07

3330-E06

EP 349

MEG 974
3330-E10

3330-E10

10/12/87 355

10/13/87 1015

HITTMAN (LL PAHS)

META TRACE
ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER

S087-19-01

88HV01R07

88HV02S05

3330-E14

3155-105

3249-105

10/13/87

10/16/87

1015

1020

8

HITTMAN (LL PAHS)

NANCO

JTC ENVIRONMENTAL CONSULTANTS

S087-20-01 88HV02S06 3155-106

3249-106

10/15/87 904 NANCO

JTC ENVIRONMENTAL CONSULTANTS

SO87-20-03 88HV01S08 EP 369

MEM 472

3330-E16

3330-616

10/15/87 1000 META TRACE

ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER

SO87-21-01 88HV01S07 3155-107

3249-107

10/15/87 1310 NANCO

JTC ENVIRONMENTAL CONSULTANTS

88HV02D07 3155-108

3249-I 08

10/15/87 1350 NANCO

JTC ENVIRONMENTAL CONSULTANTS

SO87-21-03 88HV01S09 EP 372

MEM 475

3330-E17

3330-E17

10/15/87 1500 META TRACE

ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER

S087-22-01 88HV02S08 3155-108

3249-108

10/19/87 1230 NANCO

JTC ENVIRONMENTAL CONSULTANTS



Table TM6-6

SAMPLE MATRIX TABLE FOR SUBSURFACE SOIL SAMPLES

CH2M HILL

SAMPLE NUMBER

FB87-03-01

FB87-13-01

CRL

SAMPLE NUMBER

88HV01B01

8BHV01B02

TRAFFIC COLLECTION

REPORT NUMBER DATE TIME

EP 377 10/13/87 100

MEM 480

3330-E13 10/13/87 130
3330-E^S

LABORATORY
a

META TRACE
ROCKY MOUNTAIN ANALYTICAL

HITTMAN

WEYERHAEUSER

a • F i r s t laboratory listed for organic analysis
second laboratory l i s t e d for Inorganic analysis
Third laboratory l i s t e d for low level PAHS
Fourth laboratory listed for TOC
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The high level of contamination also caused problems with sending samples to the
laboratories for analyses. All the fill and peat samples from the process area were
visibly contaminated. Because the original sampling plan specified low-level RAS
analyses, the samples had to be stored until a laboratory could be found that would
accept the samples.

Selected samples were collected for evaluation of thermal treatment parameters
(carbon, hydrogen, sulfur, oxygen, nitrogen, ash content, heating value, and total
organic carbon). However, a laboratory could not be found to do the analyses so the
samples were collected and stored for later shipment.

Another problem encountered was collecting enough sample from a layer for the
specified number of analyses. This called for additional borings to be drilled and
sampled. (Seven moves were required at SO87-5b.) To avoid excessive equipment
moves, a sampling priority was recommended as follows:

1. TCL volatile organic compounds
2. TCL semivolatile organic compounds
3. Low level PAHs (if sample not visually contaminated)
4. TCL inorganic chemicals
5. TOCs (if sample not from fill or peat)
6. Thermal treatment parameters

It was decided that a maximum of two additional borings could be used for the
collection of addition sample volume. The borings were to be limited to a maximum
depth of 20 feet.

The four borings sampled after these decisions were made were not affected by the
new procedure because of the analyses specified at these locations and the visual
contamination of upper samples.

GLT932/021.51
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TO:

FROM:

PREPARED BY:

DATE:

RE:

PROJECT:

Fred Bartman/U.S. EPA
Remedial Project Manager

Randy Videkovich/CH2M HILL
Project Manager

Jewelle Imada/CH2M HILL

February 22, 1988

Groundwater and Residential Well Sampling
(Step I)

Arrowhead Refinery
Fieldwork Design Investigation
W68802.FQ

INTRODUCTION

Groundwater samples from new and existing monitoring wells and residential wells
were taken during Step I of the Fieldwork Design Investigation. The samples were
collected between November 9 and 18, 1987. The results of the investigation will be
used to refine the nature and extent of groundwater contamination and to resolve
inconsistencies between the RI data sampling rounds and differences with MPCA
analytical results. This memorandum includes descriptions of the sampling
procedures, any field observations and measurements, and sample matrix tables for
the samples collected and sent for analyses.

PERSONNEL

The sampling team consisted of:

o Randy Videkovich, CH2M HILL
o Bryan Laude, CH2M HILL
o Jeff Keiser, CH2M HILL
o Steve Keith, CH2M HILL
o Jewelle Imada, CH2M HILL
o Alan Esko, Engineers International
o Tom Hahne, PRC
o Ken Partymiller, PRC
o Jean Desruisseaux, PRC
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Not all personnel were present at the site at the same time. Sample custody was
maintained by the sampling team. The CLP paperwork was completed by Cathy
Kantowski (Engineers International) and Bobbie Hughes (CH2M HILL).

MONITORING WELL SAMPLING

SAMPLING LOCATIONS

The groundwater samples were collected from 42 new or existing monitoring wells
(see Figure TM7-1). Monitoring Well B4a was not sampled because of the high
levels of contamination detected previously.

SAMPLING PROCEDURES

Before each well was purged and sampled, a water level measurement and a well
depth measurement were taken using an electronic water level indicator
(Table TM7-1). The measurements were used to verify well depth and to calculate
the volume of water to be purged from the well.

The Sampling Plan specified that the wells be purged of five well volumes
immediately before sampling. Slow recharge to many of the wells often made this
difficult to do. Wells MW-la, B4b, MW-5a, MW-5b, MW-7s, MW-9b, MW-13a,
MW-14s, MW-14a, and MW-17e were purged dry and allowed to recover before
sampling (Table TM7-2). All of the wells were purged of five well volumes of water
with stainless steel bailers except Wells B2, MW-2e, MW-B5, MW-7c, MW-14b, and
MW-18e. Wells B2 and B5 were purged with a peristaltic pump because the wells
were too narrow for the bailer and time constraints made purging with a 1-inch bailer
difficult. However, Well B4b was bailed with a 1-inch bailer because of pump
problems. Well MW-7c was purged with a peristaltic pump because the bailer could
not pass a bend in the casing. Five well volumes could not be purged from
Wells MW-2e, MW-14b, and MW-18e because of poor recharge, so they were purged
dry, left overnight, purged dry again, and sampled once the wells recovered. The
bailers for sampling these wells were suspended in the well during recharge and used
for the purging and sampling.

Samples were collected by two teams proceeding from the cleanest wells to the most
contaminated. The sample jars were filled in the following order: VOCs with low
detection limits (if taken), VOCs, semivolatile organic compounds, metals, cyanide,
and SAS parameters (COD, TOC, alkalinity, total suspended solids, and oil and
grease). The outside of the sampling jars was then decontaminated and the
paperwork started. The samples sent for analyses are listed in Table TM7-3.

Samples to be analyzed for metals were filtered and preserved with HNO3 to a pH of
less than 2. Samples to be analyzed for cyanide were preserved with NaOH to a pH
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Table TM7-1 (Page 1 of 2)
WATER LEVELS AND DEPTH OF WELL

Well
Number

MW-la
MW-2a
MW-2b
MW-2c
B2
MW-2e

MW-3s
MW-3a
MW-3b
B4a
MW-B4b
P5s
P5b
MW-5a
MW-5b
MW-5c
MW-5e
B5
MW-6a
MW-6c
MW-7s
MW-7a
MW-7b
MW-7c
MW-8a
MW-8b
MW-9a
MW-9b
MW-lOa
MW-lOb
MW-lla
MW-12a
MW-13a
MW-13b
MW-13e
MW-14s

Depth
to Water

Below Top
of Riser

(ft)

5.43*
5.2
5.3
4.88
5.46
4.12

Depth
of Well

Below Top
of Riser
• (ft)

16.6*
10.47
27.35
40.34
10.26
36.25

HNu
Readings

(PPm)

BKG
BKG
BKG
BKG
BKG
BKG

Comments

3.93
4.37
3.88
NM
7.70
3.90
4.24
4.44
4.04
4.51
3.80
5.6
7.81
7.15
4.65
6.09
5.4
5.38
7.83
6.53
5.81*
6.08
3.94
3,67
2.92
4.75
2.94
2.13
2.15
2.65

9.4
17.30
24.13
NM
12.4
6.98

17.68
14.47
22,13
40.88
55.94
10,66
16.17
37.43
13.04
16.65
27.36
38,82
17.57
24.9
16,64*
24.6
14.4
25.67
17.3
16.22
17.01
32.64
53.6
8.11

BKG
BKG
BKG
NM
BKG
5
0,5
NM
2
BKG
BKG
4
BKG
BKG
BKG
BKG
BKG
BKG
BKG
BKG
BKG
BKG
BKG
BKG
NM
BKG
BKG
BKG
BKG
BKG

Records indicated well
depth greater than
50 feet; remeasured
before sampling; depth
of well 50.75 ft (below
top of riser)
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Well
Number

MW-14a
MW-14b
MW-14c

MW-15a
MW-15b
MW-16s
P16b
Pl7s (MPCA)
P17s
MW-17b
MW-17e
MW-18e

P21s
P21b
P22s
P23s (MPCA)

Staff
Gauges

SG1

SG2

SG3

SG4

Depth
to Water

Below Top
of Riser

(ft)

2.64
3.16
2.2

6.2
5.99
7.68
8.87
Dry
9.17
9.35
8.73
NM

4.6
4,59
3.69
NM

Gauge
Readings

(ft)
0.32

0.29

0.26

0.46

Depth
of Well

Below Top
of Riser

(ft)

16.19
27.04
33.46

16.87
26.74
14.82
27.55
9.9

NM
44.45
58.72
NM

12.02
32.31
10.4
NM

HNu
Readings

(ppm)

BKG
BKG
BKG

BKG
BKG
BKG
BKG
BKG
BKG
BKG
BKG

BKG
BKG
BKG

Comments

Well may be damaged
by soil moving

Problems with water
level indicator; well
depth measured before
sampling

Note: Staff gauge
readings may not
reflect normal water
levels. City crew
opened the hydrant
and let water run into
the U.S. EPA ditch the
same day as when staff
gauges were read.

NM = Not measured
BKG = HNu reading background

* = Readings taken from top of the protective casing

GLT932/022.50



Table TM7-2 (Page 1 of 2)
SUMMARY OF GROUNDWATER SAMPLING

Well
Number

MW-la
MW-2a

MW-2b
MW-2c
MW-2e
B2
MW-3s

MW-3a
MW-3b
B4b

MW-5a
MW-5b
MW-Sc
MW-5e
B5
MW-6a
MW-6c
MW-7s
MW-7a

MW-7b
MW-7c

MW^Sa
MW8b
MW-9a
MW-9b
MW-lOa
MW-lOb

Total Water
Purged
(gal)

8
3

10
16
—
2
6

6
10
8

5
10
17
45
5
8

30
9

10

10
17

5
15
5
8
5

10

Time Between
Purging and

Sampling
(hr)

2
0

0
0
7
0
0

0
0

0.75

1
1
0
0
0
0
0

0.5
0

2
16

NR
NR
0

0.5
0

NR

OVA or HNu Readings8

In Well From Water
(PP"0 (PP"0
BKG*

10*-> 1,000*

BKG
2-11*
30

200*-300*
BKG

BKG
BKG
NM

BKG
BKG
NM
BKG
NM
BKG
BKG
BKG
BKG

BKG
NM

BKG
BKG
BKG
1.5*
NM
BKG

BKG*
> 1,000*

BKG
BKG
BKG

200*-300*
BKG

BKG
BKG
NM

DH

7.4
6.7

7.8
7.6
8.5
6.8
7.0

7.7
8.5
7.6

Conductivity
(umhos)

250
675

200
225
250
575
625

225
250
300

BKG
3*

NM
BKG
NM

BKG
BKG
BKG
BKG

BKG
NM

BKG
BKG
BKG

2*
1.5*
25*

7.7
7.5
7.8
8.0
6.6
6.9
7.4
6.7
6.5

7.3
7.3

7.1
7.1
7.9
7.9
8.0
7.8

500
625
225
250
600
425
350
725
650

500
275

1,746
2,200

950
800

1,150
1,300

Comment and Observation

Bailed dry after 4 gal. Water red and silty.
Elevated OVA readings measured while purging;
sample taken in Level C, OVA readings 2 to
3 ppm in breathing zone.

Bailed dry after 12 gallons. Purged dry 2 days.
Purged with peristaltic pump.
Turbid; very slow recharging (1 hour to purge
6 gallons).

Turbid.
Bailed using 1-inch bailer; after waiting 45 min-
utes to sample, recharge was only enough to
take metals and cyanide samples; VOC& and
exlractable samples taken next morning.

Well had very strong odor, OVA not working.
Some silt at bottom of well.

Oily sheen observed in purge water. Odor also
noted.
Bailed dry after about 6 gallons.
Could not get bailer down well, possible bend in
casing; purged using peristaltic pump.

Purged dry after 4 gallons.
Purged dry after 5.5 gallons.
Turbid.
Poor recharge (1 hour to purge 10 gallons).



Table TM7-2 (Page 2 of 2)

Well
Number

MW-lla
MW-12a
MW-13a
MW-13b
MW-13e
MW-14s
MW-l4a

MW-14b

MW-ISc
MW-lSa
MW-lSb
MW-16S
MW-17b
MW-17e
MW-18e
FB

Total Water
Purged

7
6

30
50
7
7

15
5

10
7

32
50

Time Between
Purging and

Sampling
(hr)

NR
0

0.5
0
0
17
17

72

0
0

NR
NR
0

0.5
72

OVA or HNu Readings"
In Well From Water
(PPm) (ppm)

BKG
BKG
BKG
BKG
BKG
BKG
50*

600*

2*
BKG
BKG
BKG
BKG
BKG
BKG

BKG
BKG
BKG
BKG
BKG
BKG
0.5-30*

>100*

80*
BKG
BKG
BKG
BKG
BKG
BKG

pH

8.1
6.3
7.6
7.6
7.8
7.5
7.2

7.3

8.0
6.7
7.6
7.2
7.6

12.6
12.5
7.4

Conductivity
(umhos)

225
195
250
200
300
375
550

275

250
2,750

525
400
200

1,800
1,625

65

Comment and Observation

Turbid, silt on bottom of well.
Purged dry after 5 gallons.
Purged dry after 23 gallons.
Water clear, full recovery.

Purged dry after 5 gallons. Aromatic odor
noted.
Purged dry after 4 gallons; five well volumes not
purged, but purged dry twice and allowed to be
recharged for 2 days before sampling.
Sweet solvent odor noted.

Purged dry after 4 gallons.
Note: PVC shavings floating in purge water.

Some ben ion lie observed in purge water.
Poor recharge, purged dry 2 days.

•OVA readings are marked with an "V Readings in the well were taken by placing probe in the well casing. Readings from the water were measured
from the water in the bucket during purging of the well.

NM = Not measured
NR = Not recorded
BKG - HNu or OVA reading background

GLT932/023.50
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Tibia TM-7-3
SAMPLE MATRIX TABLE FOR CROUNDWATER SAMPLES

CH2M HILL

SAMPLE NUMBER

MW-62-03

MW-3S-01

MW-3A-03

MW-3B-03

MW-B4b-03

MW-3A-03

CRL
SAMPLE NUMBER

88HV02S01

88HV02S27

88HV02S2S

88HV02S26

88HV02S02

88HV02S42

TRAFFIC COLLECTION

REPORT NUMBER DATE TIME

EP 389 11/17/87 1135
MEK 993

EQ 119 11/12/87 1523
MER 617

EQ 117 11/12/87 1425
MER 613

EQ 118 11/12/87 1123
MER 616

EP 390 11/18/87 1350

MEK 99<

EQ 133 11/16/87 1306

MER 632

a
LABORATORY

Hazieton Laboratories
Ensenco corporation

spectr ix corporation
Ensenco corporation
Spectr ix * Cal i f . water
centec Analytical services
central Regional Laboratory

spectr ix corporal ion
Ensenco corporation
spectr Ix a cal i f . water

spectr ix corporal ion
Ensenco corporation

Hazieton Laboratories
Ensenco Corporation

Hazieton Laboratories
Ensenco corporation
Centec Analytleal services (4th)
Central Regional Laboratory (stn)

MW-SA-03 88HV02D42 11/16/87 1506 centec Analytteal services (4th)
Central Regional Laboratory (5th)

MW-SB-01 88HV02S43 EQ 137
MER 634

11/16/87 1333 Hazieton Laboratories
Ensenco corporation
spectr ix ft southwest
centec Analytical services
cantrit Regional Laboratory

MW-5C-03 88HV02S06 EP 395
MEM 495

11/10/87 1613 Spectr ix corporal ion
Ensenco corporation
centec Analytical service) <<tm
central Regional Laboratory cstri)

MW-SE-01 88HV02S44 EQ 136

MER 633
11/16/87 1505 Hazieton Laboratories

Ensenco corporal ion
Spectrix a southwest
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Table TM-7-3
SAMPLE MATRIX TABLE FOR CROUCWATER SAMPLES

CH2M HILL
SAMPLE NUMBER

CRL
SAMPLE NUMBER

TRAFFIC

REPORT NUMBER
COLLECTION

DATE TIME LABORATORY

MW-BS-03 68HV02S46 EQ 139

MER 636
u/17/87 1133 Hazleton Laboratories

Ensenco Corporation
Centec Analytleal services (4th)
central Regional Laboratory (sen)

MW-6A-03 66HV02S12 EQ 215 ii/ii/87 loss spectrjx corporation
MER 600 Enienco corporation

spectrlx * c a l i f . water
centec Analytical services
Central Regional Laboratory

MW-6C-03 68HV02S13 EQ 103

MER 601

11/11/87 1020 Spectrix corporation
Enienco corporation
Spectr ix » Cali f. Mater
Centec Analytical Service*
Central Regional Laboratory

MW-7A-03 88HV01SO3 EP 391
MEK 997

11/10/87 1513 soectr ix corporal ion
Ensenco corporal ion
Centec Analytical services (4th)
central Regional Laboratory (sth)

MW-7A-03 88HV02D03 EP 392
MEK 996

11/10/87 1515 Spectrix corporal ion
Ensenco corporation

MW-7B-02 88HV02S33 EQ 125
MER 623

11/13/67 1125 soectrix corporation
Ensenco corporation
centec Analytical services (4th)
central Regional Laboratory (sth)

MW-7C-02 88HV02S45 EQ 136
MER 635

n/17/67 920 Hazleton Laboratories
Enienco corporation
soectrtx * southwest

MW-7S-01 68HV02S04 €P 393 n/io/67 1500 spectrix corporal ion
MEK 999 Ensenco Corporation

centec Analytical services (4th)
central Regional Laboratory (Sth)

MH-6A-03 68HV02S03 EP 394 n/io/87 1110 Spectrix corporation
MEM 494 Enienco corporation

MW-68-01 66HV02S06 EQ 211 n/io/67 1130 speclfix corporation
MEM 497 Ensenco corporation



Table TM-7-3

SAMPLE MATRIX TABLE FOR CROlKWATER SAMPLES

page 3 of s.

CH2M MILL CHL TRAFFIC COLLECTION

SAMPLE NUMBER SAMPLE NUMBER REPORT NUMBER DATE TIME

MW-9A-02 S8HV02S22 EQ 113 11/12/87 1040
MER 613

MW-98-02 86HV01S23 EQ 116 11/12/87 1100

MER 614

MW-10A-02 88HV02S20 EQ 112 11/12/67 93S
MER 6 10

MW-10B-02 86HV02S21 EQ 113 11/12/87 1015

MER 611

MW-11A-03 80HV02S16 EQ 104 11/11/87 1130

MER 602

MW-12A-03 88HV02S24 EQ 114 11/11/87 900

MER 612

MW-12A-03 86HV02O24 MER 604 11/11/87 900

MW-13A-03 88HV02S10 EQ 21S 11/11/87 1230

MEM 603

MW-13A-03 88HV02010 EQ 106 11/11/87 1230

MW-13B-01 88MV02S11 EQ 109 11/11/87 1130

MER 607

MWM3E-01 88HV02S14 EQ 214 11/11/87 1130
MEM SOO

a
LABOR ATORV

sped rlx corporation
Ensanco corporation
sp«ctr Ix ft Cal i f . water

spectr Ix corporal ion
Ensenco Corporal ion
spectrix * cal if water

spectrlx corporation
Ensenco corporation
spectr fx ft cai if . water

Spectrlx Corporation
Enienco corporation
spectrlx ft cai if . water

spectr Ix corporat ion
Enienco corporation
spectrix ft cat i f . water

spectr fx corporat ion
Enienco Corporation
spectr Ix » cai i f . water

Ensenco corporation (2nd)

Spec t r i x corporation
Ensenco corporation
spectr ix * cai I f . water

Spectr ix corporat ion

Spectr tx corporat ion
Ensenco Corporation
Spectrix ft cai if . water
centec Analytical services
central Regional Laboratory

spectrfx corporation
Ensenco corporation
Spectrlx 4 calif. water
centec Analytical services
Central Regional laboratory
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Table TM-7-3
SAMPLE MATRIX TABLE FOR CROUNDWATER SAMPLES

CH2M HILL

SAMPLE NUMBER

MW-14A-03

MW-148-03

MW-14C-02

MW-14S-01

(-13A-02

MW-13A-02

MW-15B-02

MW-16S-01

MW-17B-01

CRL

SAMPLE NUMBER

88HV02S20

8BHV02S29

80HV02S30

88HV02S31

68HV02S37

80HV02O37

88HV02S38

85HV02S17

68HV02S18

TRAFFIC

REPORT NUMBER

EQ 121
MER 619

EQ 122
MER 620

EQ 120
MER 616

EQ 123

MER 621

EQ 120
MER 626

EQ 132

M£R 630

EQ 132
MER 630

EQ 108
MER 606

EQ 110
MER 608

COLLECTION
DATE TIME

11/13/87 930

11/16/87 1010

11/12/87 1435

11/13/87 900

11/16/07 1055

11/16/67 1055

11/16/07 1450

11/t1/87 1522

11/11/87 1600

LABORATORY

spectrix corporation
Ensenco corporation
Spectr ix ft Cali f. water
centec Analytical services
central Regional Laboratory

Hazleton Laboratories
Ensenco corporation
centec Analytical services
central Regional Laboratory
Spectr ix ft calIf. water .

spectr ix corporation
Ensenco corporation
spectrix ft c a l i f , water

spectr ix corporation
Ensenco corporation
centec Analytical services
Central Regional Laboratory
Spectr ix ft cali r. water

Hazleton Laboratories
Ensenco corporation
spectrix ft Southwest
centec Analytical Services
Central Regional Laboratory

Hazleton Laboratories
Ensenco Corporation

Hazleton Laboratories
Ensenco corporation
centec Analytical services
Central Regional Laboratory
spectrix ft southwest

spectrix corporation
Ensenco Corporation
spectr ix ft cali f. water

Spectr ix corporal ion
Ensenco corporation
Spectr ix ft calIf. water
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Table TM-7-3
SAMPLE MATRIX TABLE FOR GROUND*ATER SAMPLES

CH2M HILL CRL TRAFFIC COLLECTION
SAMPLE NUMBER SAMPLE NUMBER REPORT NUMBER DATE TIME

MW-17E-01 88HV02S19 EQ 111 11/13/87 920
MER 609

MW-18E-01 88HV02S36 EQ 127 11/16/87 900

MER 629

FB-01-01 80HV02S07 EQ 210 11/10/87 1910
MEM49*

FB-02-01 86HV02S19 EQ 213 11/11/87 1019
MEM 499

36-03-01 88HV02S39 EQ 134 11/16/87 1015

F8-04-01 88HV02S41 EQ 133 11/16/87 1410

MER 631

a
LABORATORY

spectr ix Corporation
Enienco corporation
sp«ctrix * cal i f , water

Hazleton Laboratories
Enienco corporation
spectrix a southwest

SD«trlx corporation
Ensenco corporation

Spectrix corporation
Ensenco Corporation
Spec t rix a call f . water

spectr Ix (3rd)

Hazleton Laboratories
Ensenco corporal ion
spectrix a southwest

a « F i r s t laboratory listed for organic analysis
second laboratory listed for inorganic analysis
Third laboratory listed for cooi. TOCs. TSSs and ALKS
Fourth laboratory listed for oil * grease
Fifth laboratory listed for LOW L*v«1 vocs and PAHS
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of more than 12. The samples taken for COD, TOC, and oil and grease analyses
were preserved with H2SO4 to a pH of less than 2.

Samples were also collected to measure pH and conductivity in the field
(Table TM7-2). Temperature was not measured because of the length of time
between sampling and actual measurement at the trailer.

The sampling equipment was cleaned between wells by scrubbing with a solution of
trisodium phosphate and tap water, followed by a methanol rinse and a final triple
rinse with distilled water. The bailers were laid on a clean plastic sheet to dry and
then placed in a clean plastic bag for storage or transport to the next sampling
location. The stainless steel wire was initially soaked in a solution of methanol and
distilled water, and was rinsed three times with distilled water before use. A new
length of wire was used at each sampling location.

Replicates were taken of groundwater samples from Wells MW-13a (organics),
Mw-12a (inorganics), MW-5a (SAS parameters), MW-15a (organics and inorganics),
and MW-7a (organics and inorganics). Field blanks were collected by filling a
decontaminated bailer used for sampling with distilled water and transferring the
water to the sample containers. Bottle blanks for VOC analyses were taken by
pouring HPLC grade water directly into the VOC vials.

RESIDENTIAL WELL SAMPLING

SAMPLING LOCATIONS

Residential well samples were collected at 13 locations selected by the U.S. EPA
(Figure TM7-2). After the are initially contacted by U.S. EPA, the residents are
contacted again by the sampling team and the approximate time of sampling
determined.

SAMPLING PROCEDURES

Samples from residential wells were taken as close to the wells as possible.
Groundwater samples were taken from faucets or from the residential wells (see
Table TM7-4), preferably upstream of any filters, water softeners, or other online
water treatment systems. The wells were allowed to run for at least 10 minutes
before sampling. Samples were collected directly into the sample jars.

Samples were collected by two teams. The sample jars were filled in the following
order: VOCs with low detection limits, VOCs, semivolatile organic compounds,
metals, cyanide, and mercury. The samples sent for analyses are listed in
Table TM7-5.
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Table TM7-4
SUMMARY OF RESIDENTIAL WELL SAMPLING

Residential
Well Number

RW001

RW002

RW003

RW004

RW006

RW007

RW008

RW010

RW011

RW012

RW013

RW014

RW015

Owner

Trunk

Ugstad

iller Trunk

 Ugstad

 Road

d

 Road

 Ugstad

 Rose Road

 Ugstad

unk

Conductivity Location
pH (umhos) Sample Taken
7.5

7.6

7.4

7.4

7.8

7.9

7.0

6.7

7.7

6.9

6.9

7.5

7.1

350

250

475

250

550

200

650

575

300

675

700

150

350

From well

Outside faucet

Outside faucet

Outside faucet

Outside faucet

Outside faucet

Outside faucet

Outside faucet

Outside faucet

Outside faucet

Inside faucet

From well

Outside faucet

GLT932/025.50
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Tabl« TM-7-5
SAMPLE MATRIX TABLE FOR RESIDENTIAL HELL SAMPLES

CH2M HILL CRL TRAFFIC COLLECTION
SAMPLE NUMBER SAMPLE NUMBER NUMBER DATE TIME

RW-01-03 8SHV02S36 EQ 144 11/18/87 1034

MER 641

RW-02-03 68HV02S38 EQ 133 11/16/87 1430

MER 630

RH-03-03 88HV02S59 EQ 130 11/18/87 J430

MER 647

RW-04-03 88HV02S31 EQ 131 11/18/87 932
MER 642S

RW-06-03 88HV02S33 EQ 149 11/18/87 930

MER 646

RW-07-03 88HV02S3S EQ 143 11/18/87 1010

MER 640

RW-08-03 88HV02S30 EQ 142 11/18/87 845

MER 639

RW- 10-03 B8HV02S47 EQ 140 11/17/87 1333

MER 637

RW-11-03 B8HV02S54 EQ 141 It/16/67 930

MER 638

RH- 11-03 68HV02S49 EQ 143 11/18/87 820

MER 642

RW- 13-03 88HV02S32 EQ 132 11/16/87 910
MER 649

a
LABORATORY

southwest Laboratory of OK inc.
Associated Laboratories inc.
southwest Laboratory of OK inc.

southwest Laboratory or OK inc.
Associated Laboratories inc.
southwest Laboratory or OK inc.

Southwest Laboratory of OK inc.
Associated Laboratories inc.
southwest Laboratory of OK inc.

southwest Laboratory of OK inc.
Associated Laboratories inc.
southwest Laboratory of OK inc.

southwest Laboratory or OK inc.
Associated Laboratories inc.
southwest Laboratory or OK inc.

Southwest Laboratory or OK me.
Associated Laboratories inc.
southwest Laboratory or OK inc.

southwest Laboratory or OK inc.
Associated Laboratories inc.
southwest Laboratory or OK inc.

southwest Laboratory or OK inc.
Associated Laboratories inc.
southwest Laboratory of OK inc.

southwest Laboratory or OK inc.
Associated Laboratories inc.
Southwest Laboratory of OK inc.

Southwest Laboratory of OK inc.
Associated Laboratories inc.
Southwest Laboratory of OK inc.

southwest Laboratory of OK inc.
Associated Laborator ies inc.
southwest Laboratory of OK inc.
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Table TM-7-5
SAMPLE MATRIX TABLE FOR RESIDENTIAL WELL SAMPLES

CH2M HILL

SAMPLE NUMBER

CRL

SAMPLE NUMBER

RW-14-03 88HV0255?

TRAFFIC
NUMBER

£Q 146

MER 643

COLLECTION
DATE TIME LABORATORY

11/18/87 1320 Southwest Laboratory or OK me
Associated Laboratories inc.
southwest Laboratory of OK me

RW-15-03 88HV02S60 6Q 148
MER 645

11/18/87 1632 southwest Laboratory of OK me
Associated Laboratories inc.
southwest Laboratory of OK inc.

FB-05-01 88HV02S46 EQ 147
MER 644

11/18/87 835 Southwest Laboratory of OK me
Associated Laboratories inc.
Southwest Laboratory or OK me.

a • F i r s t laboratory listed for organic analysis
second laboratory listed for inorganic analysis
Third, laboratory listed For LOW Level PAHS and vocs
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Samples analyzed for metals were filtered and preserved with HNO3 to a pH of less
than 2. Samples to be analyzed for cyanide were preserved with NaOH to a pH of
more than 12. Samples to be tested for mercury were preserved with 20 ml of a 25
percent HNO3 and 2.5 percent K2Cr2O7 solution.

Samples were also collected to measure pH and conductivity in the field (see
Table TM7-4). Temperature was not measured because the length of time between
the sampling and actual measurement at the trailer.

Field blanks were collected by pouring distilled water directly into the sample
containers.

GLT932/024.51



CHMHIil
TECHNICAL MEMORANDUM NO. 8

TO: Fred Bartman/U.S. EPA
Remedial Project Manager

FROM: Randy Videkovich/CH2M HILL
Project Manager

PREPARED
BY: Daniel J. PIomb/CH2M HILL

DATE: March 2, 1988

RE: Variable Head Testing

PROJECT: Arrowhead Refinery
Fieldwork Design Investigation
W68802.FI

INTRODUCTION

Aquifer tests were conducted at the Arrowhead Refinery site between December 14
and 17, 1987. In situ hydraulic conductivities of soil near groundwater monitoring
wells and piezometers were measured using variable head (slug) tests. Testing
included wells and piezometers installed for the Fieldwork Design Investigation and
selected wells from earlier phases. 'Die locations of the wells and piezometers tested
are shown in Figure TM8-1. This memorandum describes test methods, data
evaluation procedures, test results, and data limitations.

VARIABLE HEAD TESTING

Variable head (slug) tests are single well tests performed to estimate hydraulic
conductivity in the vicinity of a well screen by the addition or removal of a known
volume of water. The rate at which the water level in the well recovers is measured
and used to estimate hydraulic conductivity.

The tests conducted at the Arrowhead Refinery site were "rising" head tests. A
known volume of water was displaced from the well to lower the water level. Data
were collected while water levels rose during well recovery. Tests were performed by
Dan Plomb, Jewelle Imada, and Jeff Keiser of CH2M HILL.

Two methods were used to remove water from wells. The preferred method, using a
nitrogen slug, consisted of displacing water from the well with nitrogen gas. The
method is preferred because contact between potentially contaminated well water and
test equipment and personnel is minimized. The method also reduces the possibility
of cross-contamination of well water when test equipment is moved between several
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different wells. Use of the nitrogen slug method is limited to wells in which a
sufficient volume of water can be displaced from the riser piping without lowering the
water level below the top of the well screen. Because nitrogen gas would leak
through the screen, it is not physically possible to use this method when the water
level goes below the top of the screen. The alternative method, using a PVC slug to
displace well water, was used when the screened interval was close to or straddled the
water table, or when the location of the well prevented the use of the nitrogen slug
method. This method was used at monitoring Wells MW-8b and Piezometers P-21s,
P-21b, and P-22s.

The tests performed were evaluated using Hvorslev's method (Cedergren, pp. 66-76;
originally presented in U.S. Department of the Army, Corps of Engineers, 1951). The
following sections describe the test and data reduction methods used at the
Arrowhead Refinery site.

NITROGEN SLUG METHOD

The test assembly used to displace well water using nitrogen gas is shown in
Figure TM8-2. A well head assembly was attached to the top of the riser pipe. A
gasright seal between the assembly and riser pipe was obtained with an expandable
rubber fitting at the base of the assembly. The well head assembly contains gastight
ports for connecting two pressure transducers, a fitting for attaching a pressure
regulator, and a vent valve.

The pressure transducers are connected to a data logger. Transducer No. 1 measures
total head, which is the sum of the elevation head and pressure head above the
transducer. Transducer No. 2 measures the pressure head resulting from the nitrogen
gas. In addition to recording head values at discrete time intervals for later analysis,
the data logger is programmed to calculate hydraulic conductivity directly in the field
using simplifying assumptions regarding aquifer geometry. Therefore, a quick field
check on the validity of the data is possible prior to disassembling the equipment

After the initial water level is noted (prior to pressurizing the system) a column of
nitrogen is then placed in the riser pipe. Because the units of the data logger readout
are measured in feet of water, the equivalent water height due to the nitrogen
pressure head is read directly from transducer No. 2. The amount of pressure head
placed in the well is such that water will be displaced at least 3 to 5 feet, but not
below the top of the screen. Pressure is controlled by regulators in the nitrogen
supply line. The pressure head forces water from the riser casing into the
surrounding soil. As the water level in the well decreases under a constant pressure
head, the total head (transducer No. 1) decreases. Eventually, total head will return
to the initial head value (initial water level), except that now die total head above
transducer No. 1 includes the pressure component from the nitrogen gas. At this
point the test is started by opening the vent valve to remove the pressure head by
depressurizing the system and by starting the data logger. In effect, this is equivalent
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to instantaneously removing a column of water equal to the volume of water
displaced by the gas. Water levels are then recorded with time as they recover.

PVC SLUG METHOD

In theory, the PVC slug method is identical to the nitrogen slug method, except that a
PVC slug rather than nitrogen gas is inserted in the well to displace the water. The
solid PVC slug is inserted into the well, and the water level is allowed to equilibrate.
Once the water level has equilibrated, the slug is quickly removed and water level
recovery is measured manually over time. This procedure was used only at one well
and three piezometers, all of which exhibited slow recovery.

DATA EVALUATION

A complete discussion of the method and definition of terms is presented by
Cedergren. Hydraulic conductivities for each test were calculated using a spreadsheet
developed by Jonathan Freese, CH2M HILL, for use on Symphony. The equation
used to calculate hydraulic conductivity is:

„ r* In (L/R)
x ~ 2LT '

where:

K = hydraulic conductivity
r = well radius
R = borehole radius
L = screen length
T0 = basic time lag, determined graphically as the time at which relative

recovery is equal to 0.37, or the ln((H-h)/(H-H0)) = -1 in which H0 is the
initial water level.

RESULTS

Test results are summarized in Table TM8-1 and data plots are included in
Attachment A. Testing at MW-3s produced erratic data without due explanation,
while elsewhere data appeared relatively sound as seen by the low standard
deviations. Hydraulic conductivities observed during this phase of testing ranged from
3.53 x 10'2 to 4.01 x 10'5 cm/s. Raw data and data reduction notes are stored in the
Arrowhead Refinery site files at CH2M HILL, Milwaukee office.



Table TM8-1
SUMMARY OF SLUG TEST RESULTS

Hydraulic Conductivity (cm/s)
Well

Number

MW-3s

MW-5a

MW-5b

MW-5e

MW-5s

P-5b

MW-7a

MW-7b

MW-7s

MW-8b

MW-14a

MW-14s

MW-16s

MW-16b

MW-17s

MW-17b

P-21s

P-21b

P-22s

Test 1

3.09 x 10-4

3.53 x 10'2

7.45 x 10'5

2.18 x 10-*

3.16 x 10-4

5.50 x 10-4

1.69 x 10-4

5.99 x 10-4

1.36 x 10-4

1.07 x 10-4

3.55 x 10-4

3.17 x 10'5

9.54 x 10*

1.68 x 10'2

1.78 x 10-4

6.83 x 10*5

8.92 x 10'5

2.89 x 10-4

Test 2

DATA NOT VALID

3.65 x 10-*

3.52 x lO'2

8.35 x lO'5

5.97 x 10'5

3.09 x 10-*

3.98 x 10-4

5.01 x 10-4

7.29 x 10-4

1.19 x 10-4

1.39 x 10"*

2.62 x 10-1

5.08 x lO'5

8.50 x 10-4

1.88 x 10'2

2.31 x lO'3

9.79 x 10'5

1.11 x 10-4

3.03 x 10"*

Logarithmic
Average

3.36 x 10-*

3.53 x lO'2

7.89 x 10-5

1.14 x 10-*

3.12 x 10-*

4.68 x 10-*

2.91 x 10-4

6.61 x 10A

1.27 x 10-4

1.22 x 10-*

3.05 x 10-*

4.01 x 10'5

9.01 x 10-*

1.77 x lO'2

2.03 x 10-*

8.18 x lO'5

9.97 x lO'5

2.96 x 10-*

GLT932/026.50
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DATA LIMITATIONS

The following assumptions are inherent in the theoretical development of Hvorslev's
method for analyzing slug test data:

o Drawdown of the water table around the well is negligible
o Flow in the unsaturated zone can be ignored
o Well losses are negligible
o The aquifer is homogeneous and isotropic

The first three assumptions are probably satisfied at the Arrowhead Refinery site, but
the shallow aquifer is neither homogeneous nor isotropic. The data, however, do
provide averages of the hydraulic conductivities for the aquifer material near the
tested well or piezometer. By comparing the values of hydraulic conductivity
obtained, the vertical and horizontal variability of the aquifer is demonstrated.

REFERENCES

Cedergren, Harry R. Seepage, Drainage and Flow Nets. New York: John Wiley &
Sons, Inc. 1977.

U.S. Department of the Army, Corps of Engineers. Time Lag and Soil Permeability in
Ground-Water Observations. Bulletin No. 36. Waterways Experiment Station.
Vicksburg, Mississippi. 1951. (Written by M. Jull Hvorslev.)

GLT932/027.51
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Aquifer Slug Test #2 (Rising Head) at MW-B7-3S; 47 data points
= 3.515E-Q3 /aec; 50 = B.4B 1 of (H-Hn}; K = -6.723E-G4 cm/as:
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Aquifer Slug Teat #1 (Rising Head) at MW—5e; 75 data points
Sbao = -S.489E-04/BBC; 50 = 0.43 X of ty-Ha|; K = 7.452E-05 cm/at
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Aquifer Slug Teat #2 (Rising Head) at MW—5e; 133 data points
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Aquifer Slug Test #1 (Rising Head) at MW-p-5b ; 115 data points
Ship = -3.157E-03 /BBC; SO = 1.01 S of Ql-Ho}; K = 3.1B5E-04 cm/ai
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Aquifer Slug Test #1 (Rising Head) at MW-B7-7S; 125 data points
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Aquifer Slug Test #1 (Rising Head) at MW-B7—Bb; 97 data points
SbpB = -9.Q48E-04/BBC; SD = 3.87 S of fll-Ha}; K = 1.35BE-04 cm/aac
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Aquifer Slug Test #1 (Rising Head) at MW-14A 95 data points
Sb[» = -4.759E-04 /BBC; SO = 1.05 % of Ql-Ho>; K = 1.QBEE-D4 cm/aBc
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Aquifer Slug Test #1 (Rising Head) at MW-S7-16S; 156 data points
= -a.334E-04 /BOC; SO = D76 % of (H-Hn}; K = 3.1GBE-05
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Aquifer Slug Teat #1 (Rising Head) at MW-B7-16B; 101 data points
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Aoufrer Slug Test #1 (Rising Head) at MW-P87-17S; 132 data point
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Aquifer Slug Test $1 (Falling Head) at MW-p21sf; 25 data points
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'Aquifer Slug Teat #1 (Falling Head) at MW-p22s1 f; 25 data points
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TECHNICAL MEMORANDUM NO. 9

TO: Fred Bartman/U.S. EPA

FROM: Randy Videkovich/CH2M HILL

PREPARED BY: Barbara Grundl/CH2M HILL

DATE: May 16, 1988

RE: Pump Test Issue in Process Area

PROJECT: Arrowhead Refinery
Fieldwork Design Investigation
GLO68802.R8

The Record of Decision (ROD) issued on September 30, 1986, specified the
groundwater remedial response including:

o A system of parallel drains to remove contaminated groundwater from
the fill and peat

o A line of 12 wells along the southern boundary of the site to prevent
contaminated groundwater from the deeper sediment to leave the site

o Four additional wells in the process area where contaminated soil is
excavated

The ROD also required that additional design investigations be conducted to refine
the groundwater remedy. Pump tests were recommended by the U.S. EPA and the
MPCA to better define the parameters influencing the design of the groundwater
extraction system. The pump tests were to be performed in the process area to
characterize flow in and yield from the deeper layers. This information would be
used to optimize the extraction well system proposed for this area. The data would
be in addition to the hydraulic conductivities obtained from in situ slug testing from
August 16 to 23, 1987. In January 1988, CH2M HILL suggested that pump testing be
postponed until additional characterization of the chemical quality of the soil,
sediment, and groundwater was available. Potential negative impacts of pump testing
efforts could then be assessed and the usefulness and feasibility could be determined.
The agencies agreed to this approach.

From October 26 to November 18, 1987, additional chemical data were collected for
soil, sediment, and groundwater as part of Step I of the Fieldwork Design
Investigation. The results of the surface/subsurface soil, sediment, and groundwater
sampling in the process area near Well Nest 5 showed that most of the chemical
constituents were present in the groundwater and were VOCs. The most prevalent
VOCs were vinyl chloride (1,100 jig/1), trans-l,2-dichloroethene (270 ug/1),
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1,1,1 trichloroethane (340 ng/1), toluene (340 |ig/l), ethylbenzene (391 jxg/1), and total
xylenes (240 jig/1). They were found in samples from wells screened in the fill and
peat layers close to the surface. Results from samples collected from deeper intervals
were below CLP contract required detection limits for the same compounds. Thus,
contaminants found in the groundwater are limited to the fill and peat layers.

Obtaining information through a pump test about the flow characteristics of the
morainal deposit (about 1,382 to 1,410 feet above mean sea level) could cause a
negative impact on the quality of the groundwater. The VOCs (solvents and benzene,
toluene, and xylenes) have not migrated vertically beyond the fill and peat layer, but
pump testing would provide a pathway for the contaminants to migrate vertically to
deeper layers. Therefore, pump testing should not be performed in this water
bearing unit

An evaluation of groundwater extraction wells performed during the Feasibility Study
(FS) indicated that the production capabilities of the fill and peat are not significant
enough to justify the installation of an extraction well in this water bearing unit The
extraction method proposed in the FS for the removal of contaminated groundwater
from the shallow units was a system of parallel drains. Thus, it is recommended that
no pump testing in the process area be performed.

GLT932/028.51
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TECHNICAL MEMORANDUM NO. 10

TO:

FROM:

DATE:

RE:

PROJECT:

Fred Bartman/U.S. EPA
Remedial Project Manager

Randy Videkovich/CH2M HILL
Project Manager

John Gannon/CH2M HILL

May 11, 1988

Groundwater Sampling (Step II)

Arrowhead Refinery
Fieldwork Design Investigation
GLO68802.FQ

INTRODUCTION

Groundwater samples were collected during Step II of the Fieldwork Design
Investigation between May 2 and 10, 1988. This memorandum describes the sampling
procedures, field observations and measurements, and sample matrix tables for the
samples collected.

PERSONNEL

The sampling team consisted of:

o Jewelle Imada, CH2M HILL
o Jeff Keiser, CH2M HILL
o John Gannon, CH2M HILL
o Joanne Holzheimer, EWA
o Kirn Paulisch, EWA
o Alan Esko, Engineers International
o Cathy Kantowski, Engineers International

Not all personnel were present at the site for the entire sampling effort. The
sampling team maintained sample custody. The CLP paperwork was completed by
Cathy Kantowski.
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SAMPLING LOCATIONS

Samples were collected from 40 monitoring wells (Figure TM10-1). Monitoring wells
B4a and B5 were not sampled because of consistently high levels of contamination
detected in earlier sampling rounds. A groundwater sample was not collected from
MW-18e because of visible bentonite contamination.

SAMPLING PROCEDURES

Water levels and well depths were measured before the wells were purged to
calculate the purge volume for the well. Water levels were measured on April 28
before the sampling began. The water level readings were approximately the same as
those taken during the Step I sampling, so the purge volumes remained the same
(Table TM10-1).

The Sampling Plan required that the wells be purged of five well volumes
immediately before sampling. Slow recharge of many of the wells often made purging
difficult Wells MW-3s and MW-7b were purged dry before five well volumes had
been collected and were allowed to recover to complete purging and sampling. All of
the wells were purged of five well volumes except Wells MW-2e, B4b, MW-14b, and
MW-15b, which were purged dry twice and sampled upon recovery because of poor
recharge. Groundwater samples collected for the analysis of volatile organic
compounds (VOCs) were always collected as soon as there was enough water in the
wells to do so.

Samples were collected by two teams, beginning with the cleanest wells. The sample
bottles were filled in the following order: VOCs with low detection limits (if taken),
VOCs, polynuclear aromatic hydrocarbons (PAHs) with low detection limits (if
taken), semivolatile organic compounds, unfiltered metals, cyanide, and filtered
metals. Whenever possible, only one 40-ml vial was filled for VOC analyses per
bailer of water. The excess water was used to fill the remaining bottles. The outsides
of the bottles were then decontaminated. Attachment A is a sample matrix table.

All metal samples were preserved with HNO. to a pH of less than 2. Samples to be
analyzed for cyanide were preserved with NaOH to a pH of more than 12. Samples
were also collected to measure pH, conductivity, and temperature of each sample
location in the field (Table TM10-1).

The sampling equipment was cleaned between wells by scrubbing with a solution of
trisodium phosphate and tap water, followed by a methanol rinse and a final triple
rinse with distilled water. The bailers were placed in clean plastic bags for storage or
transport between sampling locations. The stainless steel wire was soaked in a
solution of methanol and distilled water and was triple rinsed with distilled water.
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Table TM10-1 (Page 1 of 2)
SUMMARY OF GROUNDWATER SAMPLING

Total Water
Well Purged

Number (gal)

MW-la
MW-2a
MW-2b
MW-2c
MW-2e

B2b
MW-3s
MW-3a
MW-3b
B4b

8
3

12
16
16*

2
6
6

10
4.5*

Time Between
Purging and

Sampling
(hr)

0
0
0
0
2

0
0.5
0
0
4

i
HNu Readings (ppm)a

In Well

BKG
BKG
3-5
BKG
3-6

BKG
BKG
8
8-9
1

From Water

BKG
BKG
2
BKG
2

BKG
BKG
BKG
1
2

Conductivity
pH (pmhos/cm)

7.64 450
6.47
8.38
8.47
8.54

6.44
6.52
7.61
7.46
8.14

970
275
350
325

925
950
400
325
520

Temperature
(degrees C)

11
11

9.5
11
13

10
10
8

10
13

MW-5a
MW-5b
MW-5c
MW-5e
MW-6a
MW-6C
MW-7s
MW-7a
MW-7b

MW-7c

MW-8a
MW-8b
MW-9a
MW-9b
MW-lOa
MW-lOb
MW-lla
MW-12a
MW-13a
MW-13b

5
10
17
45
8

30
9

10
18

17

5
15
5
8
5

10
7
6

15
30

0
0
0
0
0
0
0
0
0.5

1
1
30
BKG
BKG
BKG
BKG
8-10
1-2

1
BKG
NM
BKG
BKG
BKG
1-2
BKG
BKG

8.03
7.78
8.34
8.50
7.12
7.73
7.75
7.51
8.06

200
1,025

375
400
700

1,000
1,000
1,170

800

20

BKG
BKG
4
BKG
BKG
BKG
5-8
BKG
BKG
BKG

BKG

BKG
BKG
BKG
BKG
BKG
BKG
2-3
8 pm
BKG
BKG

8.49

7.25
NM
7.57
7.03
6.78
7.20
6.40
7.13
8.18
7.95

425

1,380
NM

1,060
1,100
1,350
1,580

300
300
340
375

10
14
11
12
11
11
9
9

12

11

12
NM

9
10
9

11
8
8

11
11

Comment and Observation

Water red and silly.
Water had a strong petroleum odor.

Water is cloudy.
Purged dry after 12 gallons. Purged dry
twice prior to sampling.

Purged dry after 6 gallons.
Water very lurbid.
Water is dear. Good recharge.
Used 1-inch bailer to purge the well.
Purged dry after 3 gallons. Purged dry
twice prior to sampling.

Water is clear.
Water is red and silly.
Water is clear.

Used 1-inch bailer, bend in casing. Bend
above water level. Purged dry after 8 gal-
lons.
Used a 1-inch bailer, bend in casing.
Bend above water level.
Slow recharge.

Water slightly turbid.

Water very turbid.
Water slightly turbid.

Water is clear.



Table TM10-1 (Page 2 of 2)

Well
Number

MW-13e
MW-14s
MW-14a

MW-14b
MW-14c
MW-lSa
MW-15b

MW-16&
MW-17b
MW-17e

Total Water
Purged

50
7
7

NR'
IS

NR
8*

7
32
50

Time Between
Purging and

Sampling
(hr)

0
0
0

5
0
0
2

0
0
0

HNu Readings (ppm)a

In Well From Water

BKG
BKG
BKG

BKG
BKG
BKG
BKG

BKG
BKG
BKG

BKG
5-6
8-10

BKG
BKG
BKG
BKG

BKG
BKG
BKG

7.80
7.16
7.07

8.32
8.83
7.47
8.47

6.73
8.53
12.07

Conductivity
(umhos/cm)

300
600
760

410
370

2,400
725

560
350

1,260

Temperature
(degrees C)

10
12
9

13
11
12
12

9
12
13

Comment and Observation

Water is clear. Good recharge.

Water turbid. Bend in casing made
purging difficult.
Purged dry twice prior to sampling.

Purged water is slightly turbid.
Purged dry after 4 gallons. Purged dry
twice prior to sampling.
Water is red and silly.

Some bentonite observed in purged water.

1 Readings in the well were taken by placing the probe in the well casing.
purging.

NM - Not measured.
NR = Not recorded.
BKG = HNu reading background.
* = Total water purged was less than the required five well locations.

Readings from the water were measured from the water in the bucket during

GLT932/029.50
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The sections of stainless steel cable were also placed in clean plastic bags for storage
or transport between sampling locations.

Replicates, triplicates, and matrix spikes were taken of certain groundwater samples
(Attachment A). Field blanks were collected by filling a decontaminated bailer used
for sampling with HPLC-grade water and transferring the water to sample containers.
Bottle blanks for low level VOC analyses were taken by pouring HPLC-grade water
directly into the VOC vials.

GLT932/030.51



TM10-GROUNDWATER SAMPLING
(STEP II)

Attachment A
SAMPLE MATRIX TABLE FOR

GROUNDWATER SAMPLES
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SAMPLE MATRIX FOR GROUNDWATER
SAMPLES (STEP II)

(PAGE 1 OF 5)

MMLTSIS MtIM SWUM

Mil

2C-«

12-W

2E-42

IA-M

31-42

3S-«2

CM.
S*Mil
•MMT

MM1S14
MNUS31

•JWNS13

NMI4S21

MM3S1«
•man
88MUS21

•MBU
mran
•WUSU
•MM3IU
NNVUSZt

NHVUS43
8WM3M3
MMBS7I

MM3S12
NHN3I12
MNVNSJl

MHW3M4
MHVKSn

NNW3SI7
MHVt3ll7

•JNVU824
8MW3124
•HUSK
MMQ35K

NWQ1S31

•MVBH04
I8HM3I07

UllKtiH

Mt« TiM

1/2/11

I/10/M

3/10/11

3/4/H

3/ll/M

3/3/n

S/I/M

3/3/M

3/3/H

1131

1233

VrZB

1331

1322

UM

1433

1021

«4»

1132

IwtiM H5L VKl

BTI fcifcif UtoriUrr
SMfURH n

EM03 SUM

EIOM PEI

anti PEI
EH3N PEI

CH341 S UM

EH333 PEI
EH934 ft I

EKH1 SUM

EHH S UM

EH314 S UM

E«i« S UM

ttMtlM HbL HM

•18 Hwkir LitoritofT
SMpliRH <6

EM03 SUM

EM944 EW40 PEI

0049 EHMf PEI

EMU PEI

EVS41 SUM
EHS42 S UM

E1SSJ PEI
EU34 PEI

EM43 SUM

EHH S UM

EV3I4 S CuM

EW24 SUM

H5L IMT̂ MUI (1)

ITR IkHtor Litorittrr
SMfli KM KS

NEmi ML
•IV27 ML

IBtMMU MTMW l̂ MMkl•JITTl MTTlii IHV,

Kltf7 «BT17 ML

KU12 ML
M-H14 ML

OJ13 ML
KM3I1 ML

«ni2 ML
NEI313 ML

torn ML
•f mnott MUIKRrrl IML

NEV31I ML
ICU20 ML

flEUll ML
(CH321 ML

MUM ML
MUM ML

MH3i ML

MIN44 ML
HEX148 ML

HEn47 MM.
HEM49 MM.

MI9M ML
icnti ML

LM Lml VtCf

SIS MMir LiMTitarr
SiMli top Iri» MS

37S4E-» 37t4E-H S UM

37ME-f4 S UM
17ME-13 SUM

37HE-W SUM

J7W€-i2 SUM
37HE-I3 SUM

37HE-34 S UM
37HE-U S CiM

37I4E-B1 S UM
3784E-91 S UM

37I4E-7I S UM

1
LH Lml PMh

SMfli IM trip NS

37I4E-H 37HE-U hU CM

I7W-I1 Mta CM

JTHt-M nta Owe
37W-N nta CkM

37I4E-33 37I4E-33 lati CM

37I4E-W lit) CkM
3TI4€-n lata CM

37I4E-71 hti CM

37ME-lf hti CM
I784E-»

I7I4E-21 Hli CkM

37I4E-22 hli CM
1784E-23 l*ti CM



SAMPLE MATRIX FOR GROUNOWATER
SAMPLES (STEP II)

(PAGE 2 OP 5)

MM.VSIS NRIM SMPLM

Mil

Mh-44

J*-*4

3C-03

SE-02

W-M

71-04

71-03

7C-OJ

7S-«

CM.

Mr

Mwnsti
MM3I11

MMH3S14
MM33I3

MMMMI
MMNSZZ

MWHMI

MUHSn

MM3541

MM3SU
•MUS17

MM3M2

MHMlSt*
NNM3M7

NWUSU
•MPH3H1

•wnsu
MMBS93

•MH3IU
NMHS71
HNM3I77

HNM3SU
MHN3S3I

MNN3S37
MNW3S73
8WVOJS4B
BBNVUS4f
HNHUS30

BMVUS33

CollKtiM

Htl
. ..

3/lt/N

3/ll/H

I/I/*

VU/M

5/3/W

3/2/N

3/1/N

3/4/H

3/VN

3/4/H

3'4/tt

TIM

1340

era

1017

1114

1110

1400

1420

1133

1114

1307

1001

iMtiH HSL VOCi

flll HMMT Latoratery
SMplt IH IB

EH33I PEI
Ens; PEI

£«« EH34I PEI

EH43 SC.M

EI347 EH47 PEI

EH344 S CiM

EBM SC«M

EH303 S C«hH

ENU4 SCurt
EV333 S CMrt

EK337 S C«M

EH3T S CuM

EHU3 S C.krt

IntiM HSL Mil

HI MtMr LahnratoTf

EM331 PEI

EK4I EH4I PEI

EK54J EV343 S bM

EIH7 PEI

EB44 S C«to*

EH3H SCaM

EKM3 S C«M

EH34 S CaM

EH337 S C«M

E»3V S CuM

EV33I S CiM

HSL lMT|MiCI ID

ITI (hwhtr Uhofitory
Sanlt !•• RS

KWU MM.

HEU17 MM.

mil* KI3II MM.
Umil 10311 MM.

KttM MM.
NEHHI MM.

ICUN HEN3M MM.
•BOM *«W MM.

NEIU2 MM.

KIU3 MM.

am MM.
MTlllTll AHUnjiTcT DVM.

KfttU MM.
HEM31 MM.

lOW MM.
HEtm MM.

flEWti MM.
NEIH7 MML

«mo RML
it mi MM.

iwmi MM.
HERm MM.

LM Lml HCi

SIS fcuhif Lahwatwy
S^uli Rn Ir ii MS

1784E-97 S CuM

I7I4E-H S C.M
ITME-ff S CkM

37I4E-72 S C.M

17HE-H 5 CMri

37I4E-74 S CiM

J7M€-77 S CiM

I784t-43 S Curt

]7M€-63 S Curt
17ME-U SC.M

I7B4E-U S CiiM

J784E-M S CuM

1784E-43 S Cubrt

LM Ltvil PMt

SAS iMhtr Lahwatory
SaapU In Trip MS

37ME-IM MU CkM

37MC-73 Bata Chn

37HE-M 1*1* ChM

37M-73 Bata CM

I7ME-7I BaU CM
I7B4E-7? hta CM

J7WE-44 l*t* CM
37B4E-47

17HE-» 17B4E-M lata CM

3784E-31 hta CM
17B4E-I2 tali ChM
S7B4E-U Bata CM



SAMPLE MATRIX FOR GROUNDWATEfi
SAMPLES (STEP II)

(PAGE 3 OF 5)

MW.TSIS HUM* SMPIIK

mn
faster

H-04

BH2

«-oj

f|-«

1M-IJ

IM-C3

1 It-04

1U-44

1U-M

111-02

lK-«2

I4A-04

MI-04

en
Supli
Muter

WHWJS78
MHM3S47

•HM3S21
NHW5M

NNMSilf
•Mvmsi

«HH3S3t
NWOnTS

MMIU»

MM3S»
MMUI42

NHWS30
HHVUSM

8WVOIS22
MMISM

•HV03B2I
MHVUSI1

NHVUC17
NHV03SM

MMUS20
NMUI37

MHV8JSII
8DMU1I
MHVB3S3S

MHVUSZ7
HW03B27
HNWU1

MHV93SU
8BHV03S74
HHVOJS3?

Call

I«U

9/2/H

3/2/M

J/4/M

1/I/N

VS/M

5/!/M

3/3/N

3/3/H

3/2/M

3/2/N

3/2/M

3/I/M

3/4/H

KttM

TIM

1713

1*37

0122

14M

tm

1M7

MOf

M4f

1110

1M3

1337

1M3

till

IwtiM HSL VOCi

DTK Hwtor Likaritarr
SMpUDtf US

i . . i

EM10 S CyM

EH09 ShM

EMM SCrtH

EV32t SUfcN

EIT113 EHII S ClM

EH317 S CvM

EK512 S C«M

EH313 S Ukrt

EHM4 S C.M

EH311 S CuM

EV»7 S CuM
ElfMI S CuM

EH326 S CHM
EH327 S CuM

EH323 EH323 S CuM

RMtlH VBL MHi ! MSI iMTfMiCt (1|

Oil Nrtff Lifcofitwy! ITR Hutor Liboritonr
SMpli lip US :S**»li Itp B

ItOW MM.

EHio s Cukrt ;KMM nut
IMEItfn HML

EMM s CHM ;mnu ML
INEW17 MM.

EM2I SCUM iKII172 MM.
:«H7i MM.

Ban s C«M ;icRf74 MM.
I«t73 MM,

EK313 S C>M :OT» MM.
:iemi MM.

EH317 S CUM IMBtfM MM.
!*inSi DHL

E»12 S CuM :*M4? MM.
:*(W41 MM.

£1311 S C«M :*M*1 MM.
1)0143 MM.

EUMi s CUM iierjs; MM.
SHEW31 MM.

EK511 S CuM !Kin40 MM.
:KOT4I MM.

EHM7 S CuM :«M31 MM.

HOWS HIM.

EH326 S Cubrt IHERW) HIM.
S CuM :

:*M7l RMl

EH323 S Cuktd :*R9i8 MM.
;*Wi» MM.

Lw Lml «Ci

Stt ftvfcrr IttoriUrr
Si*li lip Irip «

I7Btt-J2 J7B4E-J2 S Cubttf

J784E-57 S CuM

L* Lml MHi

SIS ftHfctr tttoritan
S«fli DM Trip K

J7W£-tt lit) ClM

J7BW-I3 BiU Chn

J7B4E-M ht< Cfcti



SAMPLE MATRIX FOR GROUNDWATER
SAMPLES (STEP II)

(PAGE 4 OF S)

MH1TSIS BWIK SMftW

fell
Nubtr

14C-QI

14S-42

1U-03

111-43

I4S-«

17M2

ITE-fll

FiiM ll«

FN72M

FN73M

FN74M

FN73M

FM7UM

CH
SMpli
Muter

NHM3S34
MMHII4
NWUSM
MMUMIMHwgp̂

NWUMf

NMUSU

NWUM3

NWUS41
NWUS77

NNW3S42
•mum

RWUS21

NHW3S44
NWUI44

NWUS4*
MM3H*
NMU37*

MM3S32
NMUSU
NWUS43

ikt

NNMJM2

NHW3M3
NWD3SU

NHV035U

NMW3M1
NMUSU

RMNJK12

Coll

hU

3/4/N

3/1/N

3/4/N

3/4/N

3/3/N

3/4/N

3/3/N

3/3/N

3/4/N

3/4/N

3/3/N

3/l«/N

KtiM

TiH

1313

,13.

1411

M13

0133

1313

1214

0734

9734

103R

1MO

RMtiM HSL VKt

OTR Dwtar Laboratory
S«f It lip NS

EV323 S C.M

EH322 S CiiM

E«33i SCttM

EK33I SCiM

EHli S CiM

EH332 S UM

EH321 S CuM

EV31V S UM

EH334 S CaM

EH344 S CaM

(•51) PE1

IwtiM HSL IMi i HSL iMiriMict U|

OTR HMter Utaritoryi ITR Muter Lttoritory
Suflt Rip NS iSMpli Rep NS

EK321 S CvM tKRtti RML
EH324 S C«tetf !

:NER147 MM.

EH22 SbiM EKIH4 RML
iNERfiS RML

EBJ* s UM * ;NEHN RML
INERflf RMl

EKII SCnM IREim RML
iicmi RML

EV3U S C>M iNER?32 RML

E1112 S CuM ilOMO RML

iflciiTlL RML

EH32I s c.kH ;nmt2 RML
ilCRtU RML

EHtf S CuM iNEIfH RML
IHOrTSf RML

£«3» S CuM !HEW7i RML
'INTDtT7 HUii nCHT f 1 HUM.

:

EH344 S CUM ;W«M RML

EH333 PEI INER172 RML

LM Li«fll VOCi

SK Muter Lafeoritvr
SMpIc Dtp Trip NS

37R4E-I7 S Cufcrt
J7I4E-IT S CuM

37l4€*n S UW

37HE-30 S C«M
37HE-31 S C«M

37I4E-47 37HC-47 S CuM

37I4E-49 S CufeH

17ME-24 S CuM
17I4E-I3 S CuM

27I4E-42 S CuM

I7R4E-21 S CuM

17I4E-17 S UM

17I4E-34 S CuM

I7I4C-U S CuM

37I4E-41 S CuM

LM Lml PRth

Swell Itp Trip NS
. . . . . . .

J7I4E-3B bti CM

37I4E-40 hti CM
37HE-41 hti CM

37HE-n l*t* CM

37I4E-4B 37B4C-4I hti CM

37I4E-U 37ft4€-3i hU CM

17HE-43 Rita CM
37I4E-44

37HE-27 hti CM

37I4€-1I hU CM

17I4C-I3 Rata CM

17l4C-t2 Data CM



SAMPLE MATRIX FOR GROUNDWATER
SAMPLES (STEP II)
(PAGE 5 OF 5)

ANALYSIS DURING SAHPUK

•til

FB877W

CM.

Hufctr

B8HV03S21
B8HVQ3B02

B8HV03R03

Collection

Dili

5/10/68

Tiw

1013

ftautiM HSL VQCs

BTR Nueer Laboratory
Suplt IUp NS

RwtiM HSL MAs

018 fcjbtr Libofitory

HSL Inorganics |1|

1TR Nubtr Liboritory
Siaplc Rep US

HEB3Z3 RML

LH Lml VOCi

SAS Mubtr Uboritor>
Saaalt R«p Trip US

37B4E-66 S Cubed

37B4E-88 S Cubed

Lw Lml PAH*

SAS Htwbtr Liboritory
Suplf Rep Trip US

37B4E-B7 D*U ChH

|1) luriuici inclirft* iwtilttrtd tai lilttrrt ntils, ui cyuidt.
IH Miltrs tor tlu iHfiltertrtf HUlt trt listtd first, fotlBMri ty tin
ITR'i lor tte filtirri MUU Md tht



TECHNICAL MEMORANDUM NO. 11

TO:

FROM:

PREPARED BY:

DATE:

RE:

PROJECT:

Fred Bartman/U.S. EPA
Remedial Project Manager

Randy Videkovich/CH2M HILL
Project Manager

John Gannon/CH2M HILL

May 24, 1988

Subsurface Soil Sampling
(Step II)

Arrowhead Refinery
Fieldwork Design Investigation
GLO68802.FS

INTRODUCTION

Subsurface soil samples were collected from 10 locations at the Arrowhead Refinery
site between May 16 and 19, 1988. The objective of sampling was to define the
lateral and vertical extent of soil contamination south of the sludge lagoon in and
around the process area. The results of this task will be used to refine the volume of
contaminated soil to be removed for remediation of the site.

SAMPLING LOCATIONS

The soil borings were completed in and around the process area, which was identified
by previous investigations as containing the most contaminated soil. Boring locations
were initially staked out by Jewelle Imada (CH2M HILL) and Dave Chrisman
(MPCA). Sampling locations are shown in Figure TM11-1.

The subsurface soil samples for analytical analyses were collected at three depths.
Samples analyzed for incineration parameters were collected from the visibly
contaminated soil. RAS samples were taken of the first visibly noncontaminated soil
and again 5 feet lower.



i
TECHNICAL MEMORANDUM NO. 11 '
Page 2
May 27, 1988 I
GLO68802.FS •

PERSONNEL !.

The sampling team consisted of: p

o Roger Huddleston/CH2M HILL, Level B, C, and D
Site Safety Supervisor

o John Gannon/CH2M HILL

o Greg Weeks/Engineers International

o Cathy Kantowski/Engineers International

The sampling team maintained sample custody. Drilling was subcontracted to ^
Exploration Technology Incorporated.

•i
FIELD METHODS

Soil borings were advanced using an all-terrain Diedrich D.50 drill rig. The borings '
were advanced using 4.25-inch I.D. hollow-stem augers. Continuous subsurface soil *
samples were obtained with 3-inch O.D. split spoons advanced using a 140-pound
hammer. When the drill rod on the hammer broke at boring SO87-14, a 300-pound 1
hammer was used to complete that boring and borings SO87-06 and SO87-17. After I
each split spoon was opened, each sample was screened with an OVA or an HNu and
the soil was logged. Samples were placed directly into sample jars using a stainless •
steel spatula. |

Subsurface soil boring logs are provided in Attachment A. Table TM11-1 is a >
summary of the subsurface soil sampling. Table TM11-2 lists the samples collected " J
and sent to a CLP laboratory for analysis. The subsurface soil samples were analyzed
for TCL inorganic chemicals and volatile and semfvolatile organic compounds.
Selected samples were also analyzed for low level PAHs, incineration parameters, and f
total organic carbon. •

HEALTH AND SAFETY

During previous investigations at the Arrowhead Refinery site, drilling activities were
terminated in the process area when monitoring of ambient air indicated Level B
protection was required to continue the borings. As a result, Level B safety
protection was used during this field effort at all of the soil borings except SO87-23.
Soil boring SO87-23 was south of the process area and was advanced in Level D
safety protection. Continuous monitoring during drilling at this boring indicated
higher levels of safety protection were unnecessary.

I



LEGEND

FOI (STEP II) SUBSURFACE
SOIL SAMPLING LOCATION

FIGURE TM11-1
SUBSURFACE SOIL SAMPLING
LOCATIONS (STEP II)
ARROWHEAD REFINERY
FIELDWORK DESIGN INVESTIGATION



Appendix B
ANALYTICAL DATA AND QUALITY ASSURANCE/

QUALITY CONTROL EVALUATION
OF LABORATORY DATA

GLT932/007.50-12



Table TM1M (Page 1 of 2)
SUMMARY OF SUBSURFACE SOIL SAMPLING

OVA Readings
Boring

No.

SO87-06

SO87-14

SO87-15

SO87-16

SO87-17

SO87-18

Sample
No.

01
02
03

01
02

03

01
02
03

01
02

03

01
02

03

01

02

03

Layer
Sampled

Fill
Silty Sand
Silty Sand

Peat
Sand/Silt
Silly Sand

Silt/Peat
Peat/Clay
Sand/Gravel

Fill
Sand/Gravel

Sand/Silt

Peat
Silt

Sand

Fill

Silt

Silt/Gravel

Analyses8

Inc.
Complete
Organic,
Inorganic,
L.L.PAH

Inc., TOC
Organic,
Inorganic
Organic,
Inorganic

Inc., TOC
Complete
Organic,
Inorganic,
L.L.PAH

Inc., TOC
Organic,
Inorganic,
L.L.PAH
Organic,
Inorganic,
L.L.PAH

Inc., TOC
Organic,
Inorganic,
L.L.PAH
Organic,
Inorganic,
L.L.PAH

Inc., TOC

Organic,
Inorganic,
L.L. PAH
Organic,
Inorganic,
L.L.PAH

Depth
(ftbg)

2-4
12-14
18-20

2 -̂4.5
&5-8.0

12-14

0-2
8-10
14-16

0-2
15-17

21-23

4-6
8-10

14-16

2-4

6-8

12-14

Air (ppm)

Background
Background
Background

Background
Background

Background

20-40
Background

2-3

Background
Background

Background

Background
Background

Background

Background

Background

Background

Sample
(PPm)

50-150
1.0

Background

40
2

Background

150
5
1.0

10
2-3

2

1-5
Background

Background

>100

5

Background

Comments
and Observations

Sample was black and oily.

Sample was black and oily.

Sample taken adjacent to
original borehole.



Table TM11-1 (Page 2 of 2)

OVA Readings
Boring

No.

SOS7-19

SO87-22

SO87-23

SO87-24

Sample
No.

01
02

03

01
02

03

01
02

03

01
02

03

Layer
Sampled

Fill
Sand/Gravel

Sand

Fill/Peat
Peat/Clay

Silt

Fill
Fill

Sand

Fill
Peat/Clay

SUt

Analyses"

Inc., TOC
Organic,
Inorganic,
UU PAH
Organic,
Inorganic,
UU PAH

Inc., TOC
Organic,
Inorganic,
UU PAH
Organic,
Inorganic,
UL. PAH

Inc., TOC
Organic,
Inorganic,
UL. PAH
Organic,
Inorganic

Inc., TOC
Organic,
Inorganic,
UU PAH
Organic,
Inorganic

Depth
(ftbgs)

0-2
10-12

14-16

2-4
6-8

12-14

1-3
3-5

9-11

0-2
4-6

10-12

Air (ppm)

Background
3-4

Background

Background
2-3

Background

Background
0.2

Background

Background
10-20

Background

Sample Comments
(ppm) and Observations

10-20
10-20

Background

50 Bullet cartridge found in
20 sample.

1

Background
10

6

4
400

1-2

UU PAH = Low level poiyaromatic hydrocarbons.

Inc. = Incineration parameters. Incineration parameters include ash content, heating value, carbon,
oxygen, hydrogen, sulfur, nitrogen, and percent moisture.

TOC = Total Organic Carbon.

Complete = Incineration parameters, TOC, organic, inorganic, and UU PAH.

GLT932/03£50



SMFIE MTRII FOR SLUKE SAMPLING

ANALYSIS DURING SANPL1N6

IB
ion

101

102

103

104

103

Sanple
Nunber

01

03

01

03

01

02

03

01

02

03

01

02

03

CM.
Suflf
Nueber

88HVD3S01

88HV03502

8BHW3S03

88HV03S04
88HV03S03

88W03S03
88HW3S04

BBHVMSOt
BMfttMi

88MH3S07
88WQ3M7

B8W03S08
88HVOH08

88HV03S10

88HV03SW

88HV03SU

B8HV03S12

88HVQ3S13

Col IK

lit!

4/27 /N

4/27/BS

4/27/88

4/27/88

4/77/88

4/27/88

4/27/88

4/27/88

4/27/88

4/27/BB

4/27/H

4/27/81

4/27/88

100

TiM

0823

0833

0920

0430

1103

lift

1114

1133

113*

1141

1433

1450

1H2

VOCs

QIR Muter* Laboratory

Swell ftee MS

Esm SUM
E5H7 S CuM

ES5W, ES5M S Cut*

ESAM ESUO SCiiM

E5M1 SC«M

ESU2 ESM2 SCrtN
EMN1 SUM

ESM3 SCuM
EStll S CiiM

ESM4 S C«fctJ
£5410 S CiiM

ESM3 S CiiM

ESM4 S CvM

ESA07 S CuM

ESM8 S CuM

ESWf S CuM

BHftc0pm

Oil Nutbtn LikoritDry

Suflt Rep US

£S5« S CuM

ESH 7 S Cubed

ESWI ESSH S CaM

ESMO ESMO S CuM

ESM1 SCUed

E8M2 eun s CM*H
ami SC«M

ESM3 S CUed
ES4U S C«M

ES604 S bM
ESilO S (Ued

ESU3 S C«M

ESMi SCuM

ESM7 SCuM

ESM8 S Cubed

ES&OT SCuM

Httals(l)

1TR Nuaiwrs Liboratory

Sup It Dtp «S

NERW7 JTC

IfSVH JTC

HEJniO NEMIO JTC

NEM12 10912 JTC

HER113 JTC

KM14 NEW 14 JTC
NEM24 JIC

NERflS JTC
IO12J JTC

NEM16 JTC
HEI922 JTC

fl£JH17 JTC

HEM1B JTC

icnif JTC

NER920 JTC

NERTCl JTC

iKtiwrator Ptruftert 12)

SAS Hubert Libontory

Sup It Rip IB HI

37B4E-01 Virur

37B4EHJ2 Verur

3784E-03 3784E-OS Verur

3784E-44 J7ME-04 Virur

37ME-03 Versar

37ME-M 37ME-M Virur
J7I4E-«7I Virur

3784E-97I Virur
3784E-08 Vwur

3784E-09 Verur
3784E-10 Verur

37B4E-12 Virur

3784E-11 Versar

37B4E-H Vtrsar

37B4E-13 Virur

3784E-U Virur

ViKHityU)

SAS Hmtefi Libofitory

Sufll Rip

37B4E-01 Verur

37B4E-03 Versar

3784E-03 Verur

3784E-09 Virsar
17B4E-1Q Virur

37846-11 Veriar

Cowemtt

Liquid Oily Sludge

Put

Liquid Oily Sludge

Put

Liquid Oily Sludtt

Crwty Sl«d«i/Filtir Cake

Pfit

Liquid Oily Sludqe

Cruity Slud«e/F ilter Cake

Peat

liquid Oily Sliidfi

Cruity Sludqe/F ilter Cake

Piat

Field lla*k

FN7-100 ! i88HV03R01! 4/27/88 ! 1313 iESMJ SCuM IES302 S CuM JTC i3784E-13 Versar

(1) HSL taorga«ics cicluiti cyuidii, lultidis, pH, and ipecific
(2) luinerator Parmteri includts sulfur, chlorine, Histure CMtMt

ash cootent, heating value (ITu)
|4) No MS and field blank (or MIS tun, aid, and ITu



TM12-SLUDGE SAMPLING

Attachment A
SAMPLE MATRIX FOR SLUDGE SAMPLES

GLT932/007.50-10



TECHNICAL MEMORANDUM NO. 12
Page 3
May 24, 1988
GLO68803.F3

PERSONNEL PROTECTION HEALTH AND SAFETY

The level of protection established in the project Site Safety Plan was followed. Level
C protection was adhered to inside the perimeter of the lagoon until HNu monitoring
indicated that downgrading to Level D protection would be appropriate. Level B
protection was worn when boring into the lagoon, during sampling, and until all
sampling equipment had been removed from the lagoon.

SAMPLE CONTAINER AND PERSONNEL GEAR DECONTAMINATION

The sample jars were protected from contamination during sampling by enveloping
them in latex during sampling operations. After sampling, the latex was removed and
the exteriors of the sealed bottles were decontaminated with methanol and distilled
water.

Personal gear was washed in a tub half filled with a solution of trisodium phosphate
(1 pound per 10 gallons of clean water) and then rinsed in a tub of clean water. All
wash and rinse water was disposed of in the sludge lagoon.

SAMPLING EQUIPMENT DECONTAMINATION

Sampling equipment that was to be reused was washed with reagent grade methanol
to remove tar deposits after the first sample had been taken. The methanol was first
absorbed in a cloth and wiped on the tar areas with no success. Next, a brush was
used but with similar results. Thereafter, the trowels were decontaminated as well as
possible before reuse.

GLT932/035.51



LEGEND

•1..5-

LAGOON BOUNDARY

APPROXIMATE SLUDGE THICKNESS (FEET)

RI SLUDGE SAMPLING LOCATIONS

FDI SLUDGE SAMPLING LOCATIONS

FOI SLUDGE SAMPLING LOCATIONS FOR
CRUSTY SLUDGE/FILTER CAKE ONLY

TREE LINE

FIGURE TM 12-1
SLUDGE SAMPLING LOCATIONS
ARROWHEAD REFINERY
FIELOWORK DESIGN INVESTIGATION



ND = Thickness of the peat was not determined
NR = Density of the sludge was not required.

GLT932/034.50

Table TM12-1
IN-FIELD SAMPLE PARAMETERS

Sample Thickness Density
Number Stratum (ft) (Ib/ft3)

CR87-101-01 Sludge 0.7 NR <0.5
CR87-101-03 Peat ND 71 <0.5

CR87-102-01 Sludge 1.3 1.3 0.5
CR87-102-03 Peat ND 90 <0.5

CR87-103-01 Sludge 0.5 NR <0.5
CR87-103-02 Filter Cake 1.1 90 0.5
CR87-103-03 Peat ND 90 <0.5

CR87-104-01 Sludge 1.1 NR <0.5
CR87-104-02 Filter Cake 0.4 77 0.5
CR87-104-03 Peat ND 86 0.5

CR87-105-01 Sludge 1.2 NR <0.5
CR87-105-02 filter Cake 0.5 86 0.5
CR87-105-03 Peat ND 94 < 0.5
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INTRODUCTION

Sludge samples were taken from the sludge lagoon to refine the nature and extent of
contamination and to define the range and variability of the handling and thermal
treatment properties of the materials in the lagoon.

Sludge samples were collected on April 27, 1988, from five locations in the sludge
lagoon and submitted to the U.S. EPA CLP for analysis. All samples were analyzed
for TCL VOCs, metals, semivolatile organic compounds, moisture content, ash
content, chlorine content, sulfur content, and Btu value. The oily sludge was also
analyzed for viscosity, and the filter cake and peat were analyzed for density in the
field. All samples were analyzed for pH in the field using litmus paper.
Attachment A is a sample matrix table.

PERSONNEL

The sample team consisted of:

o Jewelle Imada/CH2M HILL
o Jeffrey Lamont/CH2M HILL
o Roger Huddleston/CH2M HILL
o Gregg Weeks/Engineers International

Sample custody and equipment decontamination was maintained by the sampling
team. CLP paperwork was maintained by Cathy Kantowski (Engineers International).
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SAMPLING LOCATIONS

Samples were obtained from five locations (Figure TM12-1), with the actual number
of samples being dependent upon the conditions encountered at each location.
Samples of filter cake, liquid sludge, and peat were collected at each location if they
were present. To gain access to the sampling locations wooden pallets were laid out
end to end from the perimeter of the lagoon. Table TM12-1 summarizes sample
parameters measured in the field.

SLUDGE SAMPLING PROCEDURES AND OBSERVATIONS

Samples were taken from the filter cake layer using a stainless steel trowel. Only the
solid or semisolid portion of the top layer was collected. Filter cake was available
only near the perimeter of the sludge lagoon at sampling locations CR87-103,
CR87-104, and CR87-105. The filter cake layer was 0.4 to 1.1 feet thick, and the
filter cake itself had a fine texture and was generally hard and dry. All three samples
were field tested for pH, which was 0.5. The samples were also field tested for
density using the Corps of Engineers Surface Soil Sampler (ASTM D 2937).

Samples of the liquid oily sludge were taken using a stainless steel trowel. This
stratum was encountered at all five sampling locations and was 0.5 to 1.3 feet thick.
The pH was less than 0.5 with the exception of CR87-102, which was 0.5. The
viscosity of this stratum varied slightly, but in general was quite viscous. Water was
observed in pockets throughout the liquid sludge and as a discrete layer immediately
above the sludge at locations CR87-102 and CR87-104 and also immediately below
the sludge at locations CR87-101, CR87-103, and CR87-104. The water content of
the sludge varied considerably between sampling locations. As much water as
possible was decanted from the samples before they were placed in sample jars.

Samples were taken from the peat layer using a stainless steel trowel. Peat was
encountered at all sampling locations. Depending on the viscosity of the overlying
sludge, either a spade was used to remove the sludge or a plastic pail with the bottom
cut out was placed tightly against the peat and the excess sludge was removed to
allow sampling of the peat. All five peat samples were field tested for pH, which was
less than 0.5 for all samples except CR87-104, which was 0.5. These samples were
also field tested for density. In all cases, the peat layer was saturated with the oily
sludge. Some of the peat samples appeared more or less fibrous than others, and
sample CR87-103 had a grainy texture.

Replicate and matrix spike samples were collected by filling a complete set of sample
containers immediately after filling the f. r set with the same sampling equipment.
Blanks were made by filling sample containers with clean sand.
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Table TMll-2 (Page 3 of 3)

CH2MHILL
Sample No.

SO87-22-03

SO87-23-01

SO87-23-02

SO87-23-03

SO87-24-01

SO87-24-02

SO87-24-03

FB87-800

FB87-900

CRL
Sample No.

88HK04S03
88HK04SQ3
88HK04S03

88HK05S07
88HK05D07
88HKOSS07

88HK04S93
88HK04D93
88HK04S93
88HKD4S93

88HK04S94
88HK04S94

88HK05S08
88HK05S08

88HK04S95
88HK04S95
88HK04S95

88HK04S96
88HK04S96

88HK04R07
88HK04R07
88HK04R07
88HK05R07
88HK05R07

88HK04R06
88HK04R06
88HK04R06
88HK05R06
88HK05R06

SAS
Sample No.

3784E133

3784E108
3784E 109
3784E 107

3784E106

«

3784E 111
3784E 110

3784E 112

-

3784E 118
3784E 120
3784E 119

3784E 148
3784E 150
3784E 149

Traffic
Report No.

EW580
MEW345

—

EW560
EW561
MEW326

EW562
MEW327

-

EW563
MEW328

EW564
MEW329

EW567
MEW332

EW583
MEW348

Collection
Date Time

5/18/88 11:22

5/17/88 7:13

5/17/88 7:17

5/17/88 7:40

5/17/88 9*»

5/17/88 9#7

5/17/88 9-.2S

5/17/88 16:30

5/19/88 13:25

Laboratory

Gulf South
Chem Tech
Data Chem

Wcycrhauscr
Weyerhauser
Weyerhauser

Gulf South
Gulf South
Chem Tech
Data Chem

Gulf South
Chem Tech

Weyerhauser
Weyerhauser

Gulf South
Chem Tech
Data Chem

Gulf South
Chem Tech

Gulf South
Chem Tech
Data Chem
Weyerhauser
Weyerhauser

Gulf South
Chem Tech
Data Chem
Weyerhauser
Weyerhauser
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Ambient air around the drilling rig was monitored at each location with an OVA or
an HNu. The site safety coordinator remained dressed in Level B equipment at an
upwind location and continuously monitored the air with an HNu during drilling. The
site safety coordinator maintained continuous visual contact with the sampling crew
and was in periodic radio contact with the trailer.

A decontamination line was set up between the process area and the trailer. The line
included a boot wash (trisodium phosphate solution), a boot rinse (tap water), a
glove wash (trisodium phosphate solution), and a glove rinse (tap water). A 55-gallon
drum was used for disposal of safety protective clothing. The decontamination line
was used whenever a member of the sampling team left the process area.

The outsides of filled sample jars were decontaminated using distilled water. Split
spoons and other sampling equipment were decontaminated between samples using a
solution of trisodium phosphate and water, followed by a water rinse, a methonal
rinse, and a double rinse with distilled water.

SAMPLING PROBLEMS

Because of poor split-spoon sample recovery in the peat at SO87-18, two additional
borings were advanced to 2 feet below ground adjacent to the original boring. It was
also necessary to collect two additional split-spoon samples from the 2* to 4-foot
interval to obtain enough sample to submit for laboratory analysis.

Sample recovery was also poor in the sand and gravel units at borings SO87-06 and
SO87-16. These two borings had several intervals of no recovery in the split spoons,
which probably caused the borings to be deeper than necessary and made it difficult
to determine the precise depth of the visually contaminated soil-.

GLT932/031.51



Table TMH-2 (Page 1 of 3)
SAMPLE MATRIX TABLE FOR SUBSURFACE SOEL SAMPLES

CH2M HILL
Sample No.

SO87-06-01

SO87-06-02

SO87-06-03

SO87-14-01

SO87-14-02

SO87-14-03

SO87-15-01

SO87- 15-02

SO87-15-03

SO87-16-01

SO87-16-02

SO87-16-03

CRL
Sample No.

88HK05S10
88HK05S15

88HK04S89
88HK04D80
88HKQ4S89
88HK04D89
88HK04S89
88HK05S16
88HK05S16

88HK04S90
88HK04S90
88HK04S90

88HK05S14
88HK05S14

88HK04S87
88HK04S87
88HK04S87

88HK04S88
88HK04S88
88HK04S88

88HK05S10
88HK05S10

88HK04S99
88HK04S99
88HK04S99

88HK04S01
88HK04S01
88HK04S01

88HK05S09
88HK05D09
8SHK05S09

88HK04S97
88HK04S97
88HK04S97

88HK04S98
88HK04S98
88HK04S98

SAS
Sample No.

3784E 143
37S4E 142

3784E 144
3784E 145
3784E 146

3784E 147

3784E 139
3784E 138

3784E 140

3784E 141

3784E 122
3784E 121

3784E 124

3784E 128

3784E 114
3784E 115
3784E 113

3784E 116

3784E 117

Traffic
Report No.

-•

EW576
EW577
MEW341
MEW342

EW578
MEW343

—

EW581
MEW346

EW582
MEW347

_

EW571
MEW336

EW573
MEW338

-

EW565
MEW330

EW566
MEW331

Collection
Date Time

5/19/88 10fl5

5/19/88 10:47

5/19/88 11:05

5/19/88 7:21

5/19/88 7:40

5/19/88 8:43

5/18/88 730

5/18/88 7:56

5/18/88 8:50

5/17/88 13:14

5/17/88 14:28

5/17/88 15:08

Laboratory

Weyerhauser
Weyerhauser

Gulf South
Gulf South
Chem Tech
Chem Tech
Data Chem
Weyerhauser
Weyerhauser

Gulf South
Chem Tech
Data Chem

Weyerhauser
Weyerhauser

Gulf South
Chem Tech
Data Chem

Gulf South
Chem Tech
Data Chem

Weyerhauser
Weyerhauser

Gulf South
Chem Tech
Data Chem

Gulf South
Chem Tech
Data Chem

Weyerhauser
Weyerhauser
Weyerhauser

Gulf South
Chem Tech
Data Chem

Gulf South
Chem Tech
Data Chem



Table TMll-2 (Page 2 of 3)

CH2M HILL
Sample No.

SO87-17-01

SO87-17-Q2

SO87-17-03

SO87-18-01

SO87-18-02

SO87-18-3

SO87-19-01

SO87-19-02

SO87-19-03

SO87-22-01

SO87-22-02

CRL
Sample No.

88HK05S17
88HK05S17

88HK04S91
88HK04D91
88HK04S91
88HK04D91
88HK04S91

88HK04S92
88HKQ4S92
88HK04S92

88HK05S12
88HKQ5D12
88HK05S12

88HKQ4D04
88HK04S04
88HK04S04
88HK04D04
88HK04D04
88HK04S04
88HK05S04
88HK05S13

88HK04SOS
88HK04S05
88HK04D05
88HK04S05

88HK05S06
88HK05D06
88HK05S06

88HK04S85
88HK04D86
88HK04S85
88HK04S85

88HK04S86
88HK04S87
88HK04S86

88HK05S11
88HK05S11

88HK04S02
88HK04S02
88HK04S02

SAS
Sample No.

3784E 152
3784E 151

3784E 154

3784D 154

3784E 136
3784E 123
3784E 135

3784E 127
3784E 134
3784E 126
3784E 125

3784E 129
3784E 137

3784E 101
3784E 102
3784E 104

3784E 103

3784E 105

3784E 131
3784E 130

3784E 132

Traffic
Report No.

-•

EW568
EW569
MEW333
MEW334

EW570
MEW335

-

EW572
EW574
MEW339
MEW337

EW575
MEW340

~

EW557
EW558
MEW324

EW559
MEW325

_

EW579
MEW344

Collection
Date Time

5/19/88 14:40

5/19/88 14:54

5/19/88 15:19

5/19/88 15:03

5/18/88 14:25

5/18/88 14:52

5/16/88 14:01

5/16/88 14:47

5/16/88 15:28

5/18/88 10:47

5/18/88 10-.56

Laboratory

Weyerhauser
Weyerhauser

Gulf South
Gulf South
Chem Tech
Chem Tech
Data Chem

Gulf South
Chem Tech
Data Chem

Weyerhauser
Weyerhauser
Weyerhauser

Gulf South
Gulf South
Chem Tech
Chem Tech
Data Chem
Data Chem
Weyerhauser
Weyerhauser

Gulf South
Chem Tech
Data Chem
Data Chem

Weyerhauser
Weyerhauser
Weyerhauser

Gulf South
Gulf South
Chem Tech
Data Chem

Gulf South
Chem Tech
Data Chem

Weyerhauser
Weyerhauser

Gulf South
Chem Tech
Data Chem



Appendix B
ANALYTICAL DATA AND QUALITY ASSURANCE/QUALITY CONTROL

EVALUATION OF LABORATORY DATA

INTRODUCTION

All analytical data gathered during the FDI must be evaluated for precision and
accuracy. This appendix presents the analytical data collected during the design
investigation at the Arrowhead Refinery site and the quality assurance/quality control
(QA/QC) evaluation of those data. The purpose of data validation is to characterize
the weaknesses of questionable data (possibly limiting its use) and to detennine which
data are unusable.

The QA/QC procedures stated in the Quality Assurance Project Plan (QAPP) for this
project (CH2M HILL, 1987), include both field sampling and laboratory analysis.
Data review is performed by US. EPA's Region V Central Regional Laboratory
(CRL) according to the Laboratory Data Validation Functional Guidelines for
Evaluating Inorganics Analyses (US. EPA, 1985), Standard Operating Procedure for
Contract Compliance Screening (CCS) of Routine Analytical Services Analyses of
Inorganics Data (U.S. EPA, 1987), and the Laboratory Data Validation Functional
Guidelines for Evaluating Organics Analyses (U.S. EPA, 1988). These reviews, plus
additional observations by CH2M HILL, are incorporated into the final data
validation written for each set of data before to its use. QA/QC, data review
procedures, and results of the data validation for the Arrowhead Refinery site are
summarized below.

FIELD AND LABORATORY QA/QC

The analyses discussed below are done to characterize the quality of a data set. They
consist of analyzing blank, duplicate, and spike samples to evaluate data precision,
accuracy and contamination. The results of the QA/QC analyses are discussed along
with the raw analytical data and are used for data review and validation.

BLANKS

A blank is a clean sample equivalent that is processed and analyzed as a sample to
detennine the existence and magnitude of potential contamination introduced during
sampling or analysis. In the field, HPLC-grade water is used for aqueous blanks, and
a clean sand for soil blanks. Field or bottle blanks are treated the same as samples
from the field through laboratory analysis and reporting. Laboratory preparation
blanks (reagent blanks) are prepared from contaminant-free water in the laboratory
and processed along with the samples through each sample preparation and analysis
step. Field blanks identify contamination from decontamination, sampling, bottle
transport, and laboratory procedures. Bottle blanks identify contamination from
bottles and bottles transport Laboratory blanks identify only laboratory
contamination.
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QUANTIFICATION LIMITS

A quantification limit is the minimum amount of a chemical that can be consistently
detected and quantified. An individual laboratory's detection limits may be lower
than the Contract Required Quantification Limits (CRQL) established for the
Contract Laboratory Program (CLP). In a case such as this, data lower than the
CRQL are reported; these data are considered estimated because the accuracy of
quantification below these levels is uncertain. Contamination or other analytical
problems (such as low sample recoveries) may cause the actual quantification limit to
be higher than that reported by the laboratory. When that occurs, it is noted in the
laboratory validation writeup. Tables A and B present the target compounds or
elements analyzed for by the CLP laboratories and the CRQLs.

SPIKE RECOVERIES

Spike sample analyses are done to determine the effect of the sample matrix on
extraction, digestion, and measurement procedures. Spike recoveries are also used to
determine the accuracy of the analyses, which is a measure of the agreement between
an experimental determination and the true value of the parameter being measured.
In general, a known amount of compound is added to a sample, the sample is
analyzed, and the amount of spiked compound recovered by analysis is compared to
the amount added.

A "surrogate spike" in organic analysis is a compound not expected to be present in
environmental samples, but with properties similar to those of the target compounds.
It is added to all samples before extraction and other sample preparation. Percent
recovery (%R) is calculated by:

= SSR/SAxlOO%

where:

SSR - quantity measured in spiked sample
SA - quantity of spike added

A "matrix spike" consists of target compounds added to a sample just before analysis.
It is analogous to the "method spike" done for high concentration inorganic analysis.
Both analyses are performed to evaluate matrix effects on the analytical methodology
and data accuracy.

Percent recovery for a matrix spike is calculated by:

%R » SSR-SR x 100%
SA

where:

SR = quantity measured in unspiked sample

The "method spike" for high concentration inorganics and the "spike sample analysis
for low and medium inorganic concentrations are the same. The spike is added
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before any reagents are added to the sample. Percent recovery is calculated as for a
matrix or method spike.

A recovery above the control limits may indicate a high bias in the data, while a
recovery below the control limits may indicate a low bias and detection limits higher
than those specified by the contract

DUPLICATES

Both field and laboratory duplicate samples are analyzed to determine data precision,
a measure of the reproducibility of field sampling and analysis. The results are
reported as relative percent difference (RPD) and calculated by:

100%

where:

Dl » concentration of first duplicate
D2 - concentration of second duplicate

SERIAL DILUTIONS

For inorganic inductively coupled plasma (ICP) analysis, a serial dilution analysis is
done for each set of samples of similar matrix type and concentration. For an analyte
concentration at least a factor of 10 above CRQL, the measured concentrations of
the undiluted sample and of the sample after a five-fold dilution should agree within
10 percent. If the difference is greater than 10 percent, the results for that compound
are considered estimated because of matrix interference.

INSTRUMENT QC

Other instrument-specific tests include initial and continuing calibration,
decafluorotriphenylphosphine (DFTPP) and bromofluorobenzene (BFB) tuning for
the GC/MS, and determining the linearity of standard calibration curves by
determining the coefficient of correlation (r).

DATA REVIEW AND VALIDATION

CRL DATA REVIEW

The U.S. EPA Sample Management Office receives data packages from the
laboratories in the CLP and distributes them to the Laboratory Sciences Services
Section (LSSS) of the Region V CRL. The LSSS reviews all data packages resulting
from regional sampling efforts. The following items are reviewed (as stated in
U.S. EPA guidelines):

o Sample holding times at the CLP laboratory
o GC/MS tuning and performance (organics)
o Instrument calibration
o Blanks
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o Interference check sample analysis (inorganics)
o Surrogate recoveries (organics)
o Matrix and analytical spike analysis
o Duplicate sample analysis
o Compound identification (organics)
o Overall assessment of data

DATA VALIDATION

After CH2M HILL receives the CRL-reviewed data packages, the reviewer's
comments are summarized in the final data validation before data interpretation by
project staff. Any data noted in the review that should be qualified are flagged with
the appropriate symbol (Table C). Results for field blanks and field duplicates are
reviewed (these may or may not have been considered by the LSSS) and the data
further qualified if necessary. Finally, the data set as a whole is examined for
consistency, anomalous results, and whether the data are reasonable for the samples
involved. Table C lists the data qualifiers used in this project and explanations of
their use. Data flagged with a qualifier may be used to varying degrees or may be
completely unusable, depending on the type of problem and significance of the data
point.

Data review packages are identified by sample case numbers and traffic report
numbers for routine analytical services (RAS) and by SAS numbers for special
analytical services (e.g^ fast turnaround times or high-hazard samples). For RAS
samples a case number is assigned to a group of samples collected at one time, and
individual samples are assigned unique traffic report numbers to identify them from
time of sampling through reporting of the analytical data. For SAS samples, the first
four numbers define a group of samples and the final letters/numbers identify
individual samples (e.g., SAS 3136-EO1, SAS 3136-EO2).

GROUNDWATER SAMPLE RESULTS AND
QUALITY CONTROL REVIEW (STEP I)

INORGANIC CONSTITUENTS

Residential Wells

Thirteen residential well samples and one field blank were submitted to Associated
Laboratories for analysis of metals and cyanide (Case 8510, FIR
Nos. MER637-MER650). All samples were analyzed by low concentration
procedures. The results for these samples are presented in Table B-4 and are
qualified as follows:

o Spike recovery for mercury (130 percent) is beyond control limits and all
positive results are flagged as estimated (J) and may be biased high.

o The field blank contained barium (36 ng/1), calcium (608 ug/1), copper
(11 ug/1), iron (59 ug/1), lead (0.62 ug/1), magnesium (49 u$T), sodium
(1,180 iig/1), and zinc (15 ug/1). Laboratory blanks contained iron (7.2 to
48 ug/1), lead (0.9 pg/1), magnesium (39 ug/T)» manganese (15 ug/l)»
sodium (38 to 45 ji^l), and zinc (5.4 jig/1). Samples associated with
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these blanks which contain these contaminants with concentrations less
than five times the blank concentration are considered unusable and are
flagged "B."

Monitoring Wells

Fourteen groundwater samples and one field blank were analyzed by Rocky Mountain
Analytical Laboratory (RMAL) for metals and cyanide (Case 8510, FTR
Nos. MER620, MER625- MER636, MEK995-MEK996). All samples were analyzed
by low concentration procedures. The results for these samples are presented in
Table B-5 and are qualified as follows:

o Spike sample recovery for lead (74.5 percent) indicates a low bias and
all lead data are considered as estimated (J).

o Aluminum (31.6 jig/1), barium (34.3 jig/1), calcium (409 to 1,860 iig/1),
lead (1.2 ng/1), magnesium (605 ng/1), manganese (11.6 iig/1), potassium
(126 pg/1) and sodium (4,250 jig/l) were identified in the field blanks
from this sampling period. These blanks also apply to Case 8413 (see
below). Samples associated with the field blanks which contain these
contaminants with concentrations less than five times the blank
concentration are considered unusable and flagged "B."

Thirty-one groundwater samples and two field blanks were analyzed by RMAL for
metals and cyanide (Case 8413, ITR Nos. MEK997-MEK999, MEM494-MEM497,
MEM499, \feM500, MER600-MER619, MER621-MER624) by low concentration
procedures. The results for these samples are presented in Table B-5. This case
consisted of two sample digestion groups (SDG) with separate QA/QC analyses and
separate data reviews. The data are qualified as follows:

o The spike sample recovery for selenium (0 percent) is below the control
limits for the 20 samples associated with SDG No. MEK997 (ITR
Nos. MEK997-MEK999, MEM494-MEM500, and MEM600-MEM611).
All non-detected selenium results for these samples are considered
unusable and flagged "R."

o The percent difference after serial dilution for potassium and sodium are
beyond the control limits for the 20 samples associated with SDG
No. MEK997. All sodium and potassium results are considered
estimated and flagged "J."

o The field blanks discussed with Case 8510 (above) also apply to these
samples.

Twenty-two groundwater samples, including two field blanks and one field duplicate,
were analyzed for COD, TSS, TOC and alkalinity by Centec Analytical Services, Inc.
(SAS Nos. 3449 E19-E34, E68, E69, E97, E98, E100-E105, E14-7-E162, E183, and
E184). Results are presented in Table B-6. The data are qualified as follows:

o COD was measured in both field blanks (7.7 to 8J mg/1). Any sample
with COD less than 20 mg/1 is considered unusable and flagged "B."
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ORGANIC COMPOUNDS

Residential Wells

Thirteen residential well samples and one field blank were submitted to S-Cubed
Laboratory for organics analysis (Case 8510, OTR Nos. EQ140-EQ153). All samples
were analyzed by low concentration procedures. The results for these samples are
presented in Table B-7 and are qualified as follows:

o The holding time limit was exceeded for sample EQ144 and all positive
results for this sample are flagged as estimated (J).

o Method blanks contained the common laboratory contaminants
methyiene chloride (4.4 to 5.2 iigA), acetone (16 to 20 tig/1),
diethylphthalate (1.7 y.g/1), and bis(2-«thyi .xyl)phthalate (2 ng/1).
Samples associated with these blanks which contain these contaminants
with concentrations less than 10 times the blank values are considered
unusable and flagged "B."

o The field blank contained tetrachloroethene (1.2 u.g/1) and the common
laboratory contaminants methyiene chloride (1.7 u.g/1), toluene (3 ng/1)
and bis(2-ethylhexyl)phtnalate (2.9 ng/1). Samples associated with this
blank which contain these contaminants with concentrations less than
5 times the blank concentration for tetrachloroethene or less than 10
times the blank concentrations of the other detected common laboratory
contaminants are considered unusable and flagged "B."

Monitoring Wells

Fourteen water samples and two field blanks were submitted to Hazleton
Laboratories for analysis of organic compounds (Case 8510, OTR Nos. EP389, EP390,
EQ122, EQ127-EQ139). Sample EQ134 was analyzed for VOCs only while all other
samples were analyzed for VOCs and semrvolatile organic compounds (SVOCs). All
samples were analyzed by low concentration procedures. The results for these
samples are presented in Table B-8 and are qualified as follows:

o Chloroform (0.7 to 2 ugA) and the common laboratory contaminants
methyiene chloride (2 to 6 u.g/1), acetone (5 to 20 iig/1), and toluene (0.4
to 2 u.g/1) were identified in method, field, and bottle blanks. Samples
associated with these blanks which contain these contaminants with
concentrations less than 5 times the chloroform or 10 times the other
detected common laboratory contaminant concentrations in the blanks
are considered unusable and flagged "B."

o Due to calibration outliers, the results for acetone (EQ122, EQ127-
EQ130, EQ132, EQ133, EQ135-EQ138, EP390), benzene (EQ139), and
methyiene chloride (all samples) are considered estimated (I).

Thirty groundwater samples and two blanks were submitted to Spectrix Laboratory
for analysis of organic compounds (Case 8413, OTR Nos. EP391-EP395, EQ103,
EQ104, EQ106-EQ121, EQ123-EQ126, EQ210, EQ211, EQ213-EQ215). In addition,
five samples were reextracted for semrvolatile organic compounds only. All samples

B-6



were analyzed by low concentration procedures. The results for these samples are
presented in Table B-8 and are qualified as follows:

o Holding times for the five reextracted samples (EP391, EQ113, EQ115,
EQ117, EQ213) were exceeded. Results for these samples are flagged
as estimated (J).

o The common laboratory contaminants methylene chloride Og/1) and
bis(2-ethylhexyl)phthalate (2 to 23 ng/I) were identified in the method
and field blanks. Samples associated with these blanks which contain
these contaminants with concentrations less than 10 times the blank
concentrations are considered unusable and are flagged "B."

o Due to calibration outliers, results for acetone in samples EQ109 and
EQ110 and 2-butanone in sample EQ111 are considered estimated and
flagged "J."

Low Detection Limit VOCs

Sixty-nine groundwater samples from residential and monitoring wells, including
several sets of field triplicates and two field blanks, were analyzed for low
concentration VOCs ty Spectrix Laboratory (SAS Nos. 3449 E01-E18, E70-E81, E83,
E106-E118, E125-E146, E177-E179). A summary of the results is presented in Table
B-9. The data are qualified as follows:

o Chloroform (0.05 jig/1) and benzene (0.12 jig/1) were measured in the
field blanks. Any sample concentration less than five times the blank
concentrations for these compounds are considered unusable and
flagged HB."

o Surrogate spike recoveries were below control limits for samples E07
(52 percent) and EOS (54 percent). No VOCs were detected in these
samples; however, the data may have a low bias and the detection limits
may be higher than reported.

Low Detection Limit PAHs

Sixty-nine groundwater samples from residential and monitoring wells, including
several sets of field triplicates and two field blanks, were analyzed by SWOK for low
concentration PAHs (SAS Nos. 3449 E37-E67, E82, E84-E96, E99, E120-E125, E163-
E176, E180-E182). All data should be considered estimated because of analytical
difficulties, except those unusable data where blank contamination was likely. Results
are presented in Table B-10. A summary of the QA/QC results and data qualification
follows:

o Naphthalene, 1-methylnaphthalene, and 2-methylnaphthalene were
measured in the two field blanks, at concentrations from 0.4 to 0.6 ng/1.
Any concentrations less than five times field blank concentrations for
these compounds in all samples are considered unusable and flagged
"B."
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The laboratory blank summary form was not included in the data
package from the laboratory, although it was stated that no blank
concentrations exceeded 5.0 ng/1 (5.0 ng/1 is the CRQL for this SAS).
Pending further information from the laboratory or CRL, any data less
than 25 ng/1 should be considered suspect. (No PAH concentrations
above 25 ng/1 were measured in any of these samples.)

Fifty-six out of the sixty-nine samples had surrogate spike recoveries
below the control limits. The data set as a whole may be biased low,
and any usable data should be considered estimated (J).

Matrix spike recoveries and duplicate results indicate matrix interference
for most of the compounds. There were also at least 20 tentatively
identified organic compounds in each sample, with many of them
matching library spectra of the target compounds. This suggests
analytical problems due to interference and supports qualifying the
entire set of usable data as estimated.

SOIL AND SEDIMENT SAMPLE RESULTS
AND QUALITY CONTROL REVIEW (STEP I)

INORGANIC CONSTITUENTS

High Concentration Soil and Sediment

Nine soil samples, separated into solid and aqueous phases, were analyzed by JTC
Environmental Consultants for high concentration metals (SAS Nos. 3249 101-109).
The results for these samples are presented in Table B-ll and are qualified as
follows:

o The aqueous phase analysis spike recovery for lead (81 percent) is below
the control limits and all lead results for aqueous samples are considered
estimated and flagged "J."

o The aqueous phase method spike recoveries are beyond control limits
for cadmium (127 percent) and cobalt (69 percent). Results for these
contaminants in aqueous samples are flagged as estimated (J).

o The solid phase spike recoveries for iron (75 percent) and silicon
(77 percent) are below the control limits. Results for these
contaminants are considered estimated and flagged "J."

o The solid phase method spike recovery for antimony (60 percent) is
below the control limit and all results for antimony are flagged as
estimated (J).

Subsurface Soil^er

Seven subsurface-soil samples and one field blank were analyzed by RMAL for low
concentration metals (Case 8195, ITR Nos. MEM472, MEM475, MEM478-MEM480,
MEI789-MEI791, MEG971-ME6974). Samples MEM472 and MEM475 are included
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in QC Report No. 87354, and MEM478-MEM480, MEI789-MEI791, and MEG971-
MEG974 are included in QC Report No. 87320. The results for these samples are
presented in Table B-12 and are qualified as follows:

o Spike sample recoveries for antimony (51 percent), arsenic (145 percent)
and selenium (0 percent) are beyond the control limits for QC Report
No. 87354. There were no positive results for these constituents. No
flags are necessary for antimony or arsenic, and the non-detected
selenium results are considered unusable and flagged "R."

o The spike recovery for lead (52 percent) is below control limits for
samples in QC Report No. 87320. All lead data may be biased low and
are considered estimated (J).

Sediment

Twenty-two sediment samples and one field blank were analyzed by RMAL for low
concentration metals (Case 8350, ITR Nos. MEM460-MEM469, MEM476, MEM477,
MEM481-MEM490, MEM493). The results for these samples are presented in
Table B-13 and are qualified as follows:

o The matrix spike recovery for antimony (55 percent) was below control
limits and may indicate a low bias. Results are considered estimated and
flagged "J."

o For lead, the spike recovery (459 percent) and duplicate RPD
(70.8 percent) are beyond the control limits so that the data are
considered unusable (R).

o The percent difference after serial dilution for aluminum (15 percent),
calcium (262 percent), and manganese (69 percent) indicate interference
and the data for these sample constituents are flagged as estimated (J).

o Duplicate results for copper (41.1 RPD) are beyond the control limits,
and these data are considered estimated (J). •

o Analysis spike results were beyond the control limits for thallium (all
samples), selenium (MEM466-MEM469, MEM477, MEM483-MEM484,
MEM486, MEM488-MEM489), arsenic (MEM464-MEM465, MEM476-
MEM477, MEM482, MEM490, MEM493), and lead (MEM493). Usable
results for these samples are considered estimated (J).

o Method of standard addition correlation coefficients for arsenic in
samples MEM466-MEM469, MEM485 and MEM486 were less than
0.995. These data are considered estimated (J).

Surface Soil

Eleven surface soil samples and one field blank were analyzed by RMAL for low
concentration metals and cyanide (Case 8195 ITR Nos. MEG970, MEG975-MEG979,
MET721, MEI787, MEI792, MEM457-MEM459). The results for these samples are
presented in Table B-14 and are qualified as follows:
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Matrix spike recovery for lead (131.9 percent) is above the control limits.
All lead results may be biased high and are considered estimated (J).

Matrix spike recovery for cyanide (17 percent) is below the control limits
and all cyanide data are considered estimated (J). Detection limits may
be higher than those listed and the data may be biased low.

Duplicate analysis results for copper are beyond the control limits and
all copper results are considered estimated (J).

The percent difference after serial dilution for calcium (10.3 percent)
indicates matrix interference and all calcium data are considered
estimated (J).

_ ^ ircent moisture resulted in elevated detection limits (above
CRQL) for cadmium (MEG970, MEG976, MEI721, and MEM457) and
lead (MEG970, MEG976-MEG979, MEI721, and MEM461). Data are
reported as less than listed laboratory detection limits (e.g., §49.1 mg/1).

INCINERATION PARAMETERS IN SOIL AND SEDIMENT

Fourteen surface soil and sediment samples and two field blanks were submitted to
Weyerhaeuser for analysis of TOC, heating value, ash content, moisture content, and •
percent content of carbon, nitrogen, oxygen, and sulfur (SAS New. 3330 E18, El9, I
E25-E27, E29, E30, E34, E40, E42, E49, E52, E53, E55, £57, E58, E60-E62). The
results for these samples are presented in Tables B-15 and B-16 and are qualified as g
follows:

o Total organic carbon data are estimated (J) because of low spike
recoveries (78 and 84 percent).

o Duplicate sample differences for heating value analyses exceeded
50 Btu/Ib. Although the RPD was only 8 percent, these values are
considered estimated (J) according to the analytical method.

ORGANIC COMPOUNDS

Soil and Sediment

Ten sediment samples were submitted to Energy and Environmental Engineering, Inc.
for analysis of organic compounds, including pesticides (Case 8350, OTR Nos. EP361-
EP366, EP373, EP374, EP378, EP379). All samples were analyzed by low
concentration procedures. The results for these samples are presented in Table B-17
and are qualified as follows:

o All pesticide extraction holding times were exceeded, so all pesticide
results are considered estimated and flagged "J."

o Compound degradation during chromatographic analysis, especially
noted for DOT, affected samples EP365, EP366, EP373, EP378, and
EP379. In samples where ODD/DDE results are positive but DDT was
not detected, DDT results are considered unusable (R).
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o All endrin and endrin ketone/aldehyde results are flagged as preliminary
(P) pending further information from the laboratory.

o One or more VOC surrogate spike recoveries were beyond control limits
for samples EP363, EP363RE, EP365, EP365RE, EP378, EP378RE,
EP379, and EP379RE. All positive results for these samples are flagged
as estimated (J).

o Low recovery for the surrogate spike and one or more SVOC internal
standard outliers were identified for samples EP378, EP379, EP379RE,
EP361, EP374, EP374RE, EP362, and EP362RE. All positive SVOC
results for samples EP361, EP378 and EP379, are estimated (J) and all
positive results for sample EP362 are estimated (J) for pyrene,
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, and
benzo(k)fluoranthene.

o The common laboratory contaminants methylene chloride (14 to
21 tig/kg), acetone (15 to 22 tig/kg), toluene (3 to 4 ng/kg) and
2-butanone (19 to 28 tig/kg) were identified in the VOC method blanks.
Samples with concentrations of these contaminants less than 10 times
the blank concentration are considered unusable and flagged "B."

o Due to calibration outliers the following results are considered estimated
(J): acetone, 2-butanone, indeno(l,2,3-cd)pyrene, and
benzo(g,h,i)perylene (all samples); pyrene, chrysene, and
benzo(k)fluoranthene (EP362-EP364, EP366).

Eight sediment samples and one field blank were analyzed by American Analytical
Technicals for organic compounds, including pesticides (Case 8350, OTR Nos. EP380-
EP387, EP391). All samples were analyzed by low concentration procedures, except
EP386 and EP387 which were analyzed as medium-level samples. The results for
these samples are presented in Table B-17 and are qualified as follows:

o Sample EP387 was not associated with any VOC method blank in the
laboratory data package. The data for this sample are flagged as
preliminary (P) until further information is received.

o The field blank was contaminated with 2-butanone (21 |ig/kg) and
toluene (8 ng/kg). All positive sample results with concentrations of
these contaminants less than 10 times the blank concentrations are
considered unusable and flagged "B."

o The method blanks contained chloroform (0.6 to 0.8 iig/kg) and the
common laboratory contaminants methylene chloride (8 tig/kg) and
toluene (0.3 ng/kg). Samples with chloroform concentrations less than 5
times the blank concentration or with methylene chloride or toluene
concentrations less than 10 times the blank are considered unusable and
flagged "B."

o Samples EP381, EP384, and EP385 each had two surrogate recoveries
above the control limits in the SVOC fraction. All SVOC data for these
samples are considered estimated (J).
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Four sediment samples, twelve surface soil samples, eleven subsurface soil samples,
and two blanks were analyzed by MetaTrace, Inc. for low concentration VOCs and
SVOCs (Case 8195, OTR Nos. EL557, EL558, EP339-EP360, EP369, EP372, EP375-
EP377). Results are presented in Tables B-17, B-18, and B-19 and are qualified as
follows:

o Holding times were exceeded for all VOC samples except EP341,
EP342, EP347, EP369, and EP377. Those data are considered estimated
and flagged "J."

o Holding times were exceeded for SVOC samples EP348, EP369, EP372,
EP376, and EP377. The data for these samples are considered
estimated and flagged "J."

o VOC method blanks contained the common laboratory contaminants
methylene chloride (2 to 5 tig/kg), acetone (26 to 43 tig/kg), and toluene
(6 ng/kg). Samples associated with these blanks which contain these
contaminants with concentrations less than 10 times the blank
concentration are unusable and flagged "B."

o The surface and subsurface soil field blanks contained methylene
chloride (3 to 10 tig/kg), acetone (13 |ig/kg), dibutylphthalate (120 to
3000 ug/kg), bis(2-ethylhexyl)phthalate (81 to 470 pg/kg) and
di-n-oictylphthalate (170 ng/kg). Associated sample results with
concentrations for these compounds less than 10 times those in the field
blanks are considered unusable and flagged "B."

o VOC calibration outliers were identified for methylene chloride (EL557,
EL558, EP342-EP344, EP349-EP354) and acetone (EL557, EL558,
EP339, EP348, EP369, EP375, EP376). Methylene chloride and acetone
results for these samples have been flagged as estimated (J).

o SVOC calibration outliers were identified for bis(2-ethylhexyl)phthalate
(EP341, EP348, EP369, EP372), indeno(l,2,3-cd)pyrene (EP341, EP348,
EP356-EP358, EP354, EP360), and benzoic acid (EP341, EP348, EP356-
EP358, EP354, EP360, EP369, EP372). The results for these compounds
are considered estimated (J).

o Two or more SVOC surrogate recoveries were below control limits but
greater than 10 percent for samples EP340, EP339, and EP352. The
results for these samples are considered estimated (J).

o Samples EP343, EP347, EP350, and EP354 had at least two surrogate
recoveries below 10 percent The positive results for these samples are
considered estimated (J) while the negative results are considered
unusable (R).

Medium Cone tration Soil

Nine soil samples, including one field duplicate, were analyzed for medium
concentration organic compounds by Nanco Laboratory (SAS Nos. 3155 101-109).
Results are presented in Table B-20 and qualified as follows:
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o Methytene chloride was measured in the method blank at 0.7 tig/kg.
Any methylene chloride data less than 10 times the blank concentrations
are considered unusable and flagged "B."

o Due to calibration outliers, methylene chloride, 1,2-dichloroethane,
acetone, 2-chlorophenol, 2-methylnaphthalene, pyrene, and dieldrin in all
samples and phenanthrene in samples 101-108 should be considered
estimated and are flagged "J."

Low Detection Limit PAHs

Forty-eight soil samples, including several sets of field duplicates and two field blanks,
were analyzed for low concentration PAHs by Hittman Ebasco Associates, Inc. (SAS
Nos. 3330 E01-E48). The results are presented in Tables B-21 to B-23. Due to
several analytical or QA/QC difficulties, some of the data should be considered
unusable; the rest should be considered estimated. Data qualifications are
summarized as follows:

o Indeno(l,2,3*cd)pyrene (75 to 130 *ig/kg), dibenzo(a,h)anthracene
(110 }ig/kg), and benzo(g,h,i)perylene (70 to 120 jig/kg) were measured
in laboratory blanks. Sample concentrations less than five times blank
concentrations for these compounds in associated samples are
considered unusable and Sagged "B."

o The surrogate spike compounds specified by the SAS were not used in
samples £01 through £15, and the surrogate compounds that were used
did not include any PAH compounds. Also, surrogate spikes in samples
E16 through £48 were added at 30 times the concentration specified by
the SAS. Since there are no useful surrogate recovery data for any of
the samples, all usable data should be considered estimated (J).

o Data are reported for samples £20, E23, E25, £28, £33, and E46, both
undiluted and after diluting by a factor of 10 or 20. Only diluted results
are reported for £21, £24, £26 and £45. No reason was given in the
data review of laboratory case narrative for the dilutions. Pending an
explanation from the laboratory, the undiluted data should be used
where both undiluted and diluted sample data are reported.
Compounds measured in samples after dilution that were not detected
before dilution include: pyrene, chrysene, dibenzo(aYh)anthracene, and
benzo(g&i)perylene in sample E20DL; fluoranthene and pyrene in
sample E23DL; phenanthrene, anthracene, and benzo(g,h,i)peryiene in
sample E25DL; phenanthrene, fluoranthene, pyrene, chrysene,
benzo(b)fhioranthene, benzo(a)pyrene, perylene, and
indeno(l,2,3«cd)pyrene in sample E28DL; and chrysene in E46DL.
These data are all considered unusable (R) for the diluted samples as
listed.

o Sample £36 was re-analyzed and reported as E36RE, although no
reason was given by the laboratory for the re-analysis. Pending an
explanation from the laboratory, data from £36 should be used rather
than E36RE.
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o Benzo(a)pyrene and perylene were not separated by the laboratory
chromatographic analysis, and often the same concentration was
reported separately for both in one sample. These data are probably
from a single peak and should be reported as benzo(a)pyrene plus
perylene.

o Data for sample Ell were not listed on the laboratory form. It is not
known whether any PAHs were detected in this sample. (Further
information from the laboratory was requested but has not yet been
received.)

o Poor reproducibility in field duplicates and matrix spike duplicates were
apparent for most of the target PAHs. Several calibration outliers were
also reported, involving most of the undiluted and all of the diluted
samples. These results support the qualification of all usable data as
estimated.

GROUNDWATER SAMPLE RESULTS
AND QUALITY CONTROL REVIEW (STEP U)

INORGANIC CONSTITUENTS

Eight groundwater samples from monitoring wells and one field blank were submitted
to Rocky Mountain Analytical Laboratory for metals analyses (Case 9571, MER996,
MEW308, MEW310, MEW312, MEW314, MEW316, MEW318, MEW320,
MEW322). All samples were analyzed by low concentration procedures. The data is
presented in Table B-24 and qualified as follows:

o Calcium (94.4 jig/1) potassium (129.0 ng/1), zinc (6.7 jig/1) and lead
(4.7 tig/1) were identified in the preparation blanks. Aluminum
(80.4 |ig/l) calcium (642 |ig/l), lead (3.7 jig/R magnesium (135 pg/1),
potassium (125 ng/I) and zinc (11.1 ng/1) we e found in the field blank.
Samples associated with these blanks which contain these contaminants
at concentrations less than five times the blank concentrations are
considered unusable and flagged "B."

o Spike sample recoveries for antimony (72.4 percent) beryllium
(71.2 percent), chromium (74.0 percent), silver (50.0 percent) and
selenium (27 percent) indicate a low bias. All antimony, beryllium,
chromium and silver data are considered estimated (J). Ail the
nondetected results for selenium are considered unusable and
flagged "R."

o Duplicate results for cadmium (200 RPD) and silver (23.2 RPD) are
beyond the control limits and these data are considered estimated (J).

o Due to interference effects, the results for arsenic (MER996, MEW310,
MEW316, MEW318, MEW 320) and thallium (MER996, MEW308,
MEW310, MEW316, MEW318), MEW320) are considered
estimated (J).
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Nineteen groundwater samples from monitoring wells and one field blank were
submitted to Rocky Mountain Analytical Laboratory for metals analysis and nineteen
filtered groundwater samples and one filtered field blank for metals and cyanide
analyses (Case 9542, MER926-962, MER964, MER965, MER971). All samples were
analyzed by low concentration procedures. The results are presented in Tables B-24
and B-25 and qualified as follows:

UmHtered samples (MER 926-962, even numbered, MER 964)

o Antimony (42.8 tig/I) was reported in the initial calibration blank and
potassium (57.2 jig/1) was reported in the preparation blank. Aluminum
(86.3 |ig/l), barium (10 pg/1), calcium (499 tig/1), iron (73.4 ug/1), and
potassium (48.5 ug/1) were found in the field blank. Samples associated
with these blanks which contain these contaminants at concentrations
less than five times the blank concentrations are considered unusable
and flagged "B."

o Spike sample recoveries for antimony (39.2 percent), selenium
(0 percent) and silver (37.2 percent) indicate a low bias. All antimony,
and silver results are considered estimated (J). All the nondetected
results for selenium are considered unusable and flagged "R."

o Duplicate results for zinc (22.5 RPD) are beyond the control limits and
the data are considered estimated (J).

o The percent difference after serial dilution for barium are beyond the
control limits and all barium results are considered estimated (J).

o Due to interference effects, the results for arsenic (MER939), lead
(MER944) and thallium (MER926-942, even numbered, MER946-956,
even numbered and MER960-964, even numbered) are considered
estimated (J).

Filtered samples (MER926-962, odd numbered, MER965, MER971)

o Antimony (45.7 p.g/1) and potassium (16.8 jig/1) were identified in the
initial calibration blanks. Aluminum (103 jig/l), calcium (570 jig/1), iron
(83.0 ug/1) and zinc (63 jig/1) were found in the field blank. Samples
associated with these blanks which contain these contaminants at
concentrations less than five times the blank concentrations are
considered unusable and flagged "B."

o Spike sample recovery for silver (41.8 percent) indicates a low bias and
all silver data is considered estimated (J).

o Duplicate results for lead (200 RPD) and vanadium (200 RPD) one
beyond the control limits and these data are considered estimated (J).

o Due to interference effects, the results for lead (MER941, MER957),
selenium (MER927, MER929, MER937, MER939, MER941, MER951,
MER953, MER959, MER961, MER965, MER971) and thallium
(MER927-933, odd numbered, MER937-943, odd numbered, MER951-
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957, odd numbered, MER961, MER965, MER971) are considered
estimated (J).

Eight filtered groundwater samples from monitoring wells and one field blank were
submitted to Rocky Mountain Analytical Laboratory for metals and cyanide analyses
(Case 9571, MER997, MEW309, MEW311, MEW313, MEW315, MEW317,
MEWS 19, MEW321, MEW323). All samples were analyzed by low concentration
procedures. The results are presented in Table B-25 and qualified as follows:

o Zinc (12.6 pg/1) and lead (4.4 u.g/1) were reported in the preparation
blanks. Antimony (55.1 iig/1) was found in the initial calibration blank.
The field blank was found to have aluminum (182 jig/1), barium
(35.1 ng/1), calcium (878 iig/1), iron (108 iig/1), magnesium (146 jig/1), and
zinc (7.2 ug/1). Samples associated with these blanks which contain these
contaminants at concentrations less than five times the blank
concentrations are considered unusable and flagged "B."

o Spike sample recoveries for silver (51.8 percent) and lead (63.5 percent)
indicate a low bias and all silver and lead data are considered
estimated (J).

o Duplicate results for lead (25.4 RPD) are beyond the control limits, and
these data are considered estimated (J).

Seventeen groundwater samples from monitoring wells and two field blanks were
submitted to Rocky Mountain Analytical Laboratory for metals analysis and seventeen
filtered groundwater samples and two filtered field blanks for metals and cyanide
analysis (Case 9542, MEW300-307, MER963, MER966-970, MER972-977, MER980-
995, MER998, MER99). All samples were analyzed by low concentration procedures.
The results are presented in Tables B-24 and B-25 and qualified as follows:

Unfiltered samples (MEW300-307, even numbered, MER966-970, even numbered,
MER972-977, even numbered, MER980-955, even numbered, MER998).

o Calcium (137 jig/1), copper (9.5 ug/1), and zinc (12.1 jig/1), were
identified in the preparation blanks. Aluminum (67.5 pg/1), calcium
(567 jig/1), copper (7.2 ug/1), lead (5.6 jig/1), magnesium (129 iig/1),
potassium (55J jig/1), sodium (2180 ug/1), rod zinc (5.6 |ig/l) were
reported in the field blanks. Field blanks from Case 9542 above also
apply to some samples in this group. Samples associated with these
blanks which contain these contaminants at concentration less than
five times the blank concentration are considered unusable and
flagged "B."

o Surrogate spike recoveries were outside the control limits for aluminum,
selenium, and iron. Aluminum and iron results are considered
estimated (J), and selenium results are considered estimated (J) for
positive results and unusable for nondetected results (R).

o Due to interference effects, results for lead (MER988), selenium
(MER966, MER968, MER988, MER304, MER306), and thallium
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(MER966-974 even numbered, MER980-995, even numbered, and
MEW300-307, even numbered) are considered estimated.

Filtered samples (MEW300-307, odd numbered, MER963, MER966-970, odd
numbered, MER972-977, odd numbered, MEW980-955 odd numbered, and
MER995).

o Calcium (156 jig/1), copper (11.3 tig/1), magnesium (120 u.g/1), and zinc
were found in the preparation blanks. Aluminum (49.8 ng/1), barium
(31 jig/1), calcium (905 jig/1), copper (8.6 u-g/1), lead (7.6 ng/1),
magnesium (17.1 ug/1), and zinc (15.2 jig/1) were reported in the field
blanks. Field blanks from Case 9542 above also apply to some samples
in this group. Samples associated with these blanks which contain the
contaminants at concentration less than five tunes the blank
concentrations are considered unusable and flagged "B."

o Spike sample recovery was outside control limits for silver
(49.6 percent), lead (74 percent), and selenium (126 percent). Results
for these compounds are considered estimated (J).

o Method duplicates were outside the control limits for zinc and results for
this compound are considered estimated (J).

o Due to interference effects, results for thallium (MER963, MER967,
MER969, MER973, MER975, MER980-995, odd numbered, MER999,
MEW300-307, odd numbered), arsenic (MER967, MER969, MER975,
MER981, MER983, MER987, MER989, MER993, MER995) and lead
(MER977, MER995), are considered estimated.

o Due to low correlation coefficients, results for lead (MER989) and
selenium (MER973, MER975, MER981, MER983, MER989, MER993,
MER995, and MER987) are considered estimated (J).

ORGANIC COMPOUNDS

Ten groundwater samples from monitoring wells and one field blank were submitted
to PEI Associates, Inc., for analysis of organic compounds (Case 9571, OTR Nos.
EW547-556, EW540). EW550 and EW552 were analyzed for VOCs only and EW556
for semi-volatile organic compounds only (SVOCs). All other samples were analyzed
for VOCs and SVOCs. All samples were analyzed by low concentration procedures.
EW548 was diluted and reanalyzed. The results for these samples are presented in
Table B-26 and qualified as follows:

o 2-butanone was reported in EW550 and EW555 and a laboratory blank
but the spectrum was actually l,2-dichloroethane-d4.

o 2-methylnaphthalene was reported in EW554 but due to poor spectral
matching and poor retention time matching, EW554 was considered
unusable and flagged "R" for this compound.

o 2-hexanone (9 pg/1) and the common laboratory contaminant, acetone (6
to 10 jig/1) were identified in the laboratory blanks. The common
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laboratory contaminants, methylene chloride (5 to 13 p.g/1) and di-n-butyl
phthalate (4 jig/1) were found in the laboratory and field blanks and also
chloroform (30 |ig/l) was found in the field blanks. Samples associated
with these blanks which contain these concentrations at concentrations
less than five times the 2-hexanone or chloroform or 10 times the
common laboratory contaminant blank concentrations are considered
unusable and flagged "B."

o Due to calibration outliers, the results for 2-butanone (all samples) are
considered unusable and flagged "R" and for bis(2-ethylhexyl) phthalate
(all samples) are considered estimated (J).

o Due to interference effects, the results for 1,2-dichloroethene (EW548)
and vinyl chloride (EW548) are considered estimated (J).

o The holding time for VOC analyses for sample EW540 was exceeded by
two days. All aromatic compounds in this sample are considered
estimated and flagged "J."

Thirty-nine monitoring well groundwater samples and three field blanks were
submitted to S-Cubed Laboratory for analyses of organic compounds (Case 9542,
OTR Nos. EW503-EW530, EW532-EW539, EW541-EW547). Samples EW535,
EW508, EW527 where analyzed for VOCs only. EW542 and EW524 were analyzed
for semivolatile organic compounds (SVOCs) only. All other samples were analyzed
for VOCs and SVOCs. Sample EW534 was diluted and reanalyzed. All samples
were analyzed by low concentration procedures. The results for these samples are
presented in Table B-26 and are qualified as follows:

o The common laboratory contaminants methylene chloride (3-8 ng/1) was
found in the field and laboratory blanks. Chloroform (32 ng/1) was
found in the field blanks. Common laboratory contaminants,
acetone (9-22 iig/I) and di-n-butyl phthalate (8 ng/1) were found in the
laboratory blanks. Samples associated with these blanks which contain
these contaminants at concentrations less than five times the chloroform
or ten times the other detected common laboratory contaminants are
considered unusable and flagged "B."

o Due to calibration outliers, the results for 2-butanone (EW534, EWS35,
EW537, EW539, EW541, EW544) are considered unusable (R) for
nondetected results and estimated (J) for detected results. Also due to
calibration outliers, the results for acetone are considered estimated (J).

o Surrogate spike recoveries were below control limits for more than one
SVOC surrogate for EW534 (9 percent, 9 percent) and EW534RE
(8 percent, 9 percent). The data are biased low and all SVOC results
for these samples are flagged estimated (J) for detected compounds and
unusable (R) for undetected compounds. Detection limits may be
higher than reported.

o Matrix spike recovery for sample EW515 was very low (0 percent) for
4-Nitrophenol. Results for the unspiked sample were considered
estimated (J) by the CRL Reviewer although no SVOCs were detected.
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o The holding times for re-extraction for EW534RE was exceeded. All
positive results are considered estimated (J).

Low Detection Limit VOCs

Twenty-three groundwater samples from monitoring wells including three sets of
duplicates and two sets of triplicates, three field blanks, and one bottle blank were
submitted to S-Cubed Laboratory for low concentration VOCs analysis
(SAS Nos 3784-E17, E24-E26, E28» E30-E32, E34, E36, E37, E39, E42, E45, E47,
E49, E50, E54, E56, E57, E59, E61, E63, E65, E66, E68, E70). A summary of the
results is presented in Table B-27. The data are qualified as follows:

o Chloroform (0.004 to 243 ng/1), trichloroethene (0.007 to 0.11 ng/1) and
tetrachloroethene (0.011 to 0.49 ng/1) were identified in the laboratory,
field and bottle blanks. Samples associated with these blanks which
contain these contaminants at concentrations less than five times the
blank concentrations are considered unusable and flagged "B."

o Due to calibration outliers, the results for tetrachloroethene (all
samples) were considered estimated (J) for positive results and
unusable (R) for nondetected results.

o Matrix spike recoveries for Sample E31 were high for vinyl chloride
(230, 248 percent) and carbon tetrachloride (149, 190 percent). Results
for the unspiked sample were considered estimated (J) by the CRL
reviewer, although no carbon tetrachloride was detected.

Fifteen monitoring well groundwater samples including one set of duplicates and four
sets of triplicates, one field blank, and one bottle blank were submitted to S-Cubed
Laboratory for low concentration VOCs analysis (SAS Nos. 3784-E72, E74, E76, E77,
E80, E82, E83, E86, E88, E89, E91, E93-E95, E97-E99). A summary of the results is
presented in Table B-27. The data are qualified as follows:

o Chloroform (0.008 to 23.1 |ig/l), trichloroethene (0.008 to 0.133 jig/1) and
tetrachloroethene (0.017 to 0.317 ng/1) were found in the laboratory,
field and bottle blanks. Samples associated with these blanks which
contain these contaminants at concentrations less than five times the
blank concentrations are flagged "B" and considered unusable.

o Matrix spike recoveries for Sample E93 were out of control limits for
vinyl chloride (142-147 percent), and benzene (6-44 percent). Positives
in the unspiked sample were considered estimated (J) by the CRL
Reviewer.

Low Detection Limit PAHs

Thirty-seven monitoring well groundwater samples including several sets of duplicates
and triplicates, and four field blanks were submitted to Datachem Laboratories for
low concentration PAH analysis (Case SAS3784, E18-E23, E27, E29, E33, E35, E38,
E40-E41, E43, E44, E46, E48, E51-E53, E55-E56, E58, E60, E62, E64, E67, E69,
E71, E73, E75, E78, E79, E81, E84, E85, E87, E90, E92, E96, E100). The results are
presented in Table B-28. Due to severe analytical or QA/QC difficulties, all
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nondetected data should be considered unusable (R) and the positive results should
be considered estimated (J) except unusable data (B) due to blank contamination.
Samples E-46, E90, E92, E96, and E100 were diluted and reanalyzed as quantitative
values were out of the range of the standard curve.

Data qualifications are summarized as follows:

o Naphthalene (1 to 3 ng/1), acenaphthene (0.4 ng/1), fluoranthene (0.2 to
2 ng/1), pyrene (0.1 to 1 ng/1), indeno (1,2,3-cd) pyrene (5 ng/1),
phenanthrene (1 ng/1), 1-methylnaphthalene (4 ng/1), and
2-methylnaphthalene (1 ng/1) were measured in the laboratory blanks.
Naphthalene (3 to 9 ng/1), phenanthrene (0.7 to 1 p.g/1),
1-methylnaphthalene (2 to 6 ng/1) were also found in the field blanks.
Sample concentration of these contaminants which are less than
five times blank concentrations for these compounds in associated
samples are considered unusable and flagged "B."

Results for surrogate spike and matrix spike analyses were out of control
limits for most of the data. Results support the qualification of all
usable data as estimated (J).

Holding times from collection to extraction for all samples was exceeded
by one day but should not affect the data quality.

Poor reproducibility in field duplicates and matrix spike duplicates was
apparent for most of the target PAHs. Several calibration outliers were
also reported, involving most of the undiluted and the diluted samples.
These results support the qualification of all usable data as estimated.
All nondetected results are probably unusable (R) with elevated
detection limits.

SUBSURFACE SOIL AND SLUDGE SAMPLES RESULTS AND
QUALITY CONTROL REVIEW (STEP II)

INORGANIC CONSTITUENTS

Subsurface Soil

Twenty-three subsurface soil samples and two field blanks were submitted to
Chemtech Consulting Group for metals and cyanide analysis (Case 9692, MEW324-
348). All samples were analyzed by low concentration procedures. The results are
presented in Table B-29 and qualified as follows:

o Spike sample recoveries were out of control limits for antimony, copper,
manganese, and thallium. Copper, manganese and thallium data are
considered estimated (J) and antimony data are considered
unusable (R).

o The percent difference after serial dilution for vanadium are beyond the
control limits and all vanadium results are considered estimated (J).
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Sludge

Sixteen sludge samples and one field blank were submitted to JTC Environmental
Consultants for metals analysis (Case SAS3249, ITR Nos. MER907, MER909,
MER910, MER912-925). All were analyzed by high concentration procedures. All
samples were found to be 100 percent solid phase. The results are presented in
Table B-30 and qualified as follows:

o Spike sample recoveries for antimony, copper, manganese, nickel, and
silver were out of control limits. All antimony, copper and manganese
results are considered estimated (J) and all nickel and silver data are
considered estimated (J) for positive results and unusable (R) for non-
detected results.

o Duplicate results for barium (40 RPD), iron (57 RPD), lead (39 RPD)
and silicon (45 RPD) are beyond the control limits usually set for soil
samples although no controls have been specified for these SAS analyses
and these data are considered estimated (J).

o Laboratory control samples were out of the 80-120 percent control limits
generally specified for aqueous samples for beryllium, copper, nickel and
sodium and these data are considered estimated (J). No control limits
were specified for these SAS analyses.

o Correlation coefficients for selenium (MER923) and sodium (MER910)
were out of control, and the selenium and sodium results are considered
estimated (J) for these samples.

INCINERATION PARAMETERS IN SOIL AND SLUDGE

Subsurface Soils

Fourteen subsurface soil samples and two field blanks were submitted to
Weyerhaeuser Laboratory for incineration parameter analysis including moisture
content, ash content, total moisture, percent volatile matter, percent fixed carbon,
heating value, and percent carbon, hydrogen, nitrogen, oxygen and sulfur content
(Case SAS3784-E101, E102, E107, E110, E113, E119, E121, E123, E125, E130, E135,
E138, E142, E145, E149, E151).

Fourteen subsurface soil samples and two field blanks were also submitted to the
Weyerhaeuser Laboratory for TOC analyses (Case SAS3784-E104, E108, E109, El 11,
E114, E115, E120, E122, E126, E131, E136, E139, E143, E146, E150, E152) for TOC
analyses. The laboratory was unable to analyze sample E143 for TOC using the
method specified as the sample was too oily. The results are presented in Table B-31
and qualified as follows:

o Method duplicates for percent carbon and hydrogen content were out of
control limits (>10 percent RPD per SAS protocol) and samples for
these analyses are considered estimated (J).
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Sludge

Fifteen sludge samples and one field blank were submitted to Versar Laboratory for
incineration parameter analysis including moisture content, ash content, percent sulfur
and chlorine content, and heating value (SAS3784-E01-E16). Six samples were also
analyzed for viscosity. The results are presented in Table B-32 and qualified as
follows:

o Field duplicate sample differences for heating value analyses for £09
and E10 exceed 59,000 Btu/lb (155 percent RPD) and the results for this
parameter are considered estimated (J).

ORGANIC COMPOUNDS

Sabsurfoce Soil

Twenty-four subsurface soil samples and two field blanks were submitted to Gulf-
South Research Institute for analysis of organic compounds (Case 9629, EW557,
EW559-EW583). EW569 was analyzed for VOCs only and EW572 and EW562 were
analyzed for SVOCs only. All samples were analyzed by low concentrations
procedures. The results are presented in Table B-33 and qualified as follows:

o The common laboratory contaminants, methylene chloride (4 jig/kg to
91 M-g/kg) and acetone (4 ug/kg to 31 ng/kg) were found in the
laboratory and field blanks. In addition, toluene (15 i&g/kg), also a
common laboratory contaminant was found in one field blank. Samples
associated with these blanks which contain these contaminants at
concentrations less than 10 times the blank concentrations were
considered unusable and flagged "B."

o Due to calibration outliers, the results for 2-Butanone (all samples) were
flagged "R," unusable if not detected and "J,'* estimated for positive
results. Also due to calibration outliers, the results for acetone and
4-methyl-2-pemanone (EW567, EW560, EW562-564, EW573-575,
EW571, EW579, EW580) are considered estimated (J).

Sludge

Sixteen sludge samples and one field blank were submitted to to S-Cubed Laboratory
for analyses of organic compounds including VOCs, SVOCs, and pesticides/PCBs
(Case SAS31551, Set 36, OTR Nos. ES595, ES597, ES598, ES600-611), EW501,
EW502). All samples were analyzed by high concentrations procedures. The results
for these analyses are presented in Table B-34 and qualified as follows:

o Methylene chloride (0.011 mg/1) was reported in the laboratory blank.
No data was affected as all concentrations in the samples were greater
than 10 times the methylene chloride concentration in the blanks.

o Due to calibration outliers, the results for methylene chloride (all
samples), acetone (all samples), tetrachloroethene (EW562, ES604,
ES598, ES607, EW601), and 2-butanone (all samples) are considered
estimated (J), 4-Methyl-2-Pentanone results (ES597, ES610, ES602) are
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considered unusable (R). Also due to calibration outliers, the results for
4,4'-DDD (all samples) and 4,4'-DDT (all samples) are considered
estimated (J) and the results for Endosulfan-I (all samples) and
Endosulfan-2 (all samples) are considered unusable (R).

o Surrogate spike recoveries were outside of required control limits for
VOCs in E3597, and ES607. Positive VOC results were considered
estimated (J) for these two samples.

Low Detection Limit PAHs

Twenty subsurface soil samples and two field blanks were submitted to Data Chem
Laboratories for low concentration PAH analysis (Case SAS3784, E103, E105, E106,
E112, E116-118, E124, E127-E129, E132-E134, E137, E140, E141, E144, E147, E148,
£153, and E154). No positives were detected in the samples. No qualification of the
data was necessary. Table B-35 presents the compounds which were analyzed for but
not detected.

REFERENCES

CH2M HILL. Quality Assurance Project Plan, Arrowhead Refinery Site. August 21,
1987.

U.S. Environmental Protection Agency. Laboratory Data Validation Functional
Guidelines for Evaluating Organics Analyses. 1985.

U.S. Environmental Protection Agency. Laboratory Data Validation Functional
Guidelines for Evaluating Inorganics Analyses. 1985.

U.S. Environmental Protection Agency. Standard Operating Procedure for Contract
Compliance Screening (CCS) of Routine Analytical Services Analyses of Inorganics Data.
1987.

GLT932/037.51

B-23



Table B-l
TARGET ANALYTE LIST AND

CONTRACT REQUIRED QUANTIFICATION LIMITS

Inorganic Quantification Limit
Target Low Concentration Analysis2

AnaTyte ______(pg/1)______

Aluminum 200
Antimony 60
Arsenic 10
Barium 200
Beryllium 5
Cadmium 5
Calcium 5,000
Chromium 10
Cobalt 50
Copper 25
Iron 100
Lead 5
Magnesium 5,000
Manganese 15
Mercury 0.2
Nickel 40
Potassium 5,000
Selenium 5
Silver 10
Sodium 5,000
Thallium 10
Vanadium 50
Zinc 20
Cyanide 10

a The quantification limits for samples may be considerably higher depending on the sample matrix. Those
for soil are approximately 200 times higher than values listed, in mg/kg units.

[12/87]
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Table B-2 (Page 1 of *'
TARGET COMPOUND LIST AND

CONTOACT REQUIRED QUANTIFI ATION LIMITS

Quantification Limits
Low Concentration Analysis*-6

Volatile

1.
2.
3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.
25.

26.
27.
28.
39.
30.

31.
32.
33.
34.
35.

Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane
Methylene Chloride

Acetone
Carbon Disulfide
1 , 1-Dlchloroethene
1,1-Dichloroethane
1,2-DichJoroethene (total)

Chloroform
1,2-Dichloroethane
2-Butanone
1,1.1 •Trichloroethane
Carbon Tetrachloride

Vinyl Acetate
Bromodichloromethane
14^2-Tetrachloroethane
1,2-Dichloropropane
Cis- 1 3-DichIoropropenc

Trichloroethene
Dibromochloromethane
1 , 1,2-Trichloroethane
Benzene
Trans- 13-Dichloropropene

Bromoform
2-Heranone
4-Methyl-2-pentanone
Tetrachloroethene
Toluene

Chlorobenzene
EthylBenzene
Styrene
Xylenes (total)
Phenol

CAS Number

74-87-3
74-83-9
75-01-4
75-00-3
75-09-2

67-64-1
75-15-0
75-34-4
75-33-3

540-59-0

67-77-3
107-06-2
78-93-2
71-55-6
56-23-5

108-05-4
75-27-4
79-34-5
78-87-5

10061-02-5

7941-6
124-48-1
79-00-5
71-43-2

10061-01-6

75-25-2
591-78̂
108-10-1
127-18-4
108-88-3

108-90-7
100-41-4
100̂ 2-5
133-02-7
108-95-2

Water

10
10
10
10
5

10
5
5
5
5

5
5

10
5
5

10
5
5
5
5

5
5
5
5
5

5
10
10
5
5

5
5
5
5

10

Soil/Sedimentc

10
10
10
10
5

10
5
5
5
5

5
5

10
5
5

10
5
5
5
5

5
5
5
5
5

5
10
10
5
5

5
5
5
5

330

Note: Specific quantification limits are highly matrix dependent The quantification limits listed herein are
provided for guidance and may not always be achievable.4 Quantification limits listed for soil/sediment are based on wet weight The quantification limits calculated

by the laboratory for soil/sediment, calculated on dry weight basis as required by the contract, will be
higher.b Highconcentration Contract Required Quantification Limits (CRQLs) vary, depending on sample dilution.c Medium soil£ediment CRQLs for volatile TCL compounds are 100 times the individual low soil/sediment
CRQL; for semivolatile TCL compounds they are 60 times the individual low soil/sediment CRQL.



Table B-2 (Page 2 of 4)

Quantification Limits
Low Concentration Analysis*

(Continue

36 bis(2-Chloroethyl)ether
37. 2-Chlorophenol
38. 13-Dichlorobenzene
39. 1,4-Dichlorobenzene
40. Benzyl Alcohol

41. 1,2-Dichlorobenzene
42. 2-Methyiphenol
43. bis(2-ChloroisopropylXther
44. 4-Methylphenol
45. N-Nitroso-Dipropylamine

46. Hexachloroethane
47. Nitrobenzene
48. Isophorone
49. 2-Nitrophenol
50. 2,4-Dimethylphenol

51. Benzole Acid
52. bis(2-Chloroethoxy)methane
53. 2,4-Dichlorophenol
54. 1,2,4-Trichlorobenzene
55. Naphthalene

56. 4-Chloroaniline
57. Hexachlorobutadiene
58. 4-Chloro-3-methylpheno!

(para-chloro-meta-cresol)
59. 2-Metsdhylnaphthalene
60. Httachlorocyclopentadiene

61. 2,4,6-Trichlorophenol
62. 2,4,5-Trichlorophenol
63. 2-Chloroanaphthalene
64. 2-Nitioaniline
65. Dimethyl Phthalate

66. Acenaphthylene
67. 2,6-Dinitrotoluene
68. 3-Nitroanfline
69. Acenaphthene
70. 2,4-Dinitrophenol

111-44-4
95-57-8

541-73-1
106-46-7
100-51-6

95-50-1
95-48-7

39638-32-9
10644-5
621-64-7

67-72-1
98-95-3
78-59-1
88-75-5

105-67-9

65-85-0
111-91-1
120-83-2
120-82-1
91-20-3

106-47-8
87-68-3

59-50-7
91-57-6
77-47-4

88-06-2
95-95-4
91-58-7
88-74-4

131-11-3

208-96-8
606-20-2
99-09-2
83-32-9
51-28-5

Water
fuy/n

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

50
10
10
10
10

10
10

10
10
10

10
50
10
50
10

10
10
50
10
50

Soil/Sediment1
hie/ket

330
330
330
330
330

330
330
330
330
330

330
330
330
330
330

1,600
330
330
330
330

330
330

330
330
330

330
1,600
330

1,600
330

330
330

1,600
330

1,600

Note: Specific quantification limits are highly matrix dependent The quantification limits listed herein are
provided for guidance and may not always be achievable.1 Quantification limits listed for soil/sediment are based on wet weight The quantification limits calculated

by the laboratory for soil/sediment calculated on dry weight basis as required by the contract will be
higher.bHighconcentration Contract Required Quantification Limits (CRQLs) vary, depending on sample dilution.c Medium soil/sediment CRQLs for volatile TCL compounds are 100 times the individual low soil/sediment
CRQL; for semrvolatile TCL compounds they are 60 times the individual low soil/sediment CRQL*



Table B-2 (Page 3 of 4)

Quantification Limits
Low Concentration Analysis*

CAS Number
ScmivQlaiile f Continued")

71. 4-Nitrophenol l(XW)2-7
72. Dibenzofuran 132-64-9
73. 2,4-Dinitrotoluene 121-14-2
74. DiethylphthaUte 84-66-2
75. 4-Chloropbenyl Phenyl ether 7005-72-3

76. Buorene 86-73-7
77. 4-Nitroaniline 1004)1-6
78. 4,6-Dinitro-2-methylphenol 534-52-1
79. N-nitrosodiphenylamine 86-30-6
80. 4-Bromophenyl Phenyl ether 101-55-3

81. Hexachlorobenzene 118-74-1
82. Pentachlorophcnol 87-86-5
83. Phenanthrene 85-01-8
84. Anthracene 120-12-7
85. Di-n-butylphthalate 84-74-2

86. Fluoranthene 206-44-0
87. Pyrene 129-00-0
88. Butyl Benzyl Phthalate 85-68-7
89. 3,3'-Dichlorobenzidine 91-94-1
90. Benzo[a]anthracene 56-55-3

91. Chrysene 218-01-9
92. bis(2-ethylhexyl)phthalate 117-81-7
93. Di-n-octyl Phthalate 117-84-0
94. Benzofbjfluoranthene 205-99-2
95. Benzo[k]fluoranthene 207-08-9

96. Benzo[a]pyrene 50-32-8
97. Indeno[l,23-cd]pyrene 193-39-5
98. Dibcnz[a,h]anthracene 53-70-3
99. BenzofgJujperylene 191-24-2
100. alpha-BHC 319-84-6

101. beta-HBC 319-85-7
101 delta-BHC 319-86-8
103. gamma-BHC (Undane) 58-89-9
104. Heptachlor 76-44-8
105. Aldrin 309-00-2

Water

50
10
10
10
10

10
50
50
10
10

10
50
10
10
10

10
10
10
20
10

10
10
10
10
10

10
10
10
10

0.05

0.05
0.05
0.05
0.05
0.05

Soil/Sediment1

1,600
330
330
330
330

330
1,600
1,600
330
330

330
1,600
330
330
330

330
330
330
660
330

330
330
330
330
330

330
330
330
330
8.0

8,0
8.0
8.0
8.0
8.0

Note: Specific quantification limits are highly matrix dependent. The quantification limits listed herein are
provided for guidance and may not always be achievable.1 Quantification limits listed for soil/sediment are based on wet weight The Quantification limits calculated

by the laboratory for soil/sediment, calculated on dry weight basis as required by the contract, will be
higher.bHfghconcentration Contract Required Quantification Limits (CRQLs) vary, depending on sample dilution.c Medium soil/Mdiment CRQLs for volatile TCL compounds are 100 times the individnal low soil/sediment
CRQU for semivolatile TCL compounds they are 60 times the individual low soil/sedlment CRQU



Table B-2 (Page 4 of 4)

Pesticides/PCBs

106. Heptachlor Epoxide
107. Endosu&n I
108. Dieldrin
109. 4,4'-DDE
110. Endrin

111. Endosulfan II
112. 4,4'-DDD
113. EndosuUan suliate
114. 4,4'-DDT
115. Endrin Ketone

116. Methoxychlor
117. Alpha-chlordane
118. gamma-chlordanc
119. Toxaphene
120. PCB Arochlor-1016

121. PCB Arochlor-1221
121 PCB Arochlor-1232
123. PCB Arochlor-1242
124. PCB Arochlor-1248
125. PCB ArochloM254

126. PCB Arochlor-1260

CAS

1024-57-3
959-98-8
60-57-1
72-55-9
72-20-8

33213-65-9
72-54-8

1031-07-8
50-29-3

53494-70-5

72-43-5
5103-71-9
5103-74-2
8001-35-2

12774-11-2

11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1

11096-82-5

Quantification Limits
Low Concentration Analysis*

Water Soil/Sediment6
(ng/l)

0.05
0.05
0.10
0.10
0.10

0.10
0.10
0.10
0.10
0.10

0.5
0.05
0.05
1.0
0.5

0.5
0.5
0.5
0.5
1.0

1.0

8.0
8.0

16.0
16.0
16.0

16.0
16.0
16.0
16.0
16.0

80.0
80.0
80.0

160.0
80.0

80.0
80.0
80.0
80.0

160.0

160.0

Note: Specific quantification limits are highly matrix dependent The quantification limits listed herein are
provided for guidance and may not always be achievable.

* Quantification limits listed for soil/sediment are based on wet weight The Quantification limits calculated
by the laboratory for soil/sediment, calculated on dry weight basis as required by the contract, will be
higher.bHighconcentration Contract Required Quantification Limits (CRQLs) vary, depending on sample dilution.c Medium soil/sediment CRQLs for volatile TCL compounds are 100 times the individual low soil/sediment
CRQL; for semivolatile TCL compounds they are 60 times the individual low soil/sediment CRQL.



Table B-3
DATA QUALIFIERS

Symbol
(Data Flag^ Definition and Explanation

B

Chemical contaminants were also found in laboratory or
field blank. Data were not flagged if sample concentration
exceeds blank concentration by at least a factor of 10 for
common laboratory contaminants (methylene chloride,
acetone, toluene, and phthalate esters), or a factor of 5 for
other contamina^-s. Data not meeting this criterion are
flagged and are nsidered unusable. * ita are not
corrected by sue icting the blank value.

J Estimated Value

Concentration was above the analytical detection limit but
less than CRQL.

Or,

One or more associated QA/QC parameters were beyond
control limits.

R Unusable Data

N Compound Identification Not Confirmed

Mass spectrum did not confirm compound ID, but CRL
reviewer judges compound identification to be accurate.

Notes: All data qualified as estimated are usable at user's discretion.
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144OO
1 1 B

...

614 B
••- *
...

7*10 B

...
* 1

...

...

M*-OlA-01
IIHV02S19
• 9 10
MEN 62«
RMAL
1 I/ It/47

11 • B

197 |

...

• 9BOO
...

...

9790
...

11400
1010

1100 |

IOOOO B

...
16 |

67 4

...

MI-O2B-01
•IHV01S14
• 411
MEI 424
I«AL
1 1/ I1/B7

17 • B
...

4B • B

...

34400
...

...

SO 7 |
...

moo
49 6 B

...

Ill 1

S » 1
6«IO •

...

74 *

9 3

MW-02C-01
••HV01S1I
1411
mtK 611
IMAL
11/11/17

21 4 B

49 7 B

17900

11 4 |

11900
17.* B

...

411 J

5 1
619O B

...

40 9

NA

MW-01E-OI NM-B1-01
IIHMI1S40 MIMI1SOI
1910 »10
ME* 629 *EK M9
• •ML IMAI
1 1/ It/17 11/17/17

24. 1 B
... ...
... ...

11 1 B 113 B

...

... ...
14100 BIMO
...

...
11. S J

IIBOO
I.I B

4190 2*400
6.4 B IMO
... ...
- - -

1610 | 1420 |
... ...
... ...

11200 B 14400 B

...
4.( J

4*.;

N» Ml

MW-OlA-01 M*-0»-OJ
•IHV01S19 IIHW01S16
• 411 1411
MtR 6l9 MEN tit
•MAL Haul
11/11/17 11/11/17

19 1 B 16 9 B

14 4 B 11 7 1

...

... ...
17100 11100

...

47 1 46 9 |
1 1 B

11200 1 1700
14 6 B 39 9 B
... ...
... ...

1100 | 199 |

S 1 J 49)
10900 • 4110 •

...

...

W M

WW-01S-OI
••IM01S17
•411
Mfl 6 17
RMAl
11/11/17

17.* •

314

...

...
71100
...

...

10*0
...

37IOB
47SB
...
...

11M. J
...
44 J

11*00

...

...
17.1

...

MW-B4D-01
BIHV03S03
1910
«IK 494
IMAL
11/17/17

94 4 B

...

...
41400
...

...
II 1 J

""

10400
144

7.4 J

1440 J
...

1O4OO B

...
16 1 |

NA

MW-09A-01
••HV01S43
•SlO
MEN 611
RMAL
ll/ti/47

•ill

• 1100...

...

...
61.7 J

14600
117
...
...

1340 |

7460 B

1* i

4 4

MW-04A-01 MW-04B-OI
IIHV01D43 IIHV01S41
•910 »IO
Ml 611 Mil 614
tMAL KMAL
It/14/17 11/16/17

NA
NA
W
W 6O B

Mt
NA
NA 41900
NA

Mt
NA
NA 71 1
M

N* 14 BOO
NA 64
NA
NA

NA I99O |
N*
NA - - -
Ml 75OO B

Ml
NA
NH 19.6 J

... ...

• " • Not
B • «l*o*

M • Mil 4MlV»d
I • fillMlM coocenioilon
• • libottloiy d«U not uitbie



SAMPlt IOCAIION
Cll SA^Plf NLMClil.
uo CASI NLMftfft
in NUMBtR
LABCftATOtV
(Mil SAMPLED
(ug/H

AluBintw

Aitenlc
BarlM

BCtVllliMl
CadkliM
calcliua
ChtMliw

Cobalt
copper
iron
Lead

Mioneiluai
Manganese
Mcrcuiv
Nickel
POUIllUM
Sclenlu*
SIlMf
So4luai
ihal HUH
vanadliM
Zinc
Ml NO lllOf
Oil * Cfeiie (Mg/li:

MW-05C-01
•MIV01S04
•411
MfM 44)
RML
11/10/17

...

...
10 4 B

...

...
11400
...

...

...

...

14100
104
...
...

Ill |
--- R

13100 •

...
11 J
•t.l

...

••»- 051 -01 MV-B9-01 MW-MA-O)
•IMV01S44 UllV01S4k MHV01II3
IS 10 11 10 1411
«ll kll M(R 6M MR tOO
•MAl RMl RML
ll/lk/17 11/17/17 11/11/17

...

...
41 1 B 114 B 40.3 B

...

... ... ...
34100 StkOO 10700

9 7 |

...

... ... ...
91400

1 * B 1.1 B

11100 11900 14100
14 4 B 1910 ».) B
... ... ...
...

11 M J 19IO | 10 IB |
... ... ... |
... ... ...

It900 • 14100 B 7MO •

...
33i i s i a.* i

4k • Ml

NA It k

TABU
ARROMHfAD • MUD KMK 1

MOMMA IER
INOtCANH

*w-Ot.C OJ HW-07A-01
•tllVOJill MMWOJiOJ
• I.) Mil
MtN 601 «(K 447
•MAL RML
11/11/17 11/10/17

...

Ik 7 B 101 B

41900 IIIOOO
...

...

... ...
19k
11 B

11700 «*100
11 9 B 4150
... ...

1*7 | 1410 |
--• R --- 1
... ...

9710 B IklOO B

1 1 1 4 1 |
307

... ...

B-5
JtSIGN IMftSTIGi

ISTtP II
C DA I A

MW-07A-01
MHM3D01
•411
MfK 991
RMAL
11/10/17

...

107 •

...

114000
...

...

...
17k

1 B

41700
1140
...
...

IS 10 ]
-•• •

16100 •

...
14 J
t*7

Nil

mo*

MW-071-01
MMVOIill
1411
MR kll
•ML
1 I/I1/I7

54 9 B

109 B

74400

...

64 1 |
l ie

11100
494

I960 )
1 3 |
S 1 1

11900 •

3 3 )
11 7

MV-Q7C-03
••W03S43
IS 10
MIR kii
l«Al
II/I7/17

40 1 •

»t • B

...

1WOO
...

II * 1
IB. 9 |
11 •

11700
14 B
...
...

1400 1
...

IIMW I

...

...
M

N»

MW-07S-OI
HHV01SB4
•411
mtH 949
•ML
It/ 10/17

17.4 B

...
71.1 B

...

76000
...

...

...
40.1 J
11 •

1*700
741
...
...

I4M |
... |
...

11400 B

...
a • i

40.1

...

Mt-OIA-0)
••HV01S09
• 411
MM 494
•Ml
11/10/17

19*

...

141OOO

...

141
1.1 B

moo
604...

1970 |
•-- •

14400 t

...
It 1

90 7

Mt

M-OIB-01
••HWOISOB
•411
•1*447
I4UL
1 1/ 10/17

...

110

...

llkOOO
...

...

...
711

1 i

101000
two
...
...

1010

U100

...

...
1000

HA

B

J
•

1

Page 1 01 4

• ' - ml
B - Blank conUaIn* I loo

M* - NDI MUlylCd
I - ftllMUd Conccnttatlon
I - Laooraiory dan not uuble



[ABU B-S
AKNOWItAO • HUOWONK DESIGN INVESIICAIION

GHOIMNUIER ISIEP I)
IMMCANIC DATA

SAMPLE LOCAIION. MW-O9A-02
OIL SAMPLE NUMtl: **HVO»11
S«0 SAMPLE NUttfl: *4I1
III NUMBEl: «EI 611
LABCtATOBV: IMI
Mtf SAMPLED: 11/11/17
(UO/I)

AlUMlniHi
Antlaony
Aitenlc
UfllM J* J •

•eryllluM

CAlCllM 10*000

cob* It
own' >o i
Man 11 i i
L«ad i 1 B

MIBMlltMi ))900
MingiMiB 91*
MtrcuiyNia«i
POUflllM 4)1 |
MlMllM
SIlMf
MdllHi »SOO

VMUtlllMi
Zinc
I*» M>. 11)01
01) t CIMH (•«/»: N*

MI-09B-0]
••HVOISI)
• 41)
•El 61)
llML
11/11/17

...

...
73 a

92400

...

11 B

11000
441
...
...

1040 )
...

4 I
11300 B

3 • 1

N*

am- 10* -02
MIIV02S20
1411
•El 410
IMAI
ll/ll/*7

1> B
...

110 B

117000

13 1 |
1 1 B

700W
744

• 1

3140 |
••• 1

31*00 |

) 1
...

NA

MM- 108-02
••HVOISI 1
141)
*[R 611
••Ml
11/12/17

101 •

11«OO

70}
I.I

101000
414
...
...

14*0 |
--- 1

1»*00 |

) 4 )

N*

urn- 1 IA-OI
IIHV01SI6
141)
Mfl 60]
IMAL
11/11/17

11 4 B

3**00

...

4.1 B

10400
17 B
...
...

497 1
--- 1

90*0 •

...

...

NA

MM- llA-01
••HV03S14
•41)
«EI 411
«MAl
11/11/17

IS 1 B

3)700

10.4 |
41 7 J
...

1910
39.7 B

...

71) (

7»0 B

...

...

NA

«w- UA-03 M>- DA-01
• •HV02D74 MHVO2S 10
141) 141)
•IR 604 •!« 40)
RlML I«AL
II/1I/B7 II/K/I7

47 1 U 11 7 B
...

... ...
IV B 11 1 B

2*600 2 MOO

111 It 7 I
1 S B lit

4790 11000
)) 4 B )! B
... ...

...

•17 1 497 |
... |

9 9 1
9110 * IIW •

3 4 |
...

KM NA

•*• 1 »• 0 1
• •HV03SM
• 41)
MR 407
•MAL
11/11/17

...

...

19 4 •

...

10«00

:::

IOMO
14.7 B

...

Wl |
••• I
...

•410 B

1.) 1
...

...

«W-l)f-OI KM-14A-O1
••HV01S14 I»HV01S1*
•41) 141)
Mf« 100 «£• 411
•ML BMAt
ll/ll/«7 II/I1/I7

...

... ...

... ...
7 B 121 •

...

14100 7S9OO

... ...
1.4 B

11700 11 100
94. IB J*7
... ...
... ...

714 J l»0 I... I
9 J

9490 B 11 WO B

14 | 13 |
444O

» •

MM- MB-O1
•IHV01SI4B
•910
•El 620
• «Al
1 1/ 16/17

...

110 B

1MOO

:::
70 7 |

16700
141

...

1990 1

14600 •

...

11

...

Ml 4*UCI«d

N* - Ml AlttlVHO
J • ElllMIM COiKCnllllltMl
• - IMoiiloty <UU not uMble



lABlt B-S
ABBOMIEAD • nilD W(MK OtSICN INVESIIGAIICN

UCUMMAltfl (STEP I)
INWONIC OAlA

p*ae 4 ol 4.

SAMPlf L OCA I ION
Oil SAMPLE NUMBER.
SMO CASE NUMBfR
in MNIEB:
lAtMATOHV
DAK SAMPUD

AlUMlnu*

UiliM

•cryiiluw
Ca«BllMi

Oil Mil UM

cote* li

Kon
tead

«e i cm y
Nickel

POUlIlM
seUnliw
Sllvct •
SoUliW

vanaflluu
Zinc

S*f N».))Mf
Oil k GfUte IBfl/ll:

-...- . NDI tfi
• • •lank

am- I4C-02
••HV01S10
• 411
MB 6 IB
««Al

26 «•

14 9 B

15700

15 4 1

II4OO

1040 1

11000 •

...

Nt

elected
coniutlMllon

MW- US-01
•BHV01S11
•411
«(• 611
IMAI
11/11/17

44 1 •

44BOO

40 4 |
1 1 t

n«oo
149

1410 I

9 5 |
19300 B

4 1
19 • 1

B 4

<M>- li*-OJ
BIHV01S17
B510
«« 616
•MA!
II/I6'I7

4) •

507OOO

1440

17iOOO
1470

1110 |

11400 B

10 4
1 4 1

14 4

•*• I5A-02
I1MV01D17
B9IO
MR 6)0

11/16/17

7» 4 •

441000

I6M

170000
1060

1140 |

14400 •

19 |
11

Ml

••HV01S1I
B5IO
MER 617
•*AL
11/16/67

56 4 B

77500

5B 1 J

15200
111

U60 |

•370 •

2.1 J

...

*W I6S 01 «• 17B-OI
iBHvoisi7 aainoisia
• 411 B4I1
M(R 606 MER 601
BMAI R*Ai
II/II/B7 II/I1/B7

16 S B 11 1 t

4S 1 B IB 1 B

62100 21000

» ' :::
166M I41OO

246 19 J B

71 )

1160 | Ml |

7740 • MM •

4 4 )

M M

MM- i r t -o i ••- i tE-oi
•ai1V02SI4 BBIM11S16
•41) IS 10
MR 604 MR 625
RMA1 «*AL
11/11/17 ll/!6/*7

16* 1

4t 4 B 176

M4OOO B660O

11.4 |

IB 1. 1 •

164

20400 | IMMMM

•7100 J 119OM

611 1 .4 |
19.6 |

NA Nt

HElDBLAMt KILO 61AM* flElDBlAMl
••HV02S07 •BMV01S IS BtHWOlSA 1
Mil B4ll 1510
M[* 4«t M« 444 ME! til
•MA 1 KMAL «»AL
1 1/IO/B7 I1/ 1 1/17 1 1/ 14/17

11 6 )

14 1 |

404 J 474 | IB40 J

1.1 1

605 |
It 6 |

116 J

4150 |

;:: ::: :::

NA

fillMied concenif*tlon
LtDoiaiory data not usable



p»i*t«ii* ION • m

tl --• E -•• --- E E E >'l El i I K f'l 301
0» --- ••• t * ItE S * -•• t 9 U Ot 011 VI On
fir tt i »E in tit «t iEt tie m i ti *r» on AI INI ivviv
tti 09 or* «i u ic »» tt m ME itt fit SOITOS OHnirfffts ivioi

(!/*•)

It/11/t I ff/I I/I I it/ll/ll ft/01/I I «/«/ll fl/tl/ll (*/»l/ll 11/91/11 »/EI/ll ll/tl/ll ft/91/11 H/ll/11 Oll*rVI 11VO
l»m itrrt Itrrt Itrrt ]»>»t l»»»f Ibrrt 1WK l*m 3*»»f l»»rt l»vrt : l)«ww ivs
J1WID 311N» 311M» 311N1D }11N» D11NJD H1NJ3 ?11N» 311N13 311N13 311N13 311N13 :AKI1VIMV1
«l/»ll Otl/Ul If I/If 1 >E]/Ctl Ml]/[tl] EVt/191) ICH/ftll Mll/tCIl Hl/t91 COll/roil Kll/*»ll tl)//tl :ill«W U
COSIOAHff tlSEOMItt flUOAHtt MStOAMtt 9tSCOAHtt («SEOAH» IWtOAWtt OSIOAHtt »SEOAHI9 KSEOWtl »HOAHtt MKIOAHtt : IIPTN 1K>
fO-V(-MK tOO*-Ml tO-V9-MI fOOC-Mt fO-« EO-H-MW tO-V«-M CO-H-MI 10-St-W) tO-IE-M tO-VE-M tO-VI -MM NOI1VDO1 HdWVS

SV11IW1V4 IWDIINIAW)?
(I dllS) IllVMNWO

NOIlr>llSlANI POISM MDM11I1 •
9-f 111VI



TABLE 1-6
ARROHHEAD - HEKMOIK DtSlbN INVISTlCAl ION

OOLMMATER (SIEP II
CONVENTIONAL PARAMflERS

SAWU LOCATION: MT-7B-01 MT-7S-OI Ml- Ut-OI *»- I4A-01 MT~ 141-01 MV-I4S-OI KV-ISA-01 *»• 156-OJ FIELD HANK fl ELD HAM
Oil NUtttl: MIMlSll ••HMH504 MHV01S14 ••HV01S1I •IHV01539 MHV01S11 ••W01S17 t«HVQ2Sl* IMW01SOT ••HM3S41
It NUMEI: E101/1101 E3imi 111/(14 EIM/E101 E147/E14* E47/C9I IIM/E IS] E IS*/1IM E»/E» EI91/E154
LAIOtATOtV: CINIfC CfNtlC CENTEC CENlEC CENIfC CINTEC CtNTIC CENTEC ClNTEC CCNTCC
SAS MJttfI. 144*1 144*1 144*1 14491 14491 ]44*E 144*f 144*1 l44*[ l44tf
DA It SAHPLCO: 11/11/17 ll/ia/17 ll/ll/*7 U/ll/07 ll/lt/»7 Il/l)/l7 M/lt/(7 ll/lk/17 11/ IO/*T M/lt/«7

IOIAI SiJSPENHO SOIIOS II 1110 ID • 1 I 1« 9 1
AUALINI1V 111 Jit 111 US 114 117 77* 194
COO II I* ••• I) 11 IS 170 t 1 13 1 70
TOC 14 11 • - • J * 41 • - - I I 14

-...•• - MI ueiecied
NA - NOi 4n»lvied



TAIL! •-•
AMOHHEAO - HELDVOM OtSIOJ INVESTIGATION

GtOMMATEft (STEP 1)
(MGANIC MU

1 Ol 4.

suni LOCATION:
OIL UU»lt MLNOEl:
3w> CASE NLHIEI:
on MUME*:
lASOUTOMV:
OATI SAJVLID:
IUC/1)

MV-OSC-0)
MHM1SM
•41)
IP M3
SPECI
11/10/17

*w-o»E-ai
•MM2S44
•SIB
EQ IM
mui
ll/lt/H

•f-MS'O)
•tWO»4»
Ml*
H) l»
mzifn/ir/47
(DILUTED MX>

M-MA-ai
••HW02SI1
•411n an
VECT
II/II/H

IW-MC-M
••HWU1)
•41)
EQ 10)
SPEC1
1 I/ 11/17

JW-07A-0)
••HW2SO)
Ml)
IP Ml
SPECT
M/ 10/17

(VOC DILUTED
» X)

Mt-OTA-0)
••Hwaoo)
•41)
EP Ml
SPEC!
It/ 10/47

(VOC Ol LUTED
50 X|

HI-071-01
••HM1SU
Ml)
E4 U>
SPICT
11/11/17

«f-*7C-«
UHM2S4S
•SM
N mmat
II/II/H

MT*07S-tl
MHM1SM
Ml)
EP Ml
SPICt
ll/l*/47

MhOM-0)
••HWlSOt
Ml)
EP M4
SPKI
II/M/H

JW-OU-OI
••HWOISO*
Ml)
EQ an
SPICT
t I/ 10/47

VOLATUES OICANICS:

AMIftfM
•tlUMW

vinyl ChlorlM
Cbt»ro«UMM

I. l-Dlchl«tthMM

4-JHIhV I - a-PWIUINMM
T»UI
TollMM

II •

I I

1 •
1 I

TllCklOfMIhtM

710
«* I
IM |

IIM

17 •

» I
4* I

14*

M

MOO I
1100 |

MOO |
MO I

ISM
4MO

asm
I MO I

u •
4 k

11

SttlVQUmi 01CAMICS:

1.4-DlMMVlMMMl

MphlkllMM

1-MlbVlHMhUwlMM

M
«t
11 |

- -

IK 12 •

71 1

7 1

40 • 1 *

71

• 1

> • ) •

...

7 •

-

—' - Ml WlMtM
• - tlanfc CMUaliutlM

M » Mt MMlyaotf
I - IUIMU4 conctnlriilM



pt|M||f| - f

f t • 01 WCt 1 tl
t c• c

r1 1

t t

I ft

ft
t •
l t

• t

•u«ntoj*|io
ffl»|IP I*»|A

»W|4l|lMl
twtUM
tuoi»v

H1I1VKM

/•/•l/ll
I1ZW

CCI M
out

•MttWWtff
H-OM'MT

rt/tl/n
1)141iti bt
cm

ttsuwtfto-m-Mr

M/ll/ll
UI4C

Ml 01
cm

HtE*«Htf
IO-1CI-MT

n/ii/it
131M

Ml M
cm

IIKOMWfl
• •-MI-M

tt/ll/ll
DIM

Ml t»
cmtiocownt

t»-vci -MT

it/ll /I l
imt

ioi tn
cmoiseowfti

c»-m-M«

/f/EI/ll
171 A

HI M
cm

rtstoMtif
co-vti -MT

il/ll/ll
131M
m in

cm
fitcomtt
c« -vii -M;

H/tl/ll
DIM

CM M
cm

UStOMtlt
CO-flOI-IW

It/ll/M
l>14f

CM 01
cmtntowwi

t»-V« -M

4t/U/ll
13 Mt
fll M

cm
ctctowtt
co-wa-OT

»/CI/ll
l?Mt

fll 01
CIVt

KCCOWIt
(0-VM-Mi

(I /6«)
:aiwm 11 w

:AiuvmYi
:iitim uo

:il*m w» ows
:»mm n*m in

:N>unoi iwvvt

O *ut>
NOI1V9I1SMNI K>I|IOt-t ntvi • QT1HWHV



TABLE a-7
ARRONHEAD - MELDWORK DESIGN INVESTIGATION

RESIDENTIAL WELLS (STEP I)
ORGANIC OAT*

SAMPLE LOCATION:
CRL SAHPLI NUMBER.
SAS NUMBER:
on NUMBER:
LABORTORV:
DATE SAMPLED
VOLATILE ORGANIC COMPOITOS
IUfl/1)

8W-01-01 RW-02-01
BBHV01SS6

JJ39E
EQ144

S- CUBED
1 1/ 11/17

•BHV03SMmti
EQISl

S-CUBfO
II/IB/B7

fQISO
S-OBID

«*• 04-01
•BHV03SSI

13J9E
(Qtit

S-CUBED

IIHV02SS1 MHV02SH MHV01SSO
RW- 10-03 RW-11-01 RW- 11-01 RW-11-01 MM4-01 RW-IS-01 MELO BLANK

EQ149
S-CAJBED

ll/H/17

(Q143
s-cteco

It/ It/17

CQH1
s-cteto

II/IB/B7

B8HV01S47
3119E
EQI40

S-CLBED
M/tl/17

BtHVOISS*
J3ME
EQI4I

S-CUBfO
11/11/17

IIHV01S49
11391
EQI4S

S-CLBIO
I1/II/I7

•IHV02SI3
J319(
EQI11

S-CLflEO
11/IB/H

•BW01SS7
31391
eg M6

s-aaco
M/ll/t7

•BHV02S60
11191
EQ14B

S-CLBED
II/IB/C7

•IHW02S4I
imt
EQI47

S-CU6ED
1I/1B/B7

«ethvlene CMoitOt
1. 1. I-TI Ichloroetnane
Tetrathlofeihene
Toluene

1.6 a

19 B

14 a
...
It B

19 B

10 B

1 6 B 1.0 B
... ...
...
17 B I.I B

I.I B
...
...
2.2 B

1 0 B I 2 B 1 1 B
... ... ...
... ... ...
1 7 B 168 2 2 a

1.6 B 16 B 2.4 B
... ... ...
... ... ...
1.7 B IB B 1.7 B

IS B
11 J
11

l.B B

1.7 a...
11 I
1.0

SUIVOLAlILt ORGANIC COMPOUND
(ug/l)
Dlethylphlhalate
aitll-eihylhexyl tphthalate

1 0 B
1.6 B

•• - Not detected
B • Blink coniiMiiMilon
I • EillMted concentration



TAIL! •••
AMOMtfAD - MfUBKttX MS I CM INVESTIGATION

OtCftMMATf* (STEP II
flKANIC OAIA

p*t*

SA«PiE LOCATION:
at SAMPU NUWU:
StfO CAM tutu:
•n MJMEI:
LAMUiaiV:DATE SAMPLED:

•v-oiA-oi
•SHM3SM
•4U
EQ 1*7
SPECT
11/11/17

•••03A-01
MHM3S1*
MM
EQ IM
HULE
ll/lt/47

•«-03*-«l
•MM»M
•411
EQ IM
SPEC
11/11/47

JJH-02C-01
•MW03S13
•41)
EQ 124
SPEC

JM-MC-01
••HM3S40

EQ 1)1
MZLl
II/It/47

Mt-OS2-0)
•4HM2UI
MIO
EP U«mut
11/17/47

MT-OIA-O)
MHV01S3I
•411
EQ 117
SPEC
11/13/17

•MM3SM
•411
EQ II*
SPEC
It/13/47

«*••)!-•I
HHW1S17
•411
(Q 114
SPEC lit
11/11/47

MI-S4I-*)
••wnsta
Ml*
IP Mt>
HULI

M-OSA-M
•MM»43
•SIO
EQ 111
HULE
M/It/47

•V-OM-OI
•IHM3S41
Ml*
M 117
H*ZLE

VOUTILES

AC* lam
MlllVlWM OtloilM
vinyl chloMM
ChlOIMIIWM
OtloiolorB
l.i-olchloi*ih*M
4-Mllw I - 1-Pwi UnOM
Toll I XV I MM f

i i

is
i •
i I

i •t
a is s

a •
a •

i j

i Ja t

4 Ia »

s •

l.t.l-TrldiloicUiMM

17 •

4 •
a j

10 i
s •
i J

a •11

n •
* •

a •

) ii •
4 I

SUIVOUTILE MCAMICS:

•IKl-EllwllMirOPhtluUt*

WpkUttlMM

a • 10 J

S I

«• - Ml AtttCltd
• - Hank conUaliwllan

M • Ml IMlntd
I • IttlHtM MllM



TABLE •••
AMOMCAD - flElMOIK OfSICN ItMSTIGATION

OUKMMMTEI (STEP U
OIGINIC DATA

SAM>if LOCATION:
at SJUPLI NLw
s«o CASI NLJMEI:
on NUMU:
LAMtATttv:
MTI SAMPLED:
luc/n

Mt-OSC-01
••HVOISM
•41)EP in
SPEC!
11/10/17

«*-•»-• I
••HM2S44
HI*
IQ 1M
HtZLE
ll/li/H

M-OU-M

Ml*
14 1Mmzilii/tr/«7
(DUUICD lOXt

Mil
EQ 11*
SfECT
I1/11/17

wr-MC-M
••HM2S11
Mil
W 10S
SPfCT

M-07A-01

HI)
» 9*1
SMCT
ll/M/t?

(VOC DILUTED
10 X)

••HV03M)
•411
EP »2
SPEC!ti/ia/»7
(VOC DILUTED

SO XI

M>-07«-03

•411
EQ Ul
SPfCT

m-nc-n
••HMU4S
•SI*m IM
WZLI

MI-071-*!
••HW2SM
•411
fP «J
SPICT
tl/t*/t7

•W-MA-M

•411
EP 3«4
SPEC1
II/IO/H

Ml)EQ an
SPECT

VOLATILES MCANIU:

AMtOM
•UltWM

vinyl Chlorldt
Chl*tol«rB
l. l-DlchlortUMM
4 -M thy I -a-PMtMwn*
10 U I XvltMl
MIIMM
IIMI-l.a-OIClllOrttiMM

TildilorMiiMM

at •
» l

a t

a »
) l

71*
IM I
IM J

17 •

)* 1
4* 1aw

14*
37*
M |

MOO J
IM* J

23* I
MM |

1900
4MO

asoo
IMO

14 •

4 •

BUM VOLATILE OICAMICS:

•U<3-ll»ylMKyl>PnUMl*U
2.4-OlMthylplMAOl
J * 4I§ I IMF J fllMut 1
NUkltolMM

a-M'tSHlMtkltalM^

1 »

II
11 J

...

4 •

--

"

"

• • ia •
• «*

71 1

7 J

M •

_* .

73

• I

1 •

"

"

1 • 1 • 7 •

... ••* •*•
—— ...

...

• • •)•!*
M • NBt »Mly<o4
I - Itl!• 1*4 CMCtntrailM



TAIL! •-•
AKICNHEAD • FlfUMOUC MSICN INVCSTIGtTlflN

OUXMWATM ($T(P II
OIGWIt M1A

tufll LOCATION:
cat umi MJMEI:
SM CA» NUNBH:
on NLMIR:
LAMUTCIV:
MTC SAMPLED:
(14/11

•l-MA-01
••HM2S21
Mil
IQ in
SHCT
1 1/ u/«7

M-OM-02
•MM3S1)
•411
H) It*
VICI
II/I2/H

Mt-MA-01
••HMUM
•41)
tO 112
vici
II/I2/M

Ml- IM-M
•tHWISlI
•411
H) 111
SPfCI
H/l2/«

urn- 1 IA-PI
•M«02SI*
•411
M W4
VECT
1 1/ 11/17

•M- m-«
•WM3S24
•411
EQ 114
S»CI
ll/l2/<7

Mf-llA-»
•UMKIt
•411
(0 m
via
1 I/ 11/17

M-IM-01
•UM2DW
•411
10 1M
SMCT
I I/ 11/17

MMM-tl
••HM3SII
Mil
fQ IM
»ECI
ll/ll/M

1M-11I-II
••HMUM
Mil
fQ 114
»ICf
ll/ll/«7

•H- MA-01
••HM2UI
Mil
CQ HI
vfcr
ll/ 11/17

«*- I4«-D1
•UM1SI4I
»!•
« 122
mui
1l/U/t7

VOLAtlLIS

AtttOM
UAIttM
MthvltM Otlerldt
vinyl CkloilM
ckl*rol«r«

4-iuthyl -3'MnumM
Tali I
TClMM
TIUI- 1.
l.l.l-Tilckl«f«lhtiM
TrlcklarotlMM

J •
• I
• • 4 ft

44

I •

1 •
2 }

SUIMLATILI MGANICS:

1 •
a I

Dl*ii-Wlyl»*iluUI*

12 I •40 IMS to • 1 ft 2 •

•-• • N»t
o - ilwik

M * Ml
lMUd concwilrillM



ioitfl • I
P»IA|WV ICN • W

w*mw
1 1 a •i*i«tiuM<iA»qiAini-mtfl

:»fNWID 11I1VTOAIM*

• I

• t

11

f »
fl t

t MC •woutinfl-e
Mlfl(lM»|1P|Il

Wft|l»J*|lp|fl-l'l*l

HWUtl IM4>C - 1 <U(I •*-*

t K

fl «

• I

f tl

fl C
t t

• t
f I

• f

• L

fl C
f t
• 01 •PI 10| ID

MMtMfl
•uaitsv

t17«t
Kl 01
•lit

flKCWMft
inioi

£t/fl/ll
ITOH

ttl 01
•IMineowti

M/VI/II

tic totin•istowtt
Oil I*

ic bitin
wit aiiu

Jt/tl/lllizm
a\ to

•i itftccwmt
It-lfl-MV

111 totin
MCIOWftt

il/M/it
IDIrfS

Oil to
tin

fISCOMfll
IO-UI-M»

MI totin
10-Ctl-

H/fl/ll
I17W
tcito
•If!

KKOWItt
td-ttl -HP

ll/tl/M
lizmtti to01»

UflCOWtt
{••VCI-MI

/•/fl/ll
I17Wtci to
•I ft

KKWHtt
CO-Vfll-OT

tci to
tinitseowft

oei totin
KHOWft

I1VO
:AiuviOflvi

uo
owe

:IIMTN

viva
wiir>ti$>ANi mitfo mnwmu - OVMMMV

•-* iiflvi



TABLE •-*
AUOHHEAD - FltLMOU OC1ICN INVtSTIGATION

GROtMKATfl (STtP I)
LOW DCTfCIIQN LIMIT VOCS

SAW>LI LOCATION: M-U-BI MMA-OI JW-IA-OI m~M-n «•-»-•> M-M-OI MN-M-OI w-ic-«l
OIL SA«H( NUHCi: MHMISM UHMU)* ••HW3OW ••HM2T» ••HM2S14 MHVtlTM MHMWM MHM1S1]
SAS NLMEl: M4«-WI W4«.|1M S44t-ffM >44*-f1)l 144t-[tl» U44-IIIT 944*-Illt S44t-IH«
luaurav: spicnix wccmx wtcnix »icnu s»ccraix SPICIIIX irccnix wicwix
0*11 SAJPLIO: 11/11/17 ll/W/17 H/l»/*7 11/14/17 11/11/17 II/D/H 1 1/ 11/17 11/11/tT

vinyl Chloildt --- l.o 2.B 1.2

TtlchlotMthyltiM
Mu«m --- *-»

C4MIMllUtl«n



TAIL! 1-9
AMMWAD - miMOMC DfSKM INVESTIGATION

aOLMWATH (STIP I)
LOT MTfCIION LIMIT VOCS

SAMPLI LOCATION:
OIL SAJtfLC NUMfl:
SAS MJMtl:
LAMA TORY:
OATI SAMPltO:
lug/ II

JHT-2C-03
MHMK12
1444-flll
vccmx
1 1/13/17

Hf-]C-0)
MHCA2IU2
)44«-(III
SPECTIIX
11/11/17

MF-oac-oi
••HW2S40
144«-I140
SMCTtlX
1 1/ It/17

MV-U-01
••HW02S2S

144*- 1*0
SPECTIIX
I1/I2/17

Mf- 15-01
MHM1S17
144t-f*l
SffCTIIX
11/11/17

M-M-OI
MHM341

144t-(144
spfcnix
It/ It/17

M-U-OI
•MWOaT41
1444- (141
SPtCIIIX
H/li/t7

MV-M-OI
••HVOIO4)
144t-(l4«
VfCTIIX
ll/li/17

Vinyl Chlodde

Ttirtchloild*

• - NDt (MUCUd
• - kUnk CMIMlrallon



TAIL! •-*
AIIOMIfAD - FICLMKK DtSICM INVESTIGATION

aOLMWTCI ISTfP I)
LOf DETECTION tl*IT VOCS

LOCATION: MI-M-OI MMI-«I «*-si-«i jw-tA-oi w-tA-ai HM>M-M •»••«••)
OIL SA4H.I MJHH: MHM2S44 MHM9T44 MMMO44 MHM2S12 tHMlTia MHWIDI1 ••HMHI1
SAS NUMEl: M4V-IHI M4«-f 143 U4«-I14> M44-I01 144f-IM A44f-IOT M4t-IM M4«-fH>LAMUTMV: vicmx srccnix srccnu sricnix wicnix vicnix WKTIIX wicnix
DAT! BA4PUO: II/W/M II/U/M II/U/I7 1 1/ 11/17 II/II/M II/M/H lt/M/»7 II/U/W
(Ufl/l)

vinyl
Otlototora
l.3-OIChl»fO«IlltM

carbon Ttlnehlo»l4«

TtlchlorMlhyltiM

•MHM

- Ml «tt*ci*4
- tl«nk eonti«i



TAILf »-•
AMOiHIM) • fmMNMK MIIO4 INVESTIGATION

CKMMM1U IIIIC I)
10* OCTCCVIQN LIKIT VOCS

LOCATION: HI-TI-OI m-Jt-92 m-rc-n JV-TC-OI «w-7C-oi M*«A-M m-«*-« nv-u-oi
Ctl SAMPLf MJMEt: •tHWlIlt tMIMaoU ••HM2S41 ••HW2MI •IHV03T4I •UMtl«l •MWOim tWM2Ml
US Mlttft: 144«-(I14 )44«-fl1l 344«-f1T7 M4«-II7I }44ff-(l7* 144t*fr« M4*-CTI M4«*[74
u«ouTotv: SHCTIIX SPICMIX sMcnu SMCIIIX vfcnix vicnix VICTIIX sricnix
MTE SAWltO: It/13/17 11/13/17 11/17/17 11/17/17 It/l7/t7 11/11/17 fl/U/«7 tt/U/17
(US/I)

vinyl OtloHd*
Oilorolor*
1.3-DI

Carbon

* - Ml 4tt*cl««
• - tlink



TAIL! •-*
AMOMAD - rilLMOW DMIGN INVfSTICATICN

OKHMWTH (STCP I)
10* MTICTION IIA11 VOCS

LOCATION; Mf-w-oa •*•«•••> MI-M-M MT-IOA-H MH-IM-QJ NI-MA-M MT-IIA-M M-IU-OI
OIL UMflf HLMII: MHMU» MHMim MHMKUl MHWHM MHM3S11 ••HM2SM MHMU14 MHMUW
SAS NUWU: S44t-ir7 MM-I7I M4t-f7* M4*-fTI M4«-I7> M4«-IM M4«-C71 M4*-IH
LAMIATDIV: wfcnix sricnix wicnix vtcraix wicnix sncnix SMCTIIX sficnu
MTI SAmiO: M/U/W 1l/12/*7 11/11/17 II/11/I7 11/12/17 11/11/11 It/13/17 II/ll/*7
(U9/I)

vinyl Oil or I*
ckloiolora --- •" --• ••• --• ••• -•• ---
t.l-Olchl»fo«th*M
Caiton TttucklotlM
Tdchlor««lhrl«M
MAIWM

• - Not
ft - tlMk CMUMMltM



|UI|f •
IW -

»P|IO|<D I AHA

it/il/ii M/it/ii M/II/II jtm/ii it/M/n /t/ii/ii it/u/ii rt/u/ii roi-wws livo
XIU31M XII1IMI XIU3HS XIU314S XIU31M Xltl3>M XII13IM XIU3IA :A»l»WtY1tii-t»K wi-t»« tti-trn <i)-t»K tu-un tii-tm tn-w« CII-»»K :»«rM wi
MocvwHf H»«wn nnvtm lucMmi uacown uutmtt tiaciMHM oucomtt :n«w« >i«rvs in
II-ICI-W l*-ltl-«V IC-1CI-MT IO*KI-M 10-KI-MV 10-KI-MV CO-VtlHMT M-VCI-OT :WI1TD01 ll«nr<

SDOA 1IWI1 NDIUUM »1
(I 411ft •IIVKKIOK)

NOI1V9I1S1ANI M>ISM mOMIlN • OVIHMOMV
*-• JtiVl



TAtLf •-«
AMOMtfAO - HELMOM DCIKM INVESTIGATION

CtOUMHTEl <STO l»
10* OCTKTION LIMIT VOCS

iAmi LOCATION:
m SAmt NiMfi:
SAS MA*fi:
LAMUTMV:BATI SAAVLEO:
(ua/ii

AW- I4A-W
MHM2S3*
M4«-fWSMcnix
ll/U/«7

AW- I4A-01
MHWin*
M4I-I1MiPicnix
II/I1/A7

W- 144-0)
MHM3M«
M4*-IMt
wicnix
II/11/H

AW- I4»-OJ
••HM3SM
M4«-EIUsricnix
11/14/17

MT- I4I-M
HHWITM
M4*-I127
ipccnix
1 1/ It/17

Mf- I4§-M
MHMaon
M4t-llU
wicnix
II/14/W

AW-I4C-U
MMMaSU
3441- 111
SMcmx
II/IJ/M

AW- I4S-»I
MHMUlt
M44-IIMiPicnix
lt/ll/*7

Vliwl Ckladdt 37 --- 14 — . ».•! — — 1.3
O)l«FOtO(B -" "• --- --- -•- —— -••

1.1-OICklOIMIIUM

Caibon TtliAdilotltft

TilchlotMlhyltM
•MIIMM •-- •-• ••• — --- "* •••

" - NBt 4WUCU4
1 - KlMfc CMU«lMllttn



M|1W|«|MO3

«« •

((/*»
M/tl/ll M/ll/ll lt/tl/ll lf/*l/ll M/fl/ll M/fl/ll M/fl/ll /t/*l/M :OI1«MVS UW
XIIUIM XIU3IM XIU3I4I Kttl3l* XIU3MI XIU3IA XIU31M XIHMM :AMlTIOfVlMi-»m in-*»w «!»-•»« KII-KK ttii-»»K mi-im ccii-»m ccii-»^n :>i«m tn

/infWM KOCOMIH KitWMtl KKWHtf ttOCWVItt iClCWHH ItfEWHH :il«n< IWm in
It-ttl-flt CO-MI -«• »•«!•«) M-ffl-W Ct-Vfl-MT tO-VII-OT EV-VSI-M* :N»I1V301

tDOA 11*11 WliHUa Ml(i ms) ni«MwnoB
K>I»O momiiii

»-• llfVl



TAIL! ••*
AMOMEAD - HCiMCKK OHIO* IWESTIGATION

aOUCMTfl UTtf II
101 MTICTION IUIT VOCS

SAJW.C LOCATION: M-i7i-oi MV-IM-OI fitu> HAW rmo »UMC ITL ILANI
at SUH.C NLWEi: MHM2SI* MHM11M MtMUIS SWMU4I H*M»1»
SAS NLMIl: M4t-E7* 1444 -fill M4«-IM 144t-I1)ft M4t-IIM
lAHtATMV: SHCTI I X SPICTI I X SMCTI I X 1MCTI I X SMCTI I X
DATE SAimCD: tl/ll/» 1I/I«/IT II/1I/I7 11/14/17 1I/U/I7

vinyl CblaMde
OlIOIOtOfH

l.l-olchlorotthtM

aikan nu>citloild«
Tf IchlorMihylww
OtfUMM

- M>l MUclld



UO|IW|«1IM3

MM | AIM U'«'•>•"*••

(|»-f'C'l)OWpU|
(t)tnm
(4)«t«H

MIM||U«IOn|J
tu»tigiuv

MWIttlUtHMM

CO
ft

it/91/11
XMM

OKEWHM
10-lt-MT

/I/CI/II
XMS

Ml-*»t
EtOEtAHtt

/t/cim

ccuowt*

U/tl /I I
XMK

KStOAHtt
tOOC-Mr

Kiiwvnt
tO-K-Wt

it /t I /I I
XMW

KKWHttto-ie-m

it/91/II
MMftu-»m

KlEOWIt •mtnwtt
ce> vi-MT

MfCOMHM
tO'VE-MT

M/M/II
KMS

MStOWttl
10 -VI >MT

:on*r« itvo
m
in

H»d 1IWI1 NOU3UM «01
II d)ll> V11VMMWK)

KJISW VMOMllll * OVIHtOIIV
01 -i ntn



TAtLE •- 10
AUCMCAD - MflMGM MSI<M INVESTIGATION

GtOUMHTH (STEP I)
LOH DC1ECTION LIMIT PAH

SAMPLE LOCATION:
OIL SAMPLE MJMHl:
SAS MJttfl:
utouTQiv:
MTE SAMPLED:
ing/ II

MHi-U-M
•4HM2S3S
M41-E4*
SMX
11/12/47

MV-M-OI
MHM2S27
M4«-I4I
SMMH/n/47

m- 9i-oi
••HMaS4>
M4*-IU7
MOK
11/14/17

M-H-SI
M»waaT4j
M4»- 1 141
SMK
11/14/47

HI-M-OI

144«-E»t
SMW
Il/lt/t7

MN-H-OI
MHM2S44
M4t-(144
SMX
11/14/47

MV-II-tl
MHWI144
M4V-IIM
SMK
11/14/17

MV-lf-ai
MMM2044
144«-flM
SMM
11/14/17

M-4A-11
MHM2SU
M4*-I4UBC>
SMX
11/11/47

MV-4A-0)
•4HM11U
M4«-f4t
SMX

"• ••• •" —— -•- Q.J
"• «-t •

l-JWlWUM»hllUltlM

riuottntlMM
pyriM

*itlli»c«M

HltlO(b) HMfMIlMM
MnioU) PyrtM *

Olkwtu.h)

• • kill* CMUllMllM)
| - ElllHtH MACMtrillMI
N - CMpOtMrf IdWtlllCAtlM IWt COBlll



TAIL! B-IQ
AUflMHEAD - flllMOM OfSIGN INVESTIGATION

CMUOUTC* (STEP I)
LOW MTICTION LUIT PAH

SAMPLE LOCATION: MT-M-OI wr-tc-oa *ftwe>Q3 m-H-a NM-TI-OI m-jQ-n «*-7C-« IH-TC-BI Mw-tA-ai
OIL SAMPLE MJHEft: ••HW20U •tHMaSIl MHVQ3S1) HWOaTU IUM»O13 »HVO»4S ttMMtW M+W03O41 aaHMlSl]
SAS MJMIEl: M4t-M) M4t-l40(IE> J44t-»l 144«-ttlUEI J44«-|*l )44*-i1tO M4I-E1II J44*-(IM 144t-f*l
tABORATORV: SMK SMK SMK SMK SMK SMK SMK SMK SMK
OATI SAMPLED: ii/ii/«7 n/n/«7 u/u/«7 u/D/ar ii/u/a? ii/u/a? ti/i7/ar u/t7/a7

MphtMUM — o.a • — — — «.J •
a-MAthvlnaphihalcnt -•- -•- •-• •-- --- ».l •
ActfuptithyUM
l-MthylanMhtlwUM

PatyltM
AGMaphthtluM
riuormt
PMnantkrtM
Anlhiac«M

MntOlbl
Mnulil hrlint * Ml y I MM
Intend.a.l-c*l pyitnt

AHlhllCMM

•——- - Mil
• - klMk contMlMllon
] • EitlMtid CMtctnLratlM
N • cemow* iMntlllcatlon net CMtilrM«



TAILi •-10
D • HflOMMK MS I CM INVESTIGATION

aOLMMMTIl (STfP II
LOT DIIICTION LIMIT PAH

SAMPLE IOUTKM:
Cli SA«H.l
SAS MJMtl:

OA1I SAtfM.fl>:

I l*«/l»

«W-«A-«2
HHM2T93
M4«-ft»
SKM
II/12/17

JM-tA-03
MHW2031
M4*-IM
MM
tl/11/17

MV-M-03 1W-M-03

not
11/12/*!

not
tl/U/«7

•MM3M9
M4«-f*T
SWK
11/12/17

M4*-»7
MM
I1/12/C7

HHM2S21
M4*-CH
MOt
tl/ll/*7

MI-1IA-0)
MHMnsii
S44«-»*Mac
11/11/17

Ml- I2A-01
•MVMH24

ii/ia/17

-MlbylMphllultw
ACOTUlllhyltMI-M thy UitMktlu l MM
P*ryl«M

0.1 •

•.a

flwftnllwn*
hrr*M
•MUOOI AAlhltCWM

•MttU) Pyr*M * PtiyltM

I UtlMtCMM

J - HllMlt4 C44KWIr»tlMI
H - CMPMMd IMHtlllUtlOH Ml C«AtlrM4



TAILE I-10
AUOMCAO - HtLDMttK OCSIO4 INVESTIGATION

OKKMMATU (STEP I)
LOW DCTECTION LIMIT MM

SAN>LE LOCATION: m- IJA-OJ m- IJA-OJ m- iJA-OJ m- IM-OI HI- m-oi m- iu-ti urn- ut-oi m- uc-oi m- IH-OI
CtL SJU*li NUMU: •MM2SIO tUMtlTW *UM3O1* MHV02SU HHM2TII ttHMlOll MWB3SI4 MVW1TU MHM3DI4
SAS MUM»: M4V-E47 144t-E4« 344t-C4* M4«-»l »44«-ESl 344t-l(l M4t-(44 M4*-C4S 144*-I4*
LAIOKATOtV: SMK SMK SMK SMK SWOK SMK SMK SMK SMK
MTf VJfltD: II/II/I7 11/11/47 II/II/H H/ll/t7 11/11/17 II/II/H II/II/B7 I1/II/I7 11/11/17

ing/It
mpnitalcnt
a-Mlhy Inapt
ActMphlhyliM

ACAMphtlUlAfW
rluorwM
PtMMntlUMM

AntliractM

Mnn>(»)
OUVHM

AMIIII4CMM

•——' • N»t
• - klknk
I - I it IH ltd CMtctniriilMi
N - Co îun* IdtntltlCAtlm MI



100 MimiHIMtl »UM*B8 • N
VO||tJ|WWm ptXUHI ' f

MWJArf t»3-CC'll«UMHII
»|AJ»4 * M»J*4 (l)MWtf

MttAllO

f c't r •••

Aatnr-t

U/fl/ll M/CI/II M/CI/ll M/tl/ll M/tl/M M/tl/ll /t/tl/tl Jt/tl/ll M/CI/II :«1«Vt 11 «
MW »M J0*t NOUS WK WM »M XNf IMS :AKUVKMV1

•ai-*rn Mi-»rrt tM-*m KII-*»K ICII-»»K «II-»»K <>i-»nc tn-tm ««•«« :nm* tnuseowm ICSCMMM KKWHtt MOMWIII " uie*mtt mtawtt naeawtt tunwtt ien«wH :n«m iwm ID
CO-VII-Mf II-CM-OT COOM-M tO-tM -• »••»!••• tO-tM-Wf CO-V»I-M CO-VM-M CO-Vtl-Ht INOIIVWI

HV4 11*11 NOI1311TC M01
II «lft njtWKNIOB

NDI1KM1CMNI K>IIM WRMKI11II - OVIHMJMV
oi -t invi



TAIL! i-10
AUOMCAD - miMOUt MS 10* INVISTICATION

OIQLMMA1M ISTIP II
LM DCTCCTION LIHIT PAH

SA«»LI LOCATION: M-iu-02 «t-iSA-02 MMSO-OI JM-IM-OI «*-i»-02 MH-IM-II «v-ira-«i M*-i7C-oi JM-III-OI
dl SAuni NLMfl: MHM3T17 MHM3O17 MHMUU MHM21M t*HW03O}l MW02S17 ••HMUU MHM2S1* »MM2SU
SAS NUMIt: M4t-ll711l() 144*-1173 344*-1174 M4*-II7I 144*-f 17* M4«-fM 144*-HI 1444-f94 M4t-I**(lf>
lAMUTOIV: SMK SMK SUCH SMK SMK SMK SMK SMK SMK
DAII SAiPLfO: I1/M/I7 II/U/C7 I1/I4/I7 11/li/H M/14/17 11/I1/C7 11/11/17 11/11/17

NMrttlluIlM
2-MthylmphthtlMt
ActiMph thy lent

p*fyl«nt
Acmtphltalem
f luor«M

'.'.'.

0.4 |

1.4 •
•.) • — — u.a j
• .IB --- --- 7.4 |

I.I j
1.1 |

o.t •

1-1 1

0.7
• .1

0.1

!

I

riwottntlMM
.1 I

airy MM
•MlO(b) fllWtMltlMtM
Mntolal

OIMlUU.fc) AMtlWtCtIM
.It >*ryl«M

~ —— ' - N»t
• - kl
j - tftl«l*4

l«MtlllutlM Mt



M||ff9|J||Mtf

WMAMQ

Mt»9tJtt1IIV

NT
Nt

ft
I •

r
NT

ftt •

M/ll/ll
yfHft

t<ii-t»rc
IKCMHtlmvn out*

a/9tnt :oii«rvt JiW

mvn an 1 1 :tIMTN
ivt
IB

HV4 1IWI1 NOIUliM D01
n MIS) Mimao>K}

NOIH9UIMNI w>tjw moNfiiif
01-t ntvi



TABLE B-11
ARROWHEAD - HELDWORK DESIGN INVESTIGATION

HI CM CONCEN»ATION SOIL AND SEDIMENT (STEP I)
INORGANIC DATA

SAMPLE LOCATION:
MATRIX:
DEPTH:
SAMPLE NUMBER:
SAS NUMBER;
LABORATORV:
DATE SAMPLED:

AliMlniM
An tinny
Afsenle
Bidua

Beiylllun

calcluB
chro*lu»

CUM It
copuet
If (HI

LCld

MWieilUM
Minune te
Mercury

Nickel
selenula
Silicon
Silver

MdlUM
TIM 1 |lu*
TlunliM
vanadium
Zinc

kiolld*

S 0*7-10- 01
SOIL

IBHV03SOI
1249- 101

JTC
IO/29/*7

9020

144

...

5440
97

...

16300
•43

1770
141

:::
...

33100
...

...

...
991
...
799

•6.3

SM7- 10-01
WATER

••HVO2SOI
1149-101

IK
10/29/17

"?

...

9*6

...

I 1010

...

'.'.'.
...

I 1290
...

...

...

SO»J- 10-02 50*7-10-02
SOIL WATER

MHV02S01 ••HV02503
1249-103 1249-102

ITC JTC
10/29/17 10/29/B7

1030 439

...

4390
...

...

4390 |
114

...
76

::: :::
...

10900 |
...

... ...

... ...

...

. . . ...
16*

•1.1

SOI7-OS-OI !
SOIL

(0 - 4')
MHV03S01

3244-101
JTC

10/12/17

47000

615

...

16100
46

...
57

4 1600 ]
1160

10300
S4»

;;;
*i

231000 I
...

10100
...

6250
...
a is
too

»OB7'03-03 '.
SOIL

(5 - 6'l
MHV02S04
)24«<I04

JTC
10/ll/*7

4290

5600
...

,--

4610 j
• 2

i960
114

:::
...

17700
...

...

...

...

...

...

100

:oi7-i9-ai
SOIL

(O - 6*1
••HV02SOS

1249-109
ITC

10/16/17

46300

167

30100
62

...
73

47000
69

12600
613

•2

109000
...

4910
...

7420
...

94

91.3

S 047-20-01
SOIL

(0 - 4')
••HV03S06

1349- 10*
ITC

10/15/17

43*00

765

...

14200
55

...
70

1 39700
1770

7910
947

...

1 2)1000
...

4690
...

4410
...
•91

too

5067-31-01 :
SOIL

(0 - 41)
••W02S07

1249-107
JTC

IO/IS/C7

19100

119

...

17300
60

...
74

J 49000 )
336

10200
690

46

I 2OOOOO |
...

9110
...

6620

94

100

SO§7- 11-01 !
SOIL

(0 - 4'l
MHV02SOT

1249- 101
JTC

4J6OO

121

...

13100
to
...
...

19500 J
177

9)10
4)9

...

71

202000 )
...

77M
...

4IM
...
7*

4..1

(0*7-22-01
SOIL

<0 - 4')
•IHV02SOI

3244-109
JTC

IO/ 19/«7

49600

122

...

22400
60

...
91

90100 |
12*0

11100
644

"'.

96

243000 |
...

7 MO
...

7110
...
141

100

•" - Not detected
j • EstlMied concentration



TABLE i-ia
AUOMtfAO - mUMOU DtSICN IMKSTIOATIONSIASUIFACE sou (STIC u

INDIUM C DATA

SAWtE LOG:
ww:
OIL SAM>LE NUMU:
sao usi MJtttt:
in MJMU:
LAMUmiV:
DATf SAMPlfO:

(M/tf 4iy Might)
Aliwlnu*
AflllHMiy
Arttnlc
urliM
••rylllM
CkdlllM
alcliH
Oiro*lM

Cobalt
Owwr
lion
LM4

JufMilua
MOflMM
Mtcury
McJitl

FettitliM
MlMllM
lllwt
S04IUB

RUllIlM
WM4IIMI
line
CyMl4t

ft Sal 141

SOU -OS- 01
(10- If)
••HMIMS
• IM
«fl 7M
UUL
IO/I2/U

1010*

4* I

I31M
!•

10 I
ft

32MB
41 1

TIM
Ul

M |

•41 |

4* 1
•I 1
M

It

1M7-09-04
(II-M')
•UWOISM
• IM
«fl 7M
tML
IO/I1/17

*SM

» 1
M 1

13*00
II

* • I
41

24WO
'•I 1

•MO
IJ7

M J

407 J

H I
•4 1
M

M

SM7'H-M
(M-».»'>
MWOISOt•its
JUI 7«l
UUL
!»/ 11/17

7M«

7-» 1
M |

IOMO
U

• .1 I
M

IttM
• -T 1

• IM
1»

n t
4M J

•H J

» 1
» 1
M

M

so-««-o»
(M-19.S*)
•4HM1004
tlfll
W1U7*
I«AL
IO/U/B7

•4M

• -• 1
M J

IMOO
It

».» J
M

IMOO
> > 1

AIM
Ml

M I

M4 1

43 J
M |
Ml

•t

SOH-D-tl
(0-S'l
•IHWISOI
• its
•1C t7l
UML
!•/ 11/17

I1MW

•• )

•IM
1)

47
I«MO
• •• 1

41M )
ITT

U J

MT i

M
« J
M

• 1

SOI7-I)<01
(l-U.S'l
•WMisoa
• its
WC t71
UMl
»/ 11/17

IMOO

M 1

HIM
17

7-S 1
»

ItlM
4.1 |

MU
J»

It I

*41 |

«• 1
H 1
M

•»

SM7- 11-01
U-ll.D
•tHWItOl
• its
•CM 47*
UUL
10/11/17

11700

T.I 1
4« 1

107M
It

• -3 I
43

lt7M
7 J

MIO
3*7

34 |

• 14

** 1
42 1
Ml

•1

10*7 -11-0)
(U-ll't
••HMISOI
• its
*fC t71
UUL
10/11/«7

*MO

M I

I1MO
1?

» 1
•1

I7SM

T«M
111

S4

4M I

31 J
Itl |
Ml

•t

SM7-O-04
(»-»»')
•IHMI507
• IM
JUG t74
UUL
IO/U/t7

MM

t.4 J
M I

I37M
31

T.I 1
>l

I*MO

•Ml
341

M 1

• 1* 1

4» J
>7 |
M

•4

SOU -30- 01
(4-10*1
•MWOISM
• Itl
*tt 473
UUL
U/U/17

MM

•1 1

O.M J

MM
It

• -4 |
ri

IMM
i.3 j

MM
14«

» J

4W |
... |

Ml J

M I
44
M

••

SO«7-3l-«>
(4- 10' )
MHMISOt
• IM
«• 47»
UUL
l*/lt/»

MM

40 |

• • J

IMM
U

J J
44

I4MO
J.I J

*»•
U4

31 J

• U 1
... t

Ml I

M J
40
Ml

M

MUD ILAMt

MHWIMI
• Itl
Him 4M
•ML
10/11/H

T7 |

IM J

M |

4.* J

•• 1

2.7 J
M

IM

J - llll«t*4 conctntutlon
Ml • uilyili Ml rtqulft4



BCIy UIun

vanadliH
zinc
cyanide

1ABLE 8 - I ]
HELD WORK DESIGN INVESTIGATION

SEDIMENT (STEP I)
INORGANIC DATA

SAMPLE IOCAKON:
SMO CASE NUMBER:
Clt SAMPLE NUMBER
ITR NUMBER
LAflORA TOftV
DATE SAMPLED:

<*g/ko dry Mlghi i

AllMlRU*
Ant loony
Arsenic
Bar lo«

S O*7 -04-01
• 110
••HVOIS14
MEM 41)
RMAL
IO/2B/B7

•BIO ]

49 1
13.2 (

SDB7-04-01
a no
a«MVOi$J)
MEM 4B4
•ML
IO/2l/«7

•S40 ]

a a i
ii i i

SM7-O3-OI
• ISO
BBHVO isio
MEM 476
•MA I
10/21/47

6710 J

...
6B.2 J

SDB7-OS-02
•ISO
MHVO IS1 1
MEM 477
RMAL
io/ia/«7

10700 I

141 |

SDB7-06-OI
• 130
•BHVOISIB
MtM 466
RMAL
IO/1B/B7

4)10 1

11 1
jj a i

SDB7-06-0)
• ISO
MHVO ID1B
MEM 467
RMAL
io/i«/a7

9)60 |

5 J
16 |

SDB7-06-02
• 1)0
MHVO IS 14
MEM 461
RMAL
io/ia/a7

6160 |

7 2 |
17 1 J

S M7-O6-01
a no
MHVO ID2*
MEM 469
•ML
10/M/H

74M ]
...
71 J

II 6 J

SOB7-OI-OI
• ISO
••Hvoisia
MEM 417
•ML
IO/29/B7

1620 |
...
...
117 |

SM7-0»-01
•lib
•BHVOIS19
MfM 4M
RML
10/19/17

7660 |

It t
90 1 J

St>a7-04-OI
• 110
••WOIS40
MEM 41«
RML
10/14/17

10900 J

SI
16*

SM7-09-02
•110
•BHVOIS41
MtM 490
RML
10/34/17

4B60 I

171 I

0 61 |

CalcltM
ChroaluM

Cobalt
CODtt'
Iron
lead

MagneiliM
Manganese
Mercuty
Nickel

polasslu*
selenluM
Silver
Sodlu*

4400 |
14. a
10.1 I
41.1 J

11000
--- •

4690 J
1170 |
0.36
12.1 J

114 J
...
...
712 I

4)10 |
14 1

10 7 |
)0 1 |

11 100
11 4 R

4S10 |
9)1 J

11 6 1

3>4 |

306 |

7010 J
...

34 7 J
17400
•S.B R

1420 ]
1430 J
...
...

...

...

...

...

11600 |
21.1

71 1 J
17100
97 6 R

4270 |
S«0 |

11.6 J

117 }

...

4160 |
10 5 I

...
4i. a i

11)00
4t 9 R

1670 1
910 |

11 1 J

111 J

...

6610 J
16 1

13 1 J
6S |

19700
11.1 R

7«60
671 J

16 4 J

101 |

...

1000 J
10 a
• J J

11.9 ]
11100

16 1 •

1940 ]
111 t
...

17 • )

101 |
...
...
•20 I

6430 1
14 )

10 1 ]
41 • J

11100
17 7 1

4IBO t
371 |

21.4 |

241 |
...
...
...

1130 1
17.*

...
14 J J

11700
--- •

isoo i
tsi i...
...
...
...
...
...

7010 |
11

1.1 I
SO 7 |

17100
•-• R

4410 I
196 |
...

17.4 J

2»7 J
...
...
...

16700 |
91.4

...
11* 1

77700
--- •

1»0 |
441 J
...

31.4

...

...

...

...

irooo i...
...
...

76100
"• •

1260 t
4 tO |
...
...

...

...

...

...

36.3 J
36T

21 3 I
137

31 J
171

11 J
176

IS 1 J
IM

10.1 J
111 21 I |

66.1
11.1 I
70.1

31.• J
431

39.1 ]
119

16 3 J
SB90

14.1 J
3170

% Solldi

-• • NOi detected
I • Blank coniiahuiion
j • (tllMied concent«i Ion

NA • noi antiyied
R - laboiaiofy dau no I usable



(ABLE B-11
ARROWHEAD - MILD WORN DESIGN INVESTIGATION

SEDIWENT ISIEP I)
INORGANIC DAT*

SAMPLE LOCATION
SMO CASE NUUf«:
oti SAMPLE NUMBER:
ItR NUMBER:
LABORATORY.
DATE SAMPLED:

lag/Kg dry Might i

A I (Ml nu*
Anr iauny
Attenlc
Bti turn

Beryl llu»
cad«lu>
calcliM
ChroMlu*

Cob* It
Coppef
Iron
Lead

*agne 1 1 urn
Manganese
Mrcury
Nickel
PoutiluM
Selenlu*
Silver
SOdlU*

Thai MUM
vanadlu*
Zinc
Cyanide

ft solid*

soar- n-oi
. a 390

•8Hvois.il
mtm 481
RMAL
10/38/87

11400 I

II 9
9S 7 )

...

6990 J
11.6

12 J 1
76 1 I

19100
• S I *

4790 |
1190 I

27 1 1

434 I

...

...
41.4 )

19*
...

4J.1

SO87- 11-02
•ISO
aaHVOlSJl
MEM 4»
•«AL
io/2a/a?

616O |

• a .3 i
...

9190 |
13.1 1

...
15.1 1

10600
9.2 *

I960 J
719 J

-.-

...

"*

..,
13 1

45 1
- • -

24.]

SM7- 12-0)
• 190
••HMHS16
«E» 4B3
R*AL
10/31/87

79)0 |
...
96 J
114 |

...

iOSO |
It

IS. 4 I
55.1 1

10100
60. 1 R

4680 t
)"0 t-- .

as j
119 |
...

...

...
10 4 |
1)50
...

19 6

SD47- U-02
•3SO
•BHVOI5J7
MEM 416
ftttAL
IO/2B/A7

7)00 |
...

II. 1 J
SO.I |

0.42 f
...

6)90 |
13 I

10 I
60 6 |

19900
IS. 3 II

4970 |
700 t
-- ,

31.1 |

147 )

...
616 |

...
2S.« 1
!••
...

79. 1

SM7- U-OI
*3iO
••HVOISI6
*(M 464
<«AL
10/37/17

6790 |
• - -

*4 1 |

6240 )
19 «

63 7 1
74)0
IS. 6 R

3230 1
10.9 1

- - -
1) 9 1

176 J

...

...
34 9 1
19.7

)9 1

SD»7- 13-03
aj)0
B8HVOIS37
MEW 46S
RWAL
IO/27/«7

7S70 I

61 a 1

7 ISO J
14.3

...
14. T |
7470
15 9 8

3370 J
102 f

us j
169 ]

...

...
14 j

ia 7...

40 1

SDa7- 14-01
1141

• aaHvoiS24
*E« 462
RMAL
10/37/87

2]»0

12 6
H2 )

16400 |
16

104 1
30*00

31.1 I

7100
244
...

M.I I

• 26 |

...

78
103
1.7 (

19.)

5DC7- 14-03
8I9S
•IHVOIS2S
*EM 461
RMAL
10/37/87

13100
- - -
7 1 J

61 9 |

...

...
• 400 i
1* 7

71 1
60.4 |

17600
16 9 1

4)ao j
111
...

3> J

4)0 t
...

...

...
41 4 |
SI. 9
...

4) •

SDI7- 19-01
II9S
•IWOIS22
MEM 460
RML
10/37/87

17600
* . .

19.9
•7.1 |

O.ll J

)070 J
17.7

11.6 J
«• 1

10700
10.1 |

4160 |
170
"""

16.7 |

IDS 1
...
...
969 J

...
76.*
40.6
...

• 1,9

5M7-IS-03
• 19S
UHVOIS3)
Of* 461
•ML
10/27/17

17*00
...

21. 1
106

O.S9 1
...

6460 J
28.1

7-S J
62.3 |

2IMO
<l.)

4470
172
...
27

S32 |
...
...

1210 |

...
49 7 J

7»
...

*7 1

f lELD BLANK
• ISO
8IHVOIS44
MEM 491
RMAl
10/19/17

90.4 1
...

0 79 1

...
69. 1 J
...

...

...
•15 1

14 |

...
4.7 J
...
...

11.5 1

...

...

...

...

...

...

99.9

--• - NO I detected
• • Blank coniaalMilon
J - EtilMted concenirilloii

N* - not analyzed
• - Laboratory data irai usable



tmt a - 1 4
ARROWEAO - FIELMORK DfSICN INVIST IGA I ION

SUIfACE SOU (STEP 1 I
INORGANIC DATA

SAMPLE LOCI
CRL SAMPLE NUMBER:
SMO CASE NUMBER:
ITR NUMBER:
lABORATOffV:
DATt SAMPLED:

ing/kB dry weight)

AlUNllHIB
AnilBOny
Ar ienlc
Ba i 1 UB

Beryl 1 IIM
CadBlua
CildiM
ChrOBluB

cob* II
copper
iron
lead

Mgne 1 1 UB
Manganese
Mercuiy
Nickel

POUItlUB
selenlu*
Silver
SOdlUft

varudluM
Zinc
Cynanlde

% solid*

SSB7-09-OI
••HVOISI3
B 191
MEC970
RMAl
IO/Ib/87

3630

• 4 3 |

<6 4
16600 |
...

Ib4 |
11700
«47 1

2910 1
249

...

...

...

460

1 1 9

SS»7- 10-01
•6HVOIS12
• 193
ml 173 1
RMAl
10/26/*7

3340

HI 1

'• 6
16000 J

13 100
<49 6

1610 J
391

...

...

...

...

•01
...

1 1 3

55*7-12-01
•BHVOIS13
1193
MEG976
RMAL
10/37/67

4700

120 |

<•.*
21100 ]

3720
<49 1

2650
136

...

...

260
*"

1 1 4

SSB7- 11-01
••HVOISI7
B 19S
MEC978
RMAl

10/37/67

6310

IS S
319

0 91 1
1 4

3360 t
19 7

6 1
167 |

41200
< II 6

3210 J
167

34 3 |

279 J

...

32 3 |
462
...

4» 4

SS87- 14-01
•BHVOIS16
• 193
MIC977
RMAL
IO/27/tT

7660
...
6.7 J

4 4 . 3 |

0.4 J

4510
19

7.7 J
33.3 |

22600
« 7 . 2

3190
194
...

32.7 |

110 J
...
...
764 J

40.2 J
95.3
•*•

77.3

SS67- 13-01
UHVOISie
• 199
MEC979
RMAL
10/17/67

4B90

... j
63 3 )

<6 •
13600 1

•560
41 9 1

3630
477

...

...

...

14 •

SSB7- 16-01
14HVOIS20
• 193
MEM4SB
KMAL
10/17/47

11600

• 1
3» S 1

a 190 |
IS 3

• 3 1
bl 4 |

1300O
19 1 |

5710
196

13 4 J

414 J

1430 |

19 3 |
19 1

46 4

SSB7- 17-01
• •HV01SI9
• 193
MEM4S7
RMAl
10/27/17

4610

99.9 J

<•••
U100 J
...

...

IIBOO
• 3 7 |

1110 J
714

...

...

...

...

...

...

II. 1

SS»7- 14-01
•6HVOISM
• 195
Ml 1792
RMAL
10/26/67

4660

12 1
239

...

26100 I
...

...

I89OO
•9 4 J

1660 |
7300
...
...

171 1
...
...
...

14.6 |
lit
...

20.6

SS67- 19-01
••HVOIDIO
1145
ME 1 7*7
RMAL
10/26/17

10100

10
70 7 J

...

4610 ]
21 4

10 9 |
33 9 J

20700
36 4

36«0
72*

33.1 J

161 J
...

34 •
44 •
...

67 •

SS67-10-01
•IHVOISI4
• 195
MEG975
RMAL
10/36/67

16200

...
114 ]

...

...
16100 J
14.1

...
Sl.l |

31900
» 1

I 4190 |
311
...

39.9

451 J
...
...
...

46.6 |
96.6
...

34.1

f l f lD BLANK
•6HVOIS11
• 191
MEM499
R.MAL
10/37 /»7

67 J

...

69.9 j
...

...
1.9 J

91.3 ]
...

4.1 )

...

33 9 t
...

...

0.44 J
...
...

IOO

•" - NOC detected
I - mimed concemr*u<m



TABLE B- is
ARROWHfAD - FKLDWORK DESIGN INVESTIGATION

SUtfACE SOIL (STfP I I
INCINERATION PARAMETERS

SAMPLE t OCA i ION
CRL SAMPLE NUwAER:
SAS NUOBER:
SAMPLE NUMBER
lAttORATOBV
LUTE SAMPLED

INCINERAlGft PARAiHtrtRS

Molituie Con ten l i«i
Ash content 1*1
Heating value <aiu/lD)
CarMn con I en I i%)
Hydrogen content (»i
Nlliogen content (ft)
Oxygen Content IRI
Sullur content (fti
Toe tng/g)

SSB7-10-OI
6«tMI1Sl2
3JJOE
- - - /E20
WtVfR
IO/36/I7

NH
Hi
M*
W
W
»M
NA
Nik

410 |

SSI7-11-OI SSB7- IS-01
••HVOISI7 aiHvoisia
1110E 33JOt
E3S/E2S (li/E26
W(VE« WCYER
10/17/17 10/27/67

40 3 (6.1
as

1147.
A

1

0
3 .
0

11 t>
1 7013 0 |

43 9
4 3
1.6

2».2
O S

•10 1 490.0 )

SSB7- IJ-01
• BHVOIDia
1310E
E60/E44
WEVEK
IO/27/B7

• 6 4
11 6

7 107 0 |
41 7

4 3
1 6

2» S
0 S

190 0 |

SSA7- 17-01
B«HVOIS19
15 JOE
(37/E37
WEYtt
10/27/67

•6 S
19 3

77S3 .0 1
44 7

S 0
3.«

37 3
1 0

430.0 1

SS»7- 16-01
•8HV01SH
3330E
EI4/EI4
WEVER
10/16/67

•4 3
11 4

7343 0 |
4) 3

4 &
1 1

16 S
0 3

160 0 |

SS67- 19-01
MHVOISIO
1310f
E16/EI6
•EVE*
ID/26/*?

19. 1
•6.7

619 0 |
9.9
0.6
0.1
4 7

>0. 1
71 0 |

fltlO BLANK
••HV01S11
1130E
E24/EI9
WEVtR
10/17/67

«0 1
100 0
6« 0 1
<0
<0.
<0.
'0.
<0.
U.O 1

I - flltMled concentration
NA • NOI analyzed



TAIL! •-»*
• FIEIWORK DESICM INVESIIOITIQN

SEDIMENT (STEP I)
INCINERATION PARAMETERS

SAMPLE iOCAnON
OIL SAMPLE NUMER:
SMO SAS NUMER:
ITI NLHEl:
SAS NUMBER:
LAIORATMV:
OMTI SAMPLED:

SM7 -04-01
•IHVOIS34
•ISO
Urn 411
1110-193
•(YER
10/ll/*7

SM7 -04-01
»HVO ID34
•1M
MM 413
1110 -E9S
MVER
tO/»/*7

SMT-05-02
••HV01S1*
•190
*EM 4«1
11M-E40
HfVEl
tO/29/«

SM7-09-OI
MHVOIS40
•»0
MCM 419
»30-E97*E«i
WCVER
IO/3«/«7

SM7- 11-01
••HV01S12
•190
MEM 4«l
1130- E42
•EVER
IO/1I/B7

SD>7-13-Ot
•IHV01S17
•ISO
MEM 4*5
3110-ES1
KEYER
10/11/17

SM7-U-01
••HVOIS16
•190
MEM 4*4
1110- E14
•EVER
IO/27/*7

f lELO BLAW
••HW01S44
•190
HEM 491
MM- ESI
•EVER
IO/»/*7

MDliture content (ft)
AM Content (ft)
HMIIng Mlue (Btu/lb)
Carbon Content (ft)
Hydrogen Content (ft)
Nitrogen Content (ft)
oxyoen content (ft)
sulfur content (ft)
TOC (ng/g)

30
97

131
0
0

• 0
1

«0
t

0
9
0 J
7
3
1
6
t
0 J

39 9
97 1

192.0 |
0 1
0.1

<0 1
1.*

(0 1
• 0 |

71.9
70.1

M9S.O J
17.1
2.3
O.I
9.*
0.3

130.0 J

•9
29

7717
40

9
1

16
7

190

1
4
• i
4
0
1
t
J
0 1

97 9
•6.2

114) 0 |
6.9
1.0
0.4
9.4
0 1

SO.O |

41
99

3*4
1
0

<0
2

<0
19

,
4
0 I
7
J
1
t
1
0 J

Mt tO
»M 100. (
Mt 97. (
N» <0
NA <0
m .0
NA <0.
m 10.

120 | ill

I - Ed (Bated concentration
MI - ml analyted
----- - Not detected

I - ilink conUnlmtlon
I • Laboutory data not uuble



TABLt B-17
ARROWHEAD • FIELDWORK DESIGN INVEST I CAT! ON

SEDIMENT (SIfP I I
ORGANIC DA I*

SAMPLE t OCA 11 ON SM7-04-01 S0*7-(W-OJ SO«7-OS-OI SD»r-01-02 SD«7-06-OI S0«7-0fc-0l SD»7-06-OI SDa7-06*02 SDSr-06-02 SO47 -06-01 SDC7-OB-OI
OIL SAMPU NUMBER; SSHVOIS14 aBHVOISIS BBHV01S10 MHVOISlt MHVOIS28 MHVOIS2I »»MVOID2» MHVOIS29 BBHVOIS29 BBWOID29 •IHV01SU
S«0 CASE NUMBER: 8350 1130 »3SO 6 ISO 1130 1350 «150 *3»0 (ISO l»0 1)50
OTR NUMBEft: EP 1*0 EP Ml EP 171 EP 174 fP 161 IP 161RC fP 164 EP J*» fP 165B.E EP36* EPM4
LABORATORY: AATS AATS Ell Ell Ell Ell til Ell Ell Cll AATS
DATE SAMPLED: io/«/«7 io/26/«7 10/21/17 10/21/17 IO/IB/B? io/2a/B7 io/2*/B7 io/2i/«7 io/2*/i7 10/11/17 io/2*/«7

VOLATILE ORGANIC COttPOtftOS
(uo/kg diy we 19*11)
vinyl chlodde
IWIhylene Chloride 7 B 10 B 76 B 47 B 41 B 49 B 27 B 12 B 32 B 14 • 260
ACCIOM 1I J U ISO ^ tl B 19 B 61 B >Q B 270 140 B 60 B 620
Tout i.2-Olchloroeihenei

Ctilorolot* ••• ••• 9 |
2~BuUnone 12 B 1I B HO a SB B 17 B 76 B 71 B « B II B 16 B 130 B
I.i.i-Trlchloioeihane ••- ••• --- •-- --- --• -•• --- -•• •-• IB t
Benzene
Toluene 79 B M B 9.0 II B • B a B 6 B HI 14 B a • BSD
Ethylbenzene
Tot*I xyI en*s

SEMIVOLATILE OICANIC COMPOUNDS
lug/kg dry Might)

Phenol
DleihylpfiUulate
HiMrene
M-Nl t to tod Iphenyl Mine

Pheiuntnr ene
AnthitccM
Dl-n-lutylphlhiUte
FiiMiintlwne
PyrBM
•uly>B«nivl»htlulBte
•cnioU )*n thracBM

170 J
•6 J

... ... ...

...

))0
... ... ...
... ... ...

},0

1(0 I
... ... ...

300 |

110 1

...

190
...

SIO

140 |
...
210 |

6B J

...

...

.,.

...
S4 1

M 1

...

Ml
NA
M
NA

NA
NA
NA
NA

NA
NA
NA

56 J
... ...
• -- ---
...

120 |
9* |

... ...
41 i BIO

19 | ISO
... ...

220

NA
NA
NA
m
NA
NA
NA
NA

NA
MV
NA

77 J
...
62 f
...

1M J
»6 J
...
190 J

420 J
...
200 |

...

...

...
2BOO J

...

...

...

...

...

.-.

...BcnioU ) Anthracene
b>m-flftylhe*vl>Piun*ltte

OirviCM
Ben»(b>Huorantnene
•eniotk )» luortnthene
BeniaUlPytene

indenol(i,2.3-cd»Pyrene
Benioio h liPetylene

110 J

- - -
...

300 1

»0 |
240 |
240 |

...

210 J
290 J

2SO |

160 |

...

NA
NA

NA
NA
Nt
NA

NA
NA

220
IM

290
110
110
210

120
120

NA
NA

NA
NA
NA
NA

NA
NA

200 |

210 |
160 J
160 |
ISO |

...

...

BOO |

...

" - - - " . NOI MICCltd
B - Blink ConUalnatfon

NA • NOI analyzed
I • (itlMted concento(Ion



TABLI B- 17
flELDNORK DESIGN INVESIIGAIION

SEDIMENT (STEP I}
ORGANIC DAIA

SAMPLE LOCATION. SDB7-Oa-01 SDI7 -09-01 SM7-09-02
OIL SAMPLE NUMBER: ••HVOI519 IIHV01S40 BaHV01S4l
SMO CASE NUMBER: aiso 1350 aiso
ore NUMBER: EPIIS EP»6 EPII?
LABORATORY: AATS AATS AATS
DATE SAMPLED: 10/29/17 10/29/17 10/29/17

P.VOCS

VOLATILE ORGANIC COnPOlMDS
lug/kg dry welghi)

vinyl chloride --- 100
Hethylene Chloride 10 170 iso
Acetone 200 2500 laoo
Total t.2-DlchiO(oetnenef -•- 560

Cfilorolor* --- 2* B
2-Butanone 140 B 1100 su
1. 1. I-TI Ictiloroeinane
Benzene --- •-• si j
Toluene 320 no 270
ttrtylbeniene 4 j soo 130
Total xylenei i 2100 wo

SE*I VOLATILE ORGANIC COMPOUNDS
(ug/kg div weight I

Phenol
Olethylphthalaie --- uooo j
fluortn*
N-Nltrofo4lpnenvlaalne 790 J

Phenantrirwe
Anthracene
DI-n-ButvlpMluliie
Fluoranthene
pyrene
•ulylfccniylphthalaie
uniou lAnthracene
blf(3-fthyltMxyl)Phthaiate
Chiyttnt
••niolblHuoranthene
MniolktMuoranthene
leniotalPv'tne

indenoht.2.1-cd)Pyiene
IcflZofg.h. 1 IPerylene

"---" - NO! Detected
B - Blank contamination

NA • Not analyied
t - Est imated concentration

SOB7- 11-01
aiHV01S12
also
EP17I
Ell
10/21/17

...
24 B
72 B
...

...
39 B
...
...

11 B
...
...

...

...

...

...

170 )
*4 J

410 J

510 1
...
330 t
...

ISO J
...
...
l«0 t

...

...

SM7- 11-01
•etwoisii
• ISO
EP17IRE
Ell
to/M/B7

4 B

...

...
SI B
...
...

1 B
...
...

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA

SOB7- 11-03
»dHVOIS33
I1SO
EP179
(11
io/2a/a7

31 B
130 B

...
110 B

640 |

...

470 1
»S J

...

4SO ]

250 |
91 J

300 I
210 J
210 1
210 J

140 1
110 I

SOI7- 11-01 SDB7-I2-O1
BBHVOIS11 IIHVOIS36
B1SO I1SO
EP1748E EP3B2
Ell AATS
10/21/17 10/31/17

...
71 B

ISO I 97
...

... ...
110 B 24 B
... ...
--

110 ] 130
... ...
...

NA
NA 140 |
NA
NA

NA 240 I
*M - - -
NA
NA 260 1

NA 140 |
NA
NA 210 J
NA UO J

NA 170 |
NA
NA
NA

NA 160 |
NA ISO |

SM7- 12-02
•IHVOIS37
I1SO
EP1B3
AATS
io/ia/a7

...

240
...

...
110 B

110
...

...
160 J
...
...

140 }
*--
...
140 j

140 t

170
110

190
140
170
100

...

...

SM7- 11-01
aawoiS2*
• ISO
EPUI
fit
10/27/17

...
61 B
27 B
...

...

...

...

10 B
...
...

...

...

...

...

910 t
91 J
...
• 10 |

S40 I
...
110 I
110 I

120 J
120 I
120 |
110 |

140 |
...

soa?- 11-01
••HV01S27
aiso
EP162
Ell
10/27/87

SO B
SS B
...

...
43 a

10 B
...
...

•1 1
...
•9 J

a40
uo i...
910

1200 J
...
450 J
...

470 |
ISO |
160 1
...

...

...

soa;- 14-01
• IHV01S14
ai9s
EP159
META
10/17/17

30 B
70 B
...

...

...

...

...

S10 j
...

a 100...
640

110 |
1400

4 10 |
190 |
1M J
170 t

200 j
...



IABLE B-17
ARROWHEAD • FIELDMftK DESIGN INVESTIGAIION

SEDIMENT (StfP II
CtGANIC DATA

5AMPU IOCAIION: SM7-14-02 SD67-1S-01 SO-»J-15-02 HtLO BUSK
cii SAMPLE NUMBER: HHVOISIS MHVOISII umoisai IBHVOISU
SMO CASE NUMBER: n«) im tits i»o
OTR NUMBER: EPlfeO EP»T IP1M EP 141
lABORATORV: META MtTA ttfTA AAlS
DATE SAMPLED: IO/2T/>7 10/27/87 IO/17/*7 10/11/«7

VOIATILI ODCANtC COMPOUNDS
(ug/kg dry wfignti
vinyl chlodde
•ethylen* chlodde Ji B 7« B 76 B
Acetone is B 62 B
Total i.i-Dlchloroetnenes

ChlOrolori
3-Butanone --- --- ••- n
1.1. i-Tf ichloroettune
Benzene
Toluene ••• ••• 1 \ •
Ethylbeniene
tout xylenet

SEMIVOLAIILE ORGANIC COMPOUNDS
lug/kg dry Might)

Phenol
OleinylphthtUte
fluorene
N-NlitotodlphenvlMilne

PPwntnthrene
Anthracene
Di-n-ftulylphthalate
Muo ran then*

Pytene
BU ty ibeniy 1 pntha I a t e
•enioui Anthracene
blf(2-Eihvlhcxyl)Phthalate
chiriene
••nioi b ) f I uor an thene
Benudt H loor an thene
•enuialPyrene

470

1700

610

340 J
4SO ]

170 t
1*0 1
2M I
340 t

40 1

1100

S7 J
47 |

SW

---

710
57 |

9100

•M

100 |
760

411 J
230 j
270 |
370 I

"-

:::

'.".

indenold.l.i-cdipyrene It j --- 200 J
eeniolg.h llPerylene

-...- . Not Detected
B • Blank contamination

NA • NOi anaiyied
t • tfllMled concentration



TABLE B- It
ARROWHEAD - fKLDWORK DfSICN INVESTIGATION

SURFACE SOU (STEP I)
ORGANIC DATA

SAMPLI toe; ssa7-09-oi SS67-10-01 ssi7-u-oi ssiJ-o-oi
CRL SAMPLE NUMBER: MHVOISII (tHWistl MHVQISIS IBHVOISI?
SMO CASE NUMBER: »HS «1« •!» H9S
Oil NUMBER: EP 344 EP 141 EP 1» If 1SJ
LABORATORV: Meia Trace «eta Trace Met* Trace MCI* Trace
DATE SAMPLED: 10/16/17 IO/26/«7 10/27/17 10/27/57

VOLATILE ORGANIC COMPOODS
lug/kg dry weight)

SS67- 14-01
MMVOIS14
• US
(P IS I
«eia Trace
10/27/17

SSaT-li-oi
MHVOISII
II9S
EP 351
Met* mte
IO/27/B7

SSB7-16-01
MHV01S30
»I9I
EP 3S1
M«U Trace
io/17/e;

SS*7- 17-01
•IHVOIS19im
If 1S4
Meu Trace
10/17/»7

SSa7-l«-OI
MHVO IS 11
• 1«S
EP 141
*eia Trace
IO/M/17

SSI7-19-01
HmoiSiO
1195
EL IS}
Me la Trace
IO/36/«7

SS«7-19-01
••HVQID10
1199
EL «•
Met* Trace
IO/26/I7

SSK-20-OI
••HV01S14
ll«
EP 14«
Met* Trace
IO/]t/«7

fI €ID BLANK
••HV01S2)
BI99
EP 116
«eia Trace

•eihylene Chloride
Aceione
Benzene
Toluene
Total xylenet

2SO J
... ... ...
... ... ...
MB 31 B 190 J
...

1*0 |
150 |

...

100

S3
31
75

J

1
B
J

1*0 |

...

77 1
190 B

470 J
I&OO |
... ...

90
... ...

210 |
160 |
...
160 )
...

230 1
110 J
...

74 J
...

...
120 1

•40 |
...

ID B
13 •

...
2 f

...

SEMIVOLATILt ORGANIC COMPOUOS
lu«/kg drv weight)

HeKacniofoetnane
Benzole Add
Naphthalene
2-Melhylnaphihalene
j-chiaronaphinalene
riuorene
4.6-Dlnllro-2-Meihylpherwl
Phenanthrene

Dl-n-ButylphthBlati 2600 B
fluoranlhene
pyrene
Butylbenivlpnthalate
blil2-ElhylhCNyl)Phlrialale 3*00 B
Otrytene
Dl-n-Oclyl Pdinalate
BeniolktFluoranihefM

III
:::

---

ISO )

940 J
4M |

1000 |
*JO |

3BOO •

MO J

:::

2700
4000

1400

1600 •

710

1*00 •
140 J

:::

::: ..:
14000 B SOOO •
19000

•000 1100 B

S20

100

:::

2600

1900

...
170 )

:::
1200 •
3100

IMOO

---

:::
S20 B
MO

MO B

170 J

""

100 B
74B

BM •

- -"

"--

4000 B
I too
210 1
140 J

430 B

-"-

"--

1000

470

170 J

•~ - Not detected
B • Blank contamination
I - EillMied concentration
R - laboratory data not uiabie



TAIL! 1-1*
AMOHMEAO • FIEtOKttK DHltM INVESTIGATION

SIASUIfACE SOIL (STEP I)
ORGANIC MTA

SAHPII toe:
MMH:
OIL SANM.I MJMEi:
SMO SANPLI NUWH:
Oil MJMEl:
LABOUTOIV:
DATE SAHPLED:

SM7'0»-0)
I l«-l*' I
•MM ISMaits
IP 33t
JUU Tftu

SM7-OS-M
<M-M*>
•MM ISM
• its
IP MO
MU Tt*C*
IO/11/*7

SM7-M-OS
(M-)«.»')
•MM ISM
«IW
(P 141
Mil Trie*

SOH-OS-B)
<U-1* ft
UHMHD04
•its
IP 17*MI* me*
10/ll/*7

S0*7-11-01
(•-•'I
MHMIMI•its
IP 141
MI* Tract
IO/11/S7

SM7- 11-01
(S- I2 .S* )

• 1W
If 94*
MU Tf»Ct
10/12/17

•in
IP 179
MU Tf»C*
!•/ 11/17

S0«7-11-01
(10-11'1
•IHMIS01
• IM
IP 147
Mtl T»«C«
10/11/*7

S0»7-11-04
Ol-M.I't
•WM1S07
• IM
IP Ml
MU tflCl

SM7-M-0)
14-!•'»
••HWISM
• its
If Mt
MU !!«•

SM7-2I-01
44-10*I
UHMISOt
• its
IP 173
MU Tf*Ct

flfLD il*Nl

•IHWIMI•its
IP 177
MU lr*ct
Mt/ll/tT

VOLATIIC OlttNIC
tug/kt dry Might)

MUirlm CfclOflM
ACtlOM
ToUl l.J-olehlorMlheiw
1. i.i-TtlchlofMitoM

" Iito •
87 J
3) 1
I I

71
31
11

41 I
110 •

H I
IM •

IS •
IM I

24 •
110 •

10 *
17

17 •
«• I

!• I
111 •

It J
230 I

TllClllOKMlMM
lOllMM • J 4 I

SUIVOLATILI ttGAMIC CJMPOtMB

IMpfMfOM
fcMMlC Mid
MpHtMlM*
1-MIIW iMMjlM I«M

PMMDtlUWM

MwrMlMM

hi Ha-cuiyiMiyi iPtiiMUu
ChrvMM
61-n-Octvl pftttaUU
tWMU >f IWfMIlMM

IM • 34

410 • 7M •

IB 3MBm

I1M
M

1IB |

7M B

••• B

IM B

MO • SM

IMO |
IM J

170 |
IM |

tl •

IM •

M
• IM
MO
•M

32M
IM

1MB
1IM

110 J
47M J

IM I

1M 0
IM 1

IM |

• 1 J

• - MI MttCUd
• * •!•!* CMtMl
I • I HIM ltd



TASK B-20
ARROMHEAD - FIELMORK DESIGN INVESTIGATION

HIGH CONCENTRATION SfDlftENT AND SLNFACf SOIL (STfP II
ORGANIC DATA

SAMPLE LOCATION; SM7-I0-01 SM7-10-03
DEPTH:
SAKPLf NUMBER: MHV02SOI MHV02S02
SAS NUMBER: 3 1 5 5 1 - 1 0 1 JISil-102
LABOtTOftV: NANCO NANCO
DA If SAWLfD: 10/19/17 10/39/a7

VOLATILE ORGANIC COMPOUNDS
lag/kg Ait weight)

SM7-OS-OI
(0 • 4*1

MHV01S01

NANCO
10/11/17

S0*7-OS-02
14 • *')

(IHV02S04
31551-104

NANCO

SM7-19-01
1 0 - 6 ' )

•IMVOlSOi
31551- IOS

NANCO
10/16/17

SD87-10-OI
(0 - 4' I

••HV01S06
3 I 5 S I - I M

NANCO
10/11/67

SOt7-2l -01
(0 - 4')

IIHVOI507
J I5SI- I07

NANCO
10/IS/H

S047-21-OI
(0 - 4'»

••HV03D07
11SS1-IO*

NANCO
IO/1S/*7

SOI7-2I-OI
(0 - 4')

••HV02SOI
1I5M-I04

NANCO
10/19/17

neihvlene chlodde
i 2.-OI(loro«th»n*
Trlchiorethene
Toluene
Total Xylenet

21 I
110 J
SI

10 I
24

20 ) '» I 31 I it a
•» J

SEMIVOLATItt ORGANIC COMPObNOS
lug/kg d<y welghl)

2-ChlotopMool
i. i-Dlchloiobeniene
N-Nliroto-DI-N-Ptopy latrine
i . 3.4- ir Icnlotobenzene
3 -«e thy i tup (ha I ene
Acenaphtene
i.3.4-oinl troioluene
Phenanlhrene

Anihiacene
fiuoianihene
Pyiene
Oteldiln

• i
45
40
43

)7 J
44
57
10

11
K
17
M

1

1
1

1

1
1
1
1

Not detected
EitlMled concentration



TABLE n-zi
ARROWHEAD - HELDWCWK DESIGN INVESTIGATION

SURFACE SOIL (STEP I)
LOW DETEC!I ON L IMIT PAHS

SAMPLE LOCATION
CRL SAMPLC NUMBER:
SAS NUMBED:
LABORATORV:
DATE SAMPLED:
DILUTION FACTOR:

lug/ke <"V weight)

rapftthalene
2-ttettwlnaphilulene
Acenapnihylene
Accnaphihene

Fluorene
Phefuntrirene
Anihiacene
f luoianihene

Py<ene
Benzol * >Anih(acene
Chiytene
Beniolblfluoianthene

BenioiiiPyrene * Perylene
indenoi i . 2. 3-cd)Pyrene
DlberttU.rmntlifacene
tenzoig.n. UPerylene
i-«eihyln«pih«lene

sseT-oi-oi
•BHV01SI1
3130-E]! DL
HI TTMAN
IO/26/B7
10

4100 Nj

1700 |

670 JN

740 N]

--,
...

SSB7- 10-01
BBHVOISI2
13M- t30
HI f TAUN
IO/16/B7
1

...

...

...
300

...

...

2000 |N

9000 J
*300 N|
...
...
...

SSI7- 10-01 SS67- 12-01
BBHVOID12 BBHVOISIS
3110-E20 DL 1110-E21
HITTMAN HIIUMN
IO/I6/B7 IO/17/B7
10 1

1*0

7»0 *

440 *
1100 N|

420 |
1000 j
1400 «
1400 *
1200 NJ

SSB7- 12-01
•BHVOIOIS
1130-E23 DL
HI TTMAN
10/I7/B7
10

...

960 R
920 R

...

...

410 NJ
...

...

...

SSI7- 12-01
•BHVOIDlS
3330-E23 DL
HITTMAN
10/27/B7
20

...

...

790 |N

...

...

1300 N)

...

SS87- 13-01
•BHVOISI?
3310-E2S
HI rTMAN
10/17 /M
2

IfaO Nt
360 |N

24 N|
26 N|

16 NJ

190 NJ

1,00 N|
1400 N|
4300 N)

1600 HI
2700 N]

420 N]

SSB7- 13-01
BBHWOIS17
3330-E29 DL
HI TTMAN
10/27 /B7
20

...
260 |N

...

4BO |N
440 •
ISO *

1100 |N

950 JN
...

2000 JN
...

...
340 NJ
...
HO R
2BO |N

SSI7- 13-01
BBHVOIDI7
1330- E4*
HI TTMAN
IO/37/B7
2

2<0 N|
430 HI

43 NJ
920 NJ

2i N|
24000 |
21000 NJ
4«oo NI

490 NJ
...

5*00 NJ
11000 NJ
...

17000 NJ
4BO JN

SS17- 13-01
••MVOIO17
3330-C46 OL
HI TTMAN
10/27 /B7
20

...
2*0 NJ
92 NJ
...

...
610 NJ

1200 |

«IO JN
...

100O R
...

410 NJ
...
...
9BO IN
300 NJ

SSB7- 14-01
•BHVOISlb
3310 -E 14 IX
HITtMAN
10/27/IB
10

1100
1000

*30 NJ

1100 NJ
1400
...
1200 J

9»0 N|
560 NJ
710 NJ
...

...
ISO NJ
...
100 N|
9100

" - - - " • NOi detected
I • fitimed concentration
N - OMpound Identification not coot In
R - laboratory dtta not uuble



UBLt 6 - 2 1
ARROWHEAD - FIELDWORK DESIGN INVESTIGATION

StSfACE SOU (STEP II
LOW DttlCriON L I M I T PAHS

LOCATION:
GIL SAMPLE NLMBER:
SAS NUMBER:
LABORATORV;
DATE SAMPUD:
DILUTION FACTO*.
lug/kg dry weight)

SS»7-li-OI
BBHVOIS1B
J1JO-E26 Di
HITTftAN
10/17/87
10

SSB7-16-OI
BBHV01S20
3310-fJB
HI TTMAN
10/17/17
1

S»7-16-01
BBHVOIS10
JJJO-E2B OL
HITTMAN
IO/27/B7
10

SSB7-It-01
BBHVOID20
1310-f4«
HIFTMAN
10/17/17
I

SS*7-17-01
•IHV01SI9
3110-E27
HIITMN
10/27/B7
1

S S B 7 - ) 7 - O l
BBHVOIOI9
1310-M7
HIIT«MN
IO/Z7/B7
I

SSB7-18-01
BBHVOIS I I
1130-f 19
HI I THAN
IO/26/B7
I

SSB7- 19-01
•BHVO IS 10
1310-til
HIIT«AN
IO/36/B7

SS«7-20-01
IIHVOISI4
3130-E2]
HITTlUN
10/26/B7
I

SS«7-20-01
BBHVOIDI4
J330-H*
HI ITMAN
10/26/B7
I

MtLD BLANK
BBHVOID10
JJJO-E29
HITTMAN
IO/27/B7
1

Naphthalene
l-«e(hvI naphthalene
Acenaphthylene
Acenaphtnene

F 1 IKH ene
phenanthrene
Antntacenc
Fluotanihene

Pytent
Benzo(a)Antnracene
chcyiene
aenzo ( ft) f 1 uoran them
Benzo<a>Pyrene * peiylene
indenoc i . 2. }-cd)Pyiene
01 beni ( a . h >An ihr acene
•enioig.h. DPervlcne
i-Hclhylnapihalenc

3)0 R

6100 N| ••• BbO R

440 R

490 R
«BO R

J70 R
710 R

::: ::. ..: :::

MO NJ --- 320 NJ
310 NJ

BIO N| 920 N|
300 NJ

100 ISO

'.'.'. '.'.'. '.'.'.

"'• ••• —

-••-• - Mil detected
I - EitlMled concentration
N - OHipound Identification not
R • laboratory data not uMt>lt



AMOMCAD • riELOWXK MSIGN INVESTIGATION
SUSUFACE SOIL (STEP I)
LOV DETECTION Lull PAHS

SAMPLE LOCATION: SO*7-09-01 S047-M-C1 SM7-OS-04 S047-OS-04 SOI7-09-09 9047-01-OS 50*7-11-01 S047-11-01 $047-11-01 M«7-11-01 SOI7-11-01
DEPTH: (10 - I*') (!• - I*') (14 • 10') (It - 20') <M • M.I) (M • ».l) (0 - •') (0 - »') IS - 11.11 IS - II.*) (30 • 11')
OIL SAMPLE NUM4H: 4MMIS09 4.4HMUM OMWOIS04 ••HVOIIM MHMISOt tlHMII04 UHWIMI MHMIMI HHMISO> M+M1U1 MHMII01
SAS NLHftU: 11M-EOS DM-Ell 1110-107 11M-EI1 1110-EM 1110-(ll 11M-E01 11M-E01 11M-E01 11M-I04 DM-C04
LAKKATOBV: HITTMN HITTMN HITTMN HITTMN HltTMN HITTMN HITTMN HITTMN HITTMN HITTMN HITTMN
MTC SAMPLED: to/il/*7 io/il/«7 ia/12/17 10/11/17 io/n/*7 10/11/17 10/13/17 io/u/«7 io/il/« M/i3/« 10/11/47
DILUTION fACTOl: 1 I I I I I t I I I I

<ui/kg My Might)
MptollMltM 49 I 140
l-MthylMPfttlUlWM MJ 370 J
Actmpfclhylom
ACOMfktlMM

rluoruM
PMntntftrtiM
ritMrtntlMtM
Piyuit
MAIOU )Mlkf 4C«M
QiyfMM •*• ••• -•- --- *•• ••* --• ••• ••• •*• ••*
Mni*(»)riuorMiUMM •-• — — — — — — — l*o J

7« I tt | — --- --- — 170 IN

DlbtniU.I
ttnioft.k.imryltM

41 |N

-—• . MI
j - EHIMM4 cottmtmlon
N - OflpOHM IdMIIIIUllM Mt CMlf IIM4
I - utoftioiy feu MI



Tan ••»
AMOHHEAO - miMOai MS KM INVESTIGATION

SLULAFACE SOU (STEP I)
lOt OfTKTUM LIMIT PAM

SAMPLE LOCATION: MU-II-OI SMT-D-M soi7-u-o4 30*7-30-01 sM7-2i-oi HELDILAMI
DEPTH: (» - M'l 111 - ».»') (U - 11. 11) (4 • 10') 14 • I0'»
CU SAMPLE NUttEl: UHM1S01 MIMIS07 ttHMIIOr MHMHMt IMM1SM ••HV01I02
US MJMfl: 11M-IM 11M-II* 11M-II4 11M-EU 1110-ffT 11».|1S
LUOtATOlV: HITTAAN HITTAAN HITTJUN HITTMN HITTMN HITTMN
DATE SAMPLtO: 10/U/W 10/ll/M IO/I1/CT IO/li/*7 H/1i/« IO/I1/17
DILUTION f ACTOR : I I I 1 1 I

-•- ••- •— —— 400
>-MlhVlMphtMI«W —— •-- •-- —— IM

— •-- — -•- 7* JN
fluoriM — — — — 140
MMflMtklMW —— —— —— 140 MO
MMr»tMnt --- --- •-- IM 1M
prroM — — •-- 110 240

OWIMIM .-- —— .-- 77 I
OMUOlkirlUMMtlMM —— —— -•- H I
feOMOUWrOM * NfVlOM ••• •-• *•• U NJ IM JN

lMOM»(l.a.>-c4>»VIOM -•• — — Ml 70 •
DlftOH (• .klUUUKHM
MN*(|(ll.l)fOfylMM —— —— —— 71 0 190 0
l-OOttrlM»tt»l*M ••- —— 1*1 —— 0401

-...- . Mt OOttCl«4
I • titiMUO concMirktiim
M - CMpwoO loMllflullM not conllraia
• - Ufcoftuiy oi U not uublt



TABLE B-13
AMMHEAD • MtLDWXK DESIGN INVESTIGATION

SEDIMENT (STEP I)
LOW DETECTION L I M I T PAHS

SAMPLE LOCATION;
CRL SAMPLE NUMBER:
SAS NLN0EI:
LABORATORY:
DATE SAMPLED;
DILUTION FACTOR
(ua/kg diy might)

soar-os-01
•aHvoisio
3310-140
HI TTMAN
10/24/17
I

50*7-03-01
•IHV01SJ1
3110-E4I
HI TTMAN

SM7-06-01
••Hvoisia
1330-E36
HI TTMAN
10/17/M

S067-06-01 SO*7 -06-01
ISHVOISII laHvoioia
1330-E16IHE) 3130-E37
HIITMAN HITTMAN
10/17/«• 10/31/17

1

S0a7-06-01
MMVOIS19
1310-E3I
HITtMAN
10/lB/«7
I

SM7-06-02
atHVOID19
1110-f19
HI TTMAN
io/»/a7
1

soa7-11-01
MHVOtS32
1110-f42
HI TTMAN

5O»7- 11-02
11HVOIS31
3130-E43
HI TTMAN
io/it/a7
i

S04I7-I3-01
•IHVOIS26
1110-E34
HI TTMAN
IO/27/I7
I

SM7-13-02
••HVOIS17
3110-E3S
HI TTMAN
iO/17/aa
i

NiphtMlene
l-ftethvlMptilhalene
Aceraphthylene
Acenaphthane

10 N|
17 N|
76 N|

II J
II I
7» I

10 JN

U J

fluoicne
Phentnthrene
Muoranthtne

490
110
470

N|

•4 J tao
360
91 J
440

H 1
410
• 1 J
140

ISO
1700
190
2000

61 I
470
74 J
760

••0
. 190
•40

610
IM
900

Pyrcnc
Benio(a>AnihicwM
Chryient
B«iioib)f luoianthene

140 J
»0 N|
190 910

710 N| 100

S9 N|

« J

76 |
•7 N|

M I
•1 J
110
160

240 J
290
290
ISO

110 J
130
190
210

1100
•40
600
1000

160 |
1*0 NJ

400 NJ

1000 J
4M
640
7H

700 I
HO
4W
930

•enia<a)Pyrene * Perylene
indeno<l,2.)-cdipyrcne
01 beni<a. h )An thracette
•eiotfl.h.Dpervlena
i-Mthyinapttalene

110 N|
100

410 N|
410 NJ

190
14 |N

90 JN
66 NJ

7» J

210 N)
160
71 NJ
160

91 JN
100

•0 J

920 N|
440
100 N)
500
17 J

110 NJ
140 Nj
41 N|
ISO
16 JN

90O NJ
2*0
« N|
2BO

130 N|
200
•4 NJ
100

-...- . Mat detected
1 - fitlMled conceniiallon
N - Cowound Identlllcailon not
• - Latootaiory data not uiable



TABLE B-1J
ABROMHEAO - MELDWO*K DESICM INVESTIGATION

SEDIMENT (STEP I)
LOW DETECTION LIMIT PAHS

SAMPLE LOCATION:
CRL SAMPLE NUMBER:
SAS NUMBER:
lABORATOtY:
DATE SAMPLED:
DILUTION FACTOR

lug/kg dry weight!

SM7-14-01
B&HVOIS14
mo-Ell
HI TTMAN
10/17/17
I

50*7-14-01
•BHVOIS19
1DO-E11
HI TTMAN
10/37/17

SD67- 14-02
8«HVOIS2S
1110-E31 DL
HI TTMAN
10/17/17
10

SD*7-15-01
UHVOIS21
3110-E10
HI TTMAN
10/37/67

SOB7-IS-03
MHVQ1S1)
1110-El I
HI TTMAN
IO/27/C7

Mphthalene
l-«e thy I naphtha Iene
Acenapnlhylene
Acenaphthane 67 J

Fluorene
Phenanthrene
Anthracene
Fltioranthene

no
1400
150
1100 940

«9 I

160

« J
•50
350
6)0

pyrene
Ben»(B)Anlhrcene
chrysene
•en»<b>Fluoranthene

1500 J
660
BIO
1000

9BO J
160
490
650

110 J
49 )
61 J
94 J

BIO J
490
600
690

Bento(a>pyrene * perrl«n*
indenolI,3.1-cdipyrene
Dlben)la.hIAnthracene
teiofg.n.iiperylene
t-Mthvlnapthaltne

TIO NJ
160
100
400

390 NJ
210

61 NJ 410 NJ
160
91 1
2*0

-...- . NOI detected
I - CftlMted concenidilon
N - Cotpound Identification not conlln
• - laboratory data not usable



TABLE B-24
ARROWHEAD - f l f lD WORK DESIGN INVESTIGATION

aOUNDWATEft (STEP II I
INQKGANIC DATA (UtflLTERED)

Page i of 4

SAMPLE LOCATION:
OIL SAMPLE NUMER:
SMO CASE NUMBER:
iTi NUMBER:
LABORATORY
DATE SAMPLED:
(ug/O

AlUMlmm
Antimony
Arienlc
6«f lUB

Beiyl 1 \um
catUlu*
calcium
ChroaliM

Cobi It
toppei
lion
lead

Mgnetiua
jui>9»n« »e
Mr cur v
Nicfcel

pouiiluM
seienliM
Sliver
SodliM

in* i MOB
vanadltw
Zinc

MW-OIA-04
•IHV01SI4
994]
«R V16
BMAt
05/Q3/M

11700
...
6.1 1

•9.4 J

...

6S900
26 1

13.7 |
66 7
itaoo i

3 1 1

11000
444 J

31 1 1

2220 1
... ft

S890

17. 1 )
41.9 |

MW-02A-04
••HV03SI1
9571
ME! 996
RMAL
OS/ 10/18

1310
...

200 |

...

tooooo
7.6 J

6 1 J
11 0
9670
I 4 B

moo
1160

...

1640 |
--- R

11904)

...
II 3 |
16.7 B

MW-02B-04
•IHV01S10
«7I
urn 113
RMAL
05/10/88

119000
...
65 J
408

2.* 1
T.I J

110000
U6 |

51.*
410

1 11000
19 0 B

7S700
1)90

110

7600
-•- R

12. 1 J
20100

...
116
169

MW-02B-04
11MV01D10
9971
MEW 314
8«AL
OS/ 10/11

121000
...
7 S )
419

19 |
6.9 |

249000
169 |

91 1
4 1 1

iioooa
14 >

a MOO
1900

172

7110
-•• 1
• 2 |

10000

...
249
141

m- QIC- 04
MHV03S41
9941
HER 991
RMAl
09/04/BI

46100
...

140 t

1.4 1
...

7»00
71. 1

14.0 1
III

47600
9 1

36)00
162

117

12BO I

9 9 |
14100

...
71.6

160

MW-02E-01
MHV01S04
9941
M<H 304
RMAL
05/09/U

3190 J
...

31.1 I

...

19900
149

26 6 B
4400

9 0 B

IO&OO
9i 7

10 1

lilO )

10*00

...
6.1 1

35 a B

*W-a2-04
aaHvoisi2
«7I
MEW na
RMAL
01/10/88

192 e
...
...

• 0 2 |

1 14000...

13*00
4 b 8

12JOO
I8JO

1570 |
-•• 8

19500

...

...
14 1 B

IWr-Bl-04
•aHV01012
9S7I
MEW 110
RMAL
OS/ 10/88

108 B
...

• 1 3 1

...

117000
...

11 BOO
61 B

12000
1940

...

1S60 |
••- R

19500

...
IB <> B

MW-01A-04
88HVOJS3S
9543
Mil 996
•MAL
OS/01/88

101000
-..

•9.4
4J4 J

31 J
...

171000
110

95 4
140

114000 ]
19.0

73100
3070 ]

194

7510
--- R

11. 1 |
16500

...
179
15 1

MW-01B-02
•BHV01S14
9942
*£« 94*
RMAl
05/01/11

3310
...
...

31 7 |

...

16500
111

...
« 3 J

19SO )

I14OO
61 1 |

• 2 |

1110 |
... R

7010

...
71 }
51 |

MW-03e-01
MHM1D24
9541
MR 148
•MAL
05/01/88

17U
...
...

29. S J

...

...
17400

«•• 1

...
10.7 J
1710 |
...

11800
69 7 1
•-'
...

1170 J
--- •

7180

...
6.7 J
7.« J

MW<01S-01
••W01S3 1
9542
MER 960
RJML
OS/03/88

16600
...
6 3 1
149 |

...
5 S

•6200
51 2

17 (
106

4SIOO |
9 1

31600
5670 |

49 7

4730 J
••• R
4 1 1

73100

...
66 9
67 0

-" - Not detected
1 - EttlMted concentration
B - Blank contamination
R - Laboratory data not usable



TAIlf B-24
ARROWHEAD - M EID WORK DESIOJ INVESTICATION

CXOueWATER (STIP II >
INOtGANIC MTA (IMILtEIED)

P»ge 3 ol t.

SAMPLE LOCATION:
OIL SAMPLE NUMBER:
SMO CASE UMBER
ITR MLMBER:
LABORATORY!
DATE SAMPLED:
(UO/tl

AluvlruM
Anil Many
AI senlc
BarluB

Beryl HIM
C*d*IU*
ClIClUM
chroBltM

cobalt
Copper
Iron
Lead

Mgneiiu*
Mnoanete
«ercury
Niche 1

PoiaitliM
selenliM
silver
Sodlui
Thai HUB
vinidlu*
Zinc

MH-0«A-04
UHVOJS21
9542
MER 911
RMAL
09/02/M

59*0
...
3 5 |
3" I

...

310000
37 a
66 1

11 4
14100 |

3 * 1

70000
O20 |

21 • J

2240 J
•-- R
...

10700

...
IS • |
34 .9

Mtr-ou-02
•6HV03S19
4542
<MR 936
RMAL
05/02/1*

2490
...
...
»• J

...
5.9

345000
11 6

...
11 4 (
4210 1
...

tiaoo
773 1

10 6 1

10600
--- R

69MM

...
10.2 J
9.4 J

MW-09A-01
MHV03S39
9543
Mfl 972
RMAL
OS/04/14

16700
...

IN J

...

1 1 1000
10 0

7 9 1
57 1

17600
4 7 |

15700
7 11

ia 9 i
2060 |

-•- R
* 0 J

46«00

40 1 |
39 9 B

MW-09B-03
•BHW3S33
954]
MER 474
RMAl
OS/01/**

•400
...

HI J

10 J

117000
ll 6

40 I B
6650

3 1 J

42900
1150

15 7 J

1110 J
••- R

31900

...
19 7 |

31.3 B

m- IDA -oi
RBHV03S3I
9541
MER 950
RMAL
09/01/RB

36100
...

10 0
3» I

...
6 2

1440OO
47 1

19.1 J
137

31400 J
9 I

MOOO
1520 |

52 5

1«50 1
--- R
'4 1

37100

...
75.2
75.9

m- 10B-03
••HV03S30
954]
MER 454
RMAL
05/03/M

1630
...
2 7 J
127 |

...
6.9

126000
14. 1

...
(2 1 |
4490 |
...

1 10000
4H |
, . ,

• 2 |

3050 J
--- R
...

10000

...
10 6 J
67 |

MNMIA-04
•RHV01S22
9542
MER 441
RMAL
OS/03/4*

101000
...

76.4
31* J

3.0 J

174000
106

44. S
170

112000 J
17

6iaoo
2140 |

145

6790
--• R
4 7 (

11300

263
253

MW-I2A-04
BBHV03S33
9542
MER 944
RMAL
QS/03/*a

12)00
...
61 J

70.4 J

...

31300
22 1

6 4 J
t» 0

11900 ]
1 4 J

ISSOO
331 |

31 2 J

1110 J
--- R
...

660O

...
2a 7 |
30 •

m- I1A-04
MHV03SI7
9942
MER 913
««Ul
OS/OJ/tB

I67DOO
...
II*
«19 (

5.3
«.•

117000
141

41 2
661

164000 ]
IB 6

1 1 3000
4140 |

343

9150
--- R

IS 9 J
30000

...
311
410

m- us-02
B6HV01S20
9542
MER 940
RMAL
OS/03/BB

2«B •
...

25.2 J

...

...
16200

1R.7

...

567 I
...

13000
45.1 J
...

20.4 |

49« t
--• R
...

6270

...

• .6 t

MW-13E-02
BBHV01S 1*
9S41
MER 934
RMAL
OS/02/1*

304 B
...
...
7.9 B

...

...
15400
20 9

...

341 B
...

11100
J4 7 |

_ __
11 3 1

•02 |
--- R
...

6740

...

...
2.U J

MM-14A-04
IBHV01S27
9943
MER470
RMAL
OS/03/**

12*00
...
...
155 J

...

96100
259

12 1 J
79.4

17900
* 4 J

43300
475
...
152

3250 )
--- R
* 3 J

13900

...
34 0 |
47 4 B

-" - NOI detected
i - EltlMUd concentration
B • Blank contamination
R - Laboratory data not uiaole



TABLE 6-14
ARROWHEAD • FIELD WORK DESIGN INVESTIGATION

GtOLMNHTEl (STEP II)
INORGANIC DATA (Lttf ILTEREO)

Page 2 of 4.

SAMPLE LOCATION:
CRL SAMPLE NUKBER:
SMO CASE NUMBER
ITR NUMBER:
LABORATORV:
DATE SAMPLED:

AlMlrw.
AnilMny
Arsenic
•atlUH

Beryl MUM
CaMluti
Calcium
CnroMlua

Cob*M
copper
icon
lead

MuneiiuB
«an<Miiefe
«e(f ury
Mckel

POUIfiU*
seleniu*
Silver
Sodliw

vanadium
Zinc

M»-04b-04
MHVOJS 1 1
9971
MEW 116
RMAL
OS/10/iI

1170
...

44.9 |

...

92600
71,0 1

...
t a 1

1620
11. • B

36200
214

99 1

1740 I
-•- R
...

11200

...

IB. 2 B

MW-05A-04
BBHV03SO*
9971
MEW 310
RMAl
OS/ 10/11

2540

94.1 J

...

104000
...

30 1 J
1100
11 1 B

19100
310

1690 |
-•- R

1440

11 6 B

MW-09B-03
**HVOiso«
9971
MEW 10B
RMAL
OS/ 10/**

1*900
...
9 9 |
119 I

13 1

171000
56.1 j

30 6 1
437

94400
49 0

70900
944

12 0

4710 J
--- R
42 J

11600

109
147

MW-09C-03
B*HMUSOI
9942
MEW 300
RMAL
09/09/1*

1790 J

...
39.0 |

,..
...

3*100
...

V - -

11.7 B
199O
4.0 B

IT 100
129

...

1010 J
--- R
...

14300

...

It.* B

MW-05E-02
••HV01S02
9942
MEW 102
RMAl
OS/01/*!

1090 1

...
21 5 |

...

27*00
116

12 0 6
1340 1
• 4 B

15600
79 9

t>4 b

toao i
-•• II

17900

...

2O 3 B

MW-06A-04
IBHV01S19
9942
MER 92B
RMAL
OS/OJ/M

79500
...

17 6
1*1 J

2.4 (
9.1

161000
93 1

4 7 . 2 J
1*4

93600 1
10 0

61000
1790 1

lit

66tO
--- R
• -1 J

14600

191
194

MW-QtC-04
BBHV03SU
9*43
MER 930
RMAL
OS/Ol/lt

...

...

91 7 J

44900
...

...
10 4 |

14300
16 1 |

911 I
-•• R
...

9310

...

1 6 J

MW-07A-04
•6HV01S36
9943
MER 9*4
RMAL
OS/04/**

11700

19 J
119

114000
66 9

11 6 1
12*

36100
9 1

36200
7410

32 1

1*90 |
--- R
4 2 |

12600

33 0
31.7 B

MW-07A-04
•BHVQIOX
9943
MER 9*6
RMAL
OS/04/**

101000
...
4.6 J
9*7

3.3 J
9.B

314000
134

96 7
SO*

121000
IB. 6

•BMO
7990
...
196

7030
--- II

11.3
51100

2M
24*

MW-07B-03
UHVOlSOl
9943
MfR 990
RMAL
09/OS/B*

1*200
...

1*4 ]

1.9 1
9.9

111000
91.1

19 2 J
111

13300
6. 1 B

41100
931

7* 9

1710 1
--- R
4 9 |

1*700

71. 1
71.7

MW>07C-03
•BW03S37
9542
MfR 994
RMAL
03/04 /B*

60.* B

...
11 1 (

...

19900
...

...

319 1
...

19100
51.1

•
...

1160 ]
--- R
...

11600

...

7.3 •

MW-7S-02
BBHV03S19
9943
MER «B3
RMAl
OS/04/**

19100
...
J.S 1
419

19 J

113000
113

32,0 |
371

49700
IO. 1

51*00
2030
...

73 .1

1260 J
--- R
B.9 J

11700

•3.1
93. •

-" • HOI detected
I - EillMied Concentoilon
B - Blank contMliutlon
R • Laboratory dau not usable



UBLf B-25
ARROWHEAD - FIELD WORK DfSICN INVESTIGATION

CIOUXMUTER (STEP II)
INORGANIC DATA (FILTERED)

Page I ot 4.

SAMPLE LOCATION:
OIL SAMPLE NUUER:
SMO CASE NUMBER:
ITR NUMBER:
LABORATORY
DATE SAMPLED:
own

Alualnua
Ant loony
Ar (enle
BarliM

Beryl HIM
cadaluM
CJlCluM
ChroMlu*

COM It
Copper
iron
lead

nagneitu*
Manganeie
meicaiy
Nickel

POUltlUM
Selenlu*
Sllve*
Sodltw
ilulHu*
vanadlua
Zinc

cvanlde

MW-01A-04
MHV03S5 1
9542
MER 927
RMAL
OS/02/ H

SB 6 B
...

50.7 1

...

90000
...

<n o a

14400

...

tot, i

9900

...

...
31.1 B

...

MW-02A-04
••HVOJSJJ
997 1
MER 997
RMAL
03/IO/ai

44 .4 B
...

"I |

...

96100
...

...

7160
4 1 B

31700
11 10

1550 |

19900

...

...
96.4 R

...

M*- 028 -04
a«HV03S29
9971
MEW 111
RMAL
OS/ 10/11

16 S B

...

27200
...

...

70 4 B

11100
11 1

967 |

7360

...

...
14.9 B

...

MW-01B-04
IAHV03S10
«7I
MEW 119
RMAl
oa/io/ia

666 B

14 7 B

21400

S76

12600
49 I

904 |

70SO

...
J6.1 •

MW-03C-04
8SHVOJS7I
9942
MER 999
•MAL
os/04 /at

...

...
37.4 B

...

...
30100
...

...
6.1 B
...
...

11400
46 9

...

961 I

...
6SOO

...

...
• .1 B

...

MW-01E-02
••HV01S19
9541
MEW 309
•MAL
05/OS/M

...

63.9 B

...

12100
...

...
ii. o a
4 0 B

9140
12 .1 \

1120 |

•790

...

...
10.0 B

...

MW-B3-04
MHV03S11
9971
ME* 314
RMAL
09/10/11

37 S B

io9 a

94400

12900
1 4 B

29000
1710

1300 i

16300

...

...
19 i a
...

MW-B2-04
*BHV03S12
9971
MEW 121
•MAL
OS/IO/M

...

99. 1 B

...

...
91900
...

...

12600
...

ia?oo
1710

...

1310 1

iaaoo
...
...

13. a B
...

MW-03A-04
MHVOJS»4
9942
MER 997
•MAL
os/03/aa

95.2 ft
...

39 7 ]

...

31900
...

...
a 9 i

69 0 R
...

19400
141

...

1290 |

17300

...

...
11. 5 B

...

MW-03B-02
••HW1SI2
9542
MER 947
•MAL
os/03/aa

74.4 e
...
...

16 7 1

...

34600
...

...

79. 1 B

IJ»00
21.2

- - -

•44 J

7640

...

...
11.3 B

...

MW.Q1B-02
1*HVQ]S*1
9S42
MH 949
RMAL
09/oi/aa

•0.3 B
...
...

17.3 |

...

24100
...

...

147 B
7.1 1

12*00
26 S
...
...

•79 |
...
...

B060

...

...
27.9 B

...

MW-03S-02
MMV01S6S
9941
MER 961
RMAL
os/oi/aa

1740
...

3oa

7.1
77600
...

119 (
24 2 J

17)00
10 1

16100
9120

1620 |

70000

...
• .5 1
121

...

•" - Mtt Octet led
j - EitlMted concentration
• • Blank coniaMlnailon
• - Laboratoiy data not usable



TABLE B-34
ARROWHEAD • HELD WORK DESICM INVESTIGATION

GROLMMATER (STEP II)
INORGANIC DATA (LMHLTERED)

Page 4 of 4.

SAMPLE LOCATION:
CRL SAMPLE NUMBER:
SMO CASE NUMBER
ITR NUMBER:
LABORATORY:
DATE SAMPLED:
(Ufl/l)

A.U..OU.
Arienlc
Bar turn

BervUlu*
cadaluB
aiclu«
chro»iu*

cobalt
copper
iron
lead
MWW-fiuB
MantMne s«
Mercury
MClktl

PotattiuB
SeienliM
Silver
SodtUB

Thai HUB
vtnaaiiM
Zinc

«•- I4C-OJ
•BHV01S3B
9942
*ER «*•
HMAL
09/04/aa

1110 J

2~4 J
44 7 |

...

17300
• 1 1

...
11.5 B
1510 J
ia i

17*00
327

...

1660 |
--- R
...

19100

...

11.0 B

MW-I4C-01
•BHV01S14
4942
HER 966
IMAL
09/04 /a*

733 J

14 J
24 0 J

...

la 500
...

...
11 3 a
1010 |
14 J

14400
14 9

1230 1
--- R

12300

...

...
II. 1 B

MW-I4S-03
MHV01S26
9942
MER 964
RMAL
05/01/ia

77*0

3 2 |
0* 1

...

76ODO
26 3

7.6 J
93 9

12400 J
3 2 1

11700
749 |

» • 1
isao i

• •- R

15500

...
61.4
30.3

MW- I9A-01
•IHV03S41
9942
«ER «•
RMAL
09/04/aa

7540 J

1 i J
196 J

10 J
• 1

S010OO
11 5

7 4 J
•4.4

19000
...

179000
1440
...

23 1 |

29*0 i
--• R
9 4 |

17100

...
12.3 |
IB. 9 B

m- 19B-02
IBHV01S41
9543
MER 992
RMAL
05/04 /••

41 1 •

...
93.2 |

69OOO

...
a 7 B

97 6 |

llbOO
73 0

•t 3 |

1390 t
••• R

14400

II. • B

MM- I6S-01
BBHW3S24
9942
MER 992
RMAL
os/oi/aa

4 10000

109
969 |

4. •
19 1

607000
1110

106
1270

164000 J
30 7

179000
7610 ]

0 3
1010

14300
- - - R

31 9 |
47000

...
964
731

MW- I7B-02
MHV01S40
9942
MER 4BO
RMAL
09/04/M

17«0 J

...
ia.o j
...

17900
12.1

...
21 2 B
4370

15 J

17100
111
...

ii a j

1410 ]
--- R
...

a490 a
...

10.9 J
11.0 B

MW-17E-01
MHV01S32
9543
NCR 961
RMAL
09/oi/at

in a

• 6 3 |

...

• 1700
101

140 )

Id SO )
II 1 |

il •

11400
-- - R

40600

66 |
4 3 |

HELD BlAMl
BtHVOMO]
9542
MEI 99B
RMAL
09/oi/aa

B6.3 |

...
2.0 J

...

...
494 J
...

...

...
71 4 |
...

...

...

...

41.9 B
--- I
...
...

...

...

...

FIELD BLANK
BBW01IO)
4941
MfR 476
RMAL
OS/04/M

67.5 1

...

...

...

...
567 B
...

...
7.2 B
...
...

124 |
...

...

40.9 1
--- R

2IBO |

...

...
5.0 B

HELD BLANK flELD BLAN
HHM3ROI BBHVOMI2
9543 4971
«EV 10* MEM 121
RMAL RMAL
os/os/it 05/io/aa

44 3 | 10,4

...

...

...

... ...
141 B 642
...

... ...

... ...

... ...
9 6 37

116 | 135
... ...
... ...
...

59 9 J 129
... R
... ...
...

... ...

... ...

5.6 B II. 1

(

1

J

B

1

B
R

a

•* - NOi detected
I • Estimated concermation
B - Blank Coniailnailon
R - Labotaiorv data not usable



1AI.IE •-«
AMONHfAO - FIIIDMM DtSICN INVESMCATION

OIOLMMA1EI <SIIP III
UW 01 If CII ON LIMIT PAH

PiQC 1 Ol 4,

SA*»LE LOCAIION: MV-ois-02
OIL SAMPLE NUMEl: MHW1N06
SAS MJMEI: 17*4<E33
LAlOtAlOlv: DAIAC
DA if SAMPLED: 09/03/66

ing/l i

Mphllulcne

perylenc
AceiuphthciM
flwarciM
PtMMIItkf CM

AnthracwM
HiMxantlwm
PvrwM
•tnio(t) ARMiactM

CHry MM
twiiotk) flMfaaiMM
•cn»(a) Pyt*M » PcivlcM

Dtfc«(uoU.k> Mtkrac«M
•Miolf.k.ll ftryl*M

MW-O1S-0]
• •KW1JK07
17t4-E31
CUIAC
OJ/01/M

16

IW-B4b-04 MM-01A-04
i«tf«iisii atHVOisoi
1714-EIOODL 17I4-E71
DAIAC OAIAC
OS/ 10/61 09/10/6*

10 • 30

--- • 1
110 J 69

16 |
44 |

—— 1 4

—— • 1
... I ]
... I

... |

... |

... |

... |

MHV01S04
1714-179
DAIAC
OS/ 10/M

*•
*•
...
190

2

9

:::

:::

in

•IHVOlSlfc
J764-E7*
OAIAC
09/10/6*

46
JJ
...

•1

1

I
4

:::

:::

M-09D-03
MHV01S 17
17M-E79
DAIAC
09/ 10/61

»•
4 1
...

91

4

1

:::

".

Mt-OlC-01

17*4 -E60
OAIAC
09/09/66

36
13
...
100

1
1

1
1

:::

...

m-ott-02

1764-E64
DAIAC
09/09/1*

4
4

...
14

1

2
1

"-

:::

AM-09E-03
66HM1003
17*4- (67
DAIAC
09/09/6*

9
4

17

4

4
4

"-

"'.

MV- 071-01
66HM1S01
17I4-E*«
DAIAC
09/09/61

1

7

1

•M-07C-01

1714-til
OAIAC
OS/04 /••

0.6

...

Nat 4«i*cud
I • ltilMl<4 concaMtrailon
• • LMoiauiy d«u not usable

DL • DlluMd



IAIK »-Jt
• HUDWMK DC9KN IWf9IIGAIION
CtOMMAlfH (STEP III

LOW MIECIION tIMII PAH

P*«« I Ol t.

SAMPLE LOCAIION: «w-03A-04
CM, SAMPLE MLJWII: ItHVOJSIl

lAtouTOtv: MIAC
MIE SAMPtED: 09/IO/M

ma/ ii
N»Mllul*n* »0
3-«cihylMpnilulene it

l-*elAyln*pAllUI«ne 970

AceniphlMne

FMMAIIWtM

MthrtcttM

FyrtM » t
•«l»Ctl AfllftUCMM

CUt VMM

MHMU> h"M* * MiyltM

Olb4«UO<t.ht AMllHMWM
•Mnif.h.lt NrylMM

MV-03A-04
MHVOlStl
17t4-f««U
MIAC
OS/ 10/11

IH
33
...
110

...

...

——

•N-oia-04
IIHV01SIO
17M-ftl

05/ 10/11

...

...

...

:;:
...
...

...

MV-01B-04
MHVOlStl
17*4-1(4
MIAC
OS/ IO/M

"•

:::
...
...
...
...
...

17I4-EI9
MTAC
OS/ IO/M

*

10

:::

i
...

:::

MV-03C-04
MW01S41
1714 -E 99
0*1 AC
09/04/tt

2

...

1

...

'.'.'.

Mil- DIE -03 UN- 13 -04
MHvois04 tameisu
17*4-171 17*4- fMOl
MIAC MIAC
OS/01/** 09/IO/M

41 110
• 1

--- I l»
It • J»

... ft
3 B

1 | 13

1 |
... t

1 I
... ft

... |
—— •

... |

... ft

«W-I1-04
MHWIOII

MTAC
as/ ia/tt

1 no
I 11
1 110
1 170

J4>

...

——

MV-OlA-04

17*4 -fit
MTAC
09/01/M

1
1
1
1

1

...

"•"

Wi-01A-04

•9/01/M

...

...

...

iM-o»-oa
••MM1S11
)7*4-fll
MTAC
09/01/M

It

...

...

—• - mi
* - »!M* CMtulMtlon
I • (UlHlt4 coKcnliillon
• - Lttofatoty «tr» not uuble

H • OlluMd



»iqtin iMI tlfp Ai«ttioq*l • •
IM|t*J1MXM» p»|H||t] • I

UO|IW|«tU03 «>*!• - •

lit 0 > to M*Mu»oieiii:>*im

CM o I wo

ttl-»i£[ nt-rttt ntarn s»s
COKOAHft 4*S(OAHII IIMTW ild*VS 1»

*4V1I 11« 1NV1I 111

liwtl

i rfiisi
i roitio



lABLt B-27

AKROMIUD • HfLOWORK OISICM

GtOUMMAIER IS IIP II)

LOW DtlKTION LI*II VOCt

Mge 1 ol 4

SAMPLE i OCA II CM:
«i SAMPLE NUMBER:
SAS NUMEI

UatHATOKV

DA IE SAMPLED:

lug/l I

m- 141-01

••HVO 1014

J7*4-U«

s-cuaio
os/04/M

•W- MS-02

••HV01S26

J7I4-IJ*

S-CUKD
os/oi/ia

M-I4S-O2

a«HVOH04
17 14 -E 10

S-CUBfO

09/01/tl

urn- MS-02
iit*BJ*OJ

)7»4 - E 1 1

S-CLB.EO

Oi/OJ/M

M»- I9A-01

••HVO1S4I

1714- M7

S-CLBID

05/04/11

MM- IU-01
•IHVOJS42

17a4-E49

S- CUBED

OS/04/M

M>- IbS-OJ

•MIV01S44

17I4-E14

S-CUIED

OS/01/II

•M- I6S-OI

MHV01044

17(4-t»

s-cuto
oi/oi/ia

Ml- 178-03

••HVO1S4O

17*4- E42

S- CUB ID

01/04/11

MW-I7E-01

••MV01S4I

)7«4-tlt

s-cteto
os/oi/ai

FIELD ILAMt

•IMMM02

1744-H7

S- OMtO

os/oi/ta

f 1 ELD BLAM

aamoMOi
17t4-E14

S-CLBED
09/04/M

MELD BLANt

UHVOMOI

17*4-ftt

S-CUtiD
os/os/ta

(KID BLAM

•aHV01!02

17t4-[«t>

S-CUBID

Ol/ 10/1*

vinyl Chloi Ide

O(bon tetochlorfde

lilchloiocllMna

•cntCM

0 54S 0 026 0 04J J "•

o 021 • -•• o ii* • --- --- o 2*4 t one o oil a o in • a* * i* i 14 s 21 i

0011 i ooi i o 121

0 0 1 2 1 0 1 4 4 1 0 1 3 7 O 111 t O D I 1 B O 017 • O O I 1 « 0 DO* • 0 Oli 1 • O i l * 0 t l J B . 0 « l | O O 1 1 I D i l l ]

• .01* I

0 OM I ami • 0 DM • 0 0« t -•• t 0 US • 0 OH t 0 IOI • O.IIl • t.07» • 0 «• I 0111 I 0.14 J 0 117

I - ifllMt
• - L*boi»loiy d*U not uubic



IABLE B-J7

- f l tLMGftK DESICN INmi
OtOLMNMIE* ISIil" I I )

10* Ot ltd ION 11*11 VOCI

page 2 oi

SAMHE LOCAIION:
Oil SAflPLI NUtttl:

SAS NLMU:
LABOtAlORV:

DATE UWUD:

lug/I)

vinyl Chlodoc

Chloioloi*

i.i-Dlcnioioeih*nc

CiiBon leiucbloilde

•cm enc

H . . i h

•W-OM-B4 N*-0»-0) «WT-0»-O1 MH-OSB-02 *W-OiC-OJ IW-OSt-01 MN-O3E-02 <Nt-Di(-02 OW-OIB-O) M*-07C-0) MI-07S-02 «*- KA-04 M»- I4B-O4 M-UC-OJ

•tHMlSO* ••HV01SO* ItKWOlSlk WHVO1SI7 MHVOJS01 •IHV01S02 MHMDS06 •IHV01S07 •IHV01S01 ••HW1SJ7 (atMDSlS BIHV01S27 ••MV01S1I MHVO1S14

17*4-171 J7I4-I74 1714 -f7t J7I4-177 17*4- (59 17|4-ttl 1714- (61 J7M-IM 17«4-I6I 1714- ISO 17«-f4» 1714 -til )7»4-(17 17«4-H7

S-CL*ID S-CUMD S-CLBtD S-CUtlD S-CL«fD S-CLAED S-CL8ID S-CL*fD S-CL«tO S-CLttO S-CLVEO S-Cl«(D S-OAID S-Ct*(t>

OS/ 10/M OS/ 10/11 OS/ 10/lt OI/ 10/M «i/0i/l« OS/01/M OS/OS/II 01/OS/M OS/OS/M OS/04/M OS/04/M 01/01/H 0S/D4/M 09/04/M

270 1 17 4 It 4.i« 0 191 ••• •-• ••• 0 004 I ••• ••• O.MS

0 014 • 0 015 • --- 0.121 • 0 02* • 0 041 B O 01* • O.Olt • ••• -•• ••• O MS

0 017 | 0 012 t '•• ••- --- •-- ••' -" 12

o 04 ••• --- •-- •-- •-• --- •-- a on

B • BUnt. CMUBlntllon
I -• f i i lMMd concenitiilon
• • LBbotAiory 4*1* not uufeit



»|q«n imi <I*p Atoicioqtl • I
UO| I tllUSJOOS p«|M||t) - I

M1M1W IflN

*o o ra o t*o o

« co o • ice o • no o

( cio o tto o (to o

CM 0 »ll 0

• 1900 f no o

Mi 0 t til 0

• EM'0 fl til '0 • CM 0 --• -•- • CIO 0 I HC 0 fl »/l 0 t «0 0 t WO 0 fl C£0'0 • COl 0
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UBti B-26
AIROMMAO • flEIDNORK (KSICM INV15IIGAI ION

dOLMMIATfl (SKP II )
(MGANIC (MlA

SAJWII t OCA I ION:
CIL SAMHI NUMER:
s*o CASI wm«t:
Oil MJMtl:
lAlMAHHV:
OAII SAWLtD

Mt-ltS-OI
MHV03S29
9541
(W 11*
S-CLSEO
OS/01/tt

•W- 17B-OJ
••HVOJS40
4341
IK 532
S-04ED
01/04/iI

•V- I7E-O1
•IHV01S12
9542
EW 521
S-O«fO
0»/03/M

flELD BLAM<
••IM13I02
9541
f* 119
S-CLBIO
OJ/OJ/M

MELD BLAMl
••HV03R03
9542
EN 530
S-CLBID
05/04/d

HtlO SI AMI
MHVOM01
9S42
EK 546
s-cteiD
05/05/M

flllD B1AM(
MHV04N 12
9S7I
(* iii
Pfl
OS/ tO/ll

VOLAI ILfS OKCAMICi

Acetone
Sen lent
i-iuianont
ChloioloiB

in U I xvlcnci
toluene
if «nt- i.2-Dlchloto«tiMM
vinyl cnlorlde
i i oichloioeiheiie
fi ichlofoetlMtw
Miliylenc Cnlotiik

a i

SlttlVOlAllll CMCANICS

4-Wllir llMIL-IHll
BCIIIUK AC id
3 - *e illy I rupli llu I eiw
Bit iJ- f invi
I 4-OiMitivlpftenol

Dl-ii-lwiyloltilwUic

Mil
I
( • (HlMie* conctntitilon

Wt - NOI MMIV1I4
• - L«Miii«tir 4«u not

U • OlluiM



lABLt B-1ft P««« 4 Ol ».
DESICN INVESIIGATION

ul<XM*m« (StfP li)
OICANIC DAIA

SAMPLE i oc* li ON:
€•1 SAtflf NUUEl:
SM> CASE MJMEN:
OT* NUMOt*.:
lAUttAHXv:
DATE SAMPLED:
lug/11

*»• llA-04
UW01SI7
«41
Ew 906
s-cteio
03/01/M

•••iie-oi
ifjtwoisio
• 341
EW 111
S-CLBfD
03/01/M

MW- IK -01
•tiivoi&u
9)4]
EW 307
S-CLBED
O9/01/M

IMF- 111-01
• •MV01OII
•34]
IW »Q«
S-OJlED
03/01/M

IMT- I4A-04
MHVOl&lr
««1
(W 136
s-cnto
01/01/11

MI-I4A-04
•IHV01D17
4941
I* 917
S-CLSfD
01/03/11

M»- I4B-O4
• •MV01S1I
9941
EW 113
S-CUfD
09/04/1*

urn- MC-OJ
MHV01S14
9S42
EW 311
S-C14ID
01/04 /••

m- i4C-oi
MMMW14
•941
EW 914
S-OAfD
03/04 /M

m- I4S-0]
ttHH«3»t
•941
EW 923
S-CUED
ei/ai/M

m- I9A-01
••HV01S4 1
«941
EW 91*
S-CLCEO
09/04/11

**- ISO-01
HWQ1S4)
*34l
EW 9M
i-a*»D
09/M/O*

VMAIHES OICANICS

Acetone
tentene
l-UUnone
CltlOIOIOfB
i.I-DlchloroeiMne

Total xylenei
toluene
rr»ni- 1 1-DlcnloiueiiKiH;
vinyl cnioilOe
\. i DIcnloiuetiKiM
Ii Ichlotoctitene
*einrl«ne cniodue

SI*IVOt.Alll[

• IMl-llhylheayl iMl
1.4-OlMinviphenoi
l-

01-n-lulvlpniluUic

..- . MI dciccicd
0 • tl»i* contaMiuilon
| - EdIMlcd concenlfiilon

Mt • NO! 4IUIr/ed
• - lAMiaioty 4tt* not uubie

U • DlluiCO



IABU B-I6 P*0C 1 01 9
ARBOMHtAD • flELDMMK MS I CM INVtSMCAllON

dOUOUTfR (SUP II)
ORGANIC DATA

SAM>lf IQCAllON: MI-07A-04 MN-07B-01 MM-07C-01 M-07S-QI *W-BA-04 JW-OM-02 IM-04A-O1 HM-09B-01 M-IOA-V1 ••• IM-01 M*-IIA-04 MI-I1A-04
OIL SAMPLE MMM: ••WOMU6 BBHV03SO1 ••HVOJS17 •IHV01S1S MHM1S1I ••MVOJS19 MHVO)S)9 ••tWOlSl) ••HMJS1I ••W01SM •1HVO1S21 ••HVtlSIl
S«0 CASE NUMER: •)«] 114] «)4] *i42 9941 «41 9541 9542 H4l «41 H41 *943
Olt NLM1R: f* S» (" 3)7 [« JJ9 fW 111 E* 110 (• 104 f* 52* E* 929 EW 911 (« 517 (• 111 tm 911
L*10I*T«¥ 9-OAEO S-CiatO S-CLBfD S-CCBED S-CUtlO S-CIAED S-CLtEO S-CKfU S-OAED S-CUBtO S-CLOEO S-CUEO
OAK SAWIED OS/04/M 09/05/M 09/04/M OJ/D4/M 09/01/11 Oft/OI/W 09/04/BI 09/01/11 09/01/W OS/01/IB OS/01/M 01/01/II
tug/It

VMAlllES OACANICS

Acetone 2700
Benzene JIOO
1-Buunww -•• •
Oiloioloia
i }-Dlchlt»o«iiunc •••
EI n» I txnicnc *»0
101*1 HVlCIMI kOOO
lOIUCiM 9100
tun i i i-Dicnioio«inene
vinyl CDIoilM
i t Dictiloioeiheiw •-•
ii iihioiueihent; ---
twllDlcntf ChlullOC 19 |

J-wlli) llllirlHil
HL-II/UIC ACttl
J-w:lll)liMptlllU IciK
t t i> i j-lllDllteiyl »Phllul*le

-•" • NDI
• • 11*1*
I • EtilMiBd concmiflllon

KM • Not •lulyitd
• • tuwmoir dii« not uuble

w. •



MBLE B-it Paoe l o< 9
ARROWHEAD - HfLDWORK DtSKM INVtSTIO I ION

OtOLNDWATER (STEP II)
ORCANIC 0*1 A

Unfit LOCATION: MN-O»-OI M»-B4D-O4 MI-B«t>-04 **-09A-04 HW-OiA-04 *»-Oie-Oi «H-OiC-01 MW-lE-01 MW-OM-04 Mr-OK-04 JW-07A-04 4MV-07A-O4
CRl SAMPLE NUMBM: «HVOJSJI *BHV01SII MtWOlDII BBHVOlSOa Ml WO ISO* MHVOJSO* RBW01S01 MMWJWJ BBHM1SI9 BBtWOISM MHV01S16 BBW01SM
S*O CASE NUHtEB: *94] 4171 4171 «71 4171 4971 4941 *H1 414} 4S41 4941 4941
Oil MUM»: f« 910 t» 991 ERT »91 EV 94« EW illOl EW 947 EW 94} (W 944 IW 904 EW 90S EW 914 EW 9141E
LABOIATOtV: S-C14EO RE I PEI PEI Pfl PEI S-CL«EO S-CUtfU S-U4(0 S-CLBID S-CUteO S-CLBfD
0*1E SAMPLfO: 09/01/BB Ol/10/t* O*/ 10/BB 3/IO/II OS/Ift/M OS/ lO/BI Oi/OS/»» 09/09/BI 05/03/BI 01/01/11 05/04/11 OS/04/BI

VOi*TILES OBCANICS:

Acetone - - - • • • - - - - - - • • • 'B - - - - - - • • • - - - 4100
Beniem - • - - - - - - • • - - - - - - - - • - - - - - - - - - - - J700
l-BUUMMK --- ••• R --• B --- (t ••• I --- « --- --- R -•- -•- --- R

B40
1.1-DUhloioetMne
E thy IB-enieoc
total xylenci
toluene
li»n»- i.l-Olchloioeinene
vinyl CnlodBe
i i oichloiMlltene
idchloro«llMne

Chloride

1,000
4«W

1000
610

SlolVMAIIlE ORCANICS

4-w-iiirl4M>enol
iKnioic Add
1 - me IDv 1 Mitft llu 1 ene
Bi f < 1- EllivlheKvl ictitiuiaic
i 4-oiMifiyi phenol
l-MiHyl phenol
*aiM tlu 1 MM
Di-n-iutrlpltihaUie

ID --- KM - - - N*
. . ... MA --- NA - - •

fOA ... M,

}l| NA -- - Ml
NA -- M
NA --- NA

... ... *u - - - NA
SB NA 7B NA IB

10 J
91 J

... ... ... Ifc J

... ... ... - - - B
10 |
I] ,

1*0 |
... t

iJ
S)
11...
1 1
11

110...

-" • NOI detected
• - Blank CMiiMtnailui)
I • ftllMKd concentfauuu

M - NDI *Mlrt«4)
I • LMo(BI«iy •«!* nol uMb

U • OlltllM



I ABU B-lb
• flELMORK DESIO4 INVESTIGATION
OtOMMATER (StEP III

ORGANIC DATA

PI«* I 01 9.

SAMPLE LOCATION.
Oil SAHPli NLMBER:
SM> USE NUtffft :
mi NUMBER:
UWXATORV:
OATf SAMPLED:
(ufl/U

Mf'OU-04
(•HVOJ1M
»41
E* »J
S-CtBtO
OS/01/M

MV-D2A-04
MHMtlSIl
9171
(W S4Q
Pfl
09/10/11

Mf-OIB-04
••NV01SIO
•171
E* »«9
PEl
«/ 10/11

JW-03B-O4
••HV01OIO
»71
EM 140
PEl
»/iom

MM-OIB-04
••MM) ID 10
9S7I
Ew ii*
PEl
OS/ I0/«l

MK-02C-04
HHV01S4}
9142
EW HIS-O*EU
01/04/««

MV-2C-04
BBt«01O41
994)
EW 94]
s-cmfo
09/04/tl

M-Olt-03
BIHV01S04
9S41
t* 94 S
S-CLBED
05/O5/»»

W-01-04
BIHV01SI1
•in
IV SS1
Ml
01/tO/BB

MM-B2-04
BBHVOIOII
9J7I '
EW 994
PEl
OS/ 10/M

«MT-O1A-04
••HW01S29
9141
tm lit
S-CUEO
OS/01/11

••- o» -oa
BBM«>Sa4
•94]
(V 914
S-OAEO
01/ll/U

VOLAIILfS ORGAN!CS

AC elone
lenten«
i-Buunooe

6 B
1 J

-• R

fIhylbeniene
IOUI KylCiMI
loluene
l(*nl I 2-OKHIO
vtnyl Ciilodite

li ictiluiueineiic

7 I
« 1

--' • NDI fleucied
B • Bin* conualrutlon
I • (mailed conccniiiilMi

NA • wi tntlvied
R • HDOIlt«(f «*U Ml UMble

M - Dilute*



IABU B-3S
• MUD WOM Of SIGN IMrf SIIGAlIGN

OmiMMATfl IStEP II)
INGB.GANIC 0*1* (fllltlfO)

4 01 4,

SA«PK LOCATION:
Oil SAMHI MJUtR:
S4tO CASt NLMBM;
ITR MMBtR:
LABORATORY
OATI SA4PLEO
lug/ i )

Alu*lntM
AiUlnnr
ArtenU
•ItlUM

C*lclu>
CIMOnluB

Copper
uon
LC*d

MoneiitM
Mngtue le
*Cf CUIt
Nickel

POUfllttM
SelenltM
Silver
Sodliw

TIUIIIlM
VIMdllM
Zinc

Cyanide

4M- 141-04
••HV01S74
9143
AIER 94«
•ML
01/04/M

...

---
71 9 •

14IOO

IB * •

...

14)400
171

1930 |

I170O

...

...
10.4 •

...

Ml- I4C-OJ
• U1V01S69
9941
«R 967
•MAL
01/04/1*

41 4 •

17000

• IB

llbOO
41 1

1010 t

11 100

...

...
i i3 a
...

Ml- US -03
••HV01S60
9141
Mil 969
• Ml
OS/01/**

...

99 1 1

fctlOO

7 1 1
1)0 •
t « 1

14*00
110

1700 |

ISOOO

7 1 1
11 1 •

...

Ml- I1A-01
••IM01S77
•941
MB 919
• ML
OS/04/1*

tO 9 •

•t.O •

49MOO
...

11. » t
IIM
It 1 |

171000
11*0

- - -

10*0 |

IB400

...

...
34 3 B

...

Ml 11B-01
••IIVO1S7*
9143
*(• 491
RMl
OS/04/**

I11O

IS 4 t

79100
IS t

10 4 a
Ib40

11100
111
• 1 1

1940 )

I10OO

a i •
...

Ml- 16S -O2
IlilVOlStl
9141
Mil 911
•ML
OS/OJ/**

• 4 7 *

94 7 |

b4IOO

10 4 J
100 •

17000
Ifel

J9 1 (

MI 1

10400

10 0 B

Ml- 17»- 03
••HVO1S74
•141
*t* 911
RML
05/04 /*»

17 i a

3 * i
14 4 a

31300
...

ii j a
2 i a

11100
49 *

91* |

• 110

1O 4 B

...

**-17£-O2 (KIO BLANK H ELD BLANK HILD BLANK HflD BLANK
••HVOISM IMWOISI* •wwaista MHVOISM MWOISM
9143 9141 W41 »41 «17t
UR 961 Ml 9S» lift 977 mtm )07 MEW 111
RML RML RML RML RML
OS/01/** OS/OJ/U 01/04/11 OS/09/M 01/107*1

IO1 | 47 3 | 49 * ) l«l J
... ... ... -., ...
... „, ... ... ...

*• 1 | --• 11.0 | 19 1 | 19 1 J

74*00 970 | 901 J 41* B *7* )
...

II 1 B --• It • 6 1 B
•10| --• ••• 10*

7 * ,

1010 1 -•- 171 • 141 B 144 |
...
... ... ... ... ...

... ... -..

I4SOO
... ... ... ... ...
... ... ... . . , ...

J4JOO

...

... ... ... --, ...
« 4 B 4.1 | 19.1 • 11.7 B 71 B

...

•" • wi detected
t • fsilMied concenifallon
• • BUnh cofiiMlittllon
• - Libo(«iorv «•!• mi uiabie



UBlt B-19
AMWHtAD - *ItlO MttK DESIGN INVfSllUIION

CROLMMMIEH (SIEP II)
INORGANIC DATA (Himtoi

Pigc 1 ot 4.

SAMPLE LOCATION:
OIL SAMPLE NUMf*:
SM CASf NUMBER!
ITI NUMf I :
LABORATORY
OATf SAflPLtO:
(U0/II

Alualnua

Artenlc
••HIM

UdaluM
Olclu*

COM II
coppcf
iron
Lead

neicuiv
Nickel

POUIlltM
S«lenliM
lllvtf
SMIUt)

Ihalllua
VUMdllM
Zinc

CVMldC

•M-06A-04
66HM1S96
4942
MR 4)4
•Ml
09/01/66

16 |
lit

197000

6 t 1
1640

*4100

1760 |

11400

19. 1

...

wr-066-oi

MR 417
•ML
09/01/66

——

111000

101 6

71600

10100

64400

14.0 6

...

urn- 09* -01
•6HV01S79

MR 471
•ML
09/04/66

;::

41700

• It

3 4 1

14300
914

•46 |

41700

27 9 •

4941
Ml 479
•ML
09/01/46

67 7 •

114 |

114000

46 •
111 •
« > 1

41400

10400

14.0 I

MW- 10* -OJ
66HV019*]
4941
Mil 491
•ML
09/01/M

191 6

147 |

IUOOO

7 1 J
111 •

71100
770

1430 t

11600

14 1 6

...

urn- IO6-O)
66HW01U4
4943
Ml 999
•ML
09/01/66

4 1 (
lit |

9 1
134000

60 1
174 •

107000
410

1690 |

10 100

t s •
...

MW- IIA-O4
•IHV01S60
4941
MR 941
• ML
09/01/66

61.* J

16100

41 (
179 •
10 |

10600
16 4

99* |

3110

11 7 t

...

«W- I3A-04
MHV01S6I
4143
M6 449
•Ml
09/01/66

104 6

it 7 J

IfciOO

^ * J
141 6

10100
14 1

»*4 1

9490

14 7 6

...

MM- 11*- 04
66HV01S94
9941
MR 911
RML
09/01/66

3*9 0

41.1 |

M700

ll.l 1
160 •

IllOO
47.1

976 |

6170

ii"i t
...

m- 116-03
•6HMDS97

MR 441
RMl
•9/03/66

41.7 J

19 1OO

:::
11400
46 1

I9OO |

7670

4.4 •

...

MW-I1E-O2 MH-I4A-04
MHV01S5S I6HW1S6I
9941 4941
MR 419 MR 971
•Ml IML
09/01/66 OS/01/M

19 0| 139 J

14000 766OO

69.4 t

1 1700 14300
4* 6 97*

663 1 ITOO |

9330 11100

4.0 • 19.6

——

•- - NOi detected
I • HllHUd conceniiailon
• • BUM COflUBlMllMI

u not uubl<



TABLE B-JS
• flUDMHK DESIGN INVESTIGATION
OtOUsD WAIER (STEP lit

INOtCANIC DATA IHIHIEO)

P*Bt 2 ol 4.

SAM>IE IOCATION:
OIL SA«f>Lf MJMfR:
SMO CASE NUMEI
III NLMAf • ;
LAiCtATMY:
DATE SAVLEO:
IUfl/11

AllMlfMM
Anllwny
Aitenlc
•if 1U4I

BCfylllu*

calcium
Chroftlim

cant it
coppei
lion
ie*d

MOiieiiiM
*anti*iMie
•en'uiy
Nickel

POI4ftlU>
Sclent in
SHvei
sodiua
TtUllllW
V1M4IIW
line

Cyanlot

4W-B4D-04
•BHV01S14
4S7I
MEW ii7
MAL
05/10/11

...

40 2 B

44600
...

...

...

...

21900
144

B 1 1

1400 |

9290

...

10.7 B

M*-OSA-04 «W-09B-OI
MtWOJSJI MHV01S13
9971 9971
MEW 111 «t*f 104
I«Al RtML
09/IO/M 01/10/11

69 9 B
... ...
... ...
Ill B 61 7 B

9»OO I11OOO
...

1 10 B
• i a • o B

J9900 46900
164 71 B

11*0 | 1100 |
... ...
... ...

•470 «6*0

...

17 • B 12 3 B

IW-O9C-01
MHV01S31
9942
MIW 301
•WAL
OJ/01/*!

46. B B

...

moo...

I 6 B
...
...

16000
91 9

•60 |

HIM

...

...
9.9 B

...

M*~O9t-02 «W-ObA-04
IIMV03S17 IBHV41S91
9942 9941
«E« 101 »tt 919
R«A1 BtML
09/09/16 09/01/11

40 7 B III |

...

16IOO 79 tOO

t t B II 4 t

4 1 B ll|

IllOO 117DO
49 4

*•• | 770 ]

16000 7040

10 4 B 11.9

MV-O6C-O4
•IHVO1S91
994]
MR 931
RMt
09/02/BI

179 B

10 7 |

...

41600
6 4 |

164 B
1 4 |

14*00
14 9

4*9 1

9900

...

• • •

MT-OIA-04
BBI1V01S7 1
9142
MR 919
R*Ml
09/04/11

» 1 B

170 B

...

11)000

9 6 B
1410

41900
hi tO

1190 1

12700

16 1 B

4W-07A-O4
• II1V01S71
4941
MR 9*7
RWtl
01/04/11

42.4 |
...

1)4 1

...

:,.'.0

...
12 1 •
I1BO
...

41900
6230
...
...

1170 |
...
...

1MOO

...

...
1* 6 •

IM-07B-0)
BBIWOISM
9942
HER 991
•MAl
01/OS/BB

IB 1 B

101 |

...

7*400
...

II 4 B
*7 3 |

30000
166

...

1290 |

12400

...
11 9 B

...

•W-07C-0)
••W01S71
9142
Mil 441
•HAL
09/04/1*

11 6 B

17400

7 4 B

IllOO
41 6

1120 |

10200

...

6.B B

...

MW-Q>$-01
••HVftJS70
9141
Ml Ml
RMAL
01/04/U

110

...

99*00

11 0

1 4

4)100
1110

1100

II4OO

...

...
19.9

...

B

ft

1

1

B

-" • NOI dciccled
I • (HIMled Conc
B • BUnt coniulMllon
R - LAboraioiv att* not



lABli B-2«
ARNtMHtAD • IIEiDMMK DISICN INVESTIGATION

OIOUOIATfl (SlfP Ml
LOW OftKtlON tl«II PAH

P*« 1 Of 4.

SAMPLE
OIL 5AM>Lt MJtttl;
SAS NUMm:
IAM*AT01V:
DATE

tltfl/ll

17»4-E»
DATAC
09/04/tl

MI-07C-0)
HHVOJSiO

OATAC
OS/M/M

17«4-E4bDl
OATAC
09/04/••

17«4-E»
MTAC
05/B1/M

MI- 146-04
IIHV01SU
1714-fSI
MTAC
09/04/••

•W-14C-O1
•IHV01S14

W-14C-01
ItHVOMOl
17I4-I40
OATAC
09/04/II

17*4-141
Dft (AC
•9/04/M

m- us-oi
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OIOlMMAIfl (STEP III
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1AM [ 4-11
O - MILD MMK MSICN INVESTIGATION

SIBSlMFACf SOU (STEP lit
INCINEIATKM »AlAMTE»

I Ol 1.

SAMPLE LOCATION: SOI7-06-OI SM7-04-01 SO47- 14-01 S047- 19-01 SOB7- 14-01 S«7- 14-01 SOI7- 17-01 S047-II-OI SO47-II-OI SOI7- 14-01 SM7- 19-01 S047- 19-01 S047- 13-01
OIL SAMPLE MJMCI . ••mOtS 19 ItlKOSS 14 ••HKOS1 14 MIK09S 10 MHK09S09 IIMOtS 17 44M01SI1 *4HtOSDI2 MHXQ3S 11 fttHtMSO* MM030O4 ttHtOSS 1 1
SAS NUMBER: 1714 -E 141 17B4-EI49 17M-I 111 1714- (111 17«4-ftU 1744- E 111 )7*4-(lll 17M-I 111 17M-EI19 17*4 -t 10 1 17M-II01 17*4- EIM
LAtOtAIOlY: NEVER MVH MVEI «V(t WEVfl WEVIR NEVER WEVEI VEVEI »fVM MVU MVII W«l
(Mil SUPLED: 09/11/M OS/I9/M 0

wtliluie content ift) at tec. 'a
Mtliluie Content tftl A!I (taied
Total Molttute 1*1 at tec 'a
AM content i*>
volatile Miter 1*1
fUe« catk<M (ft)
mating value Miu/lb)
carbon coAttnt 4*1

Hraiogeit Content <*)
Nltiogefl Content (ft)
OByoen content (ft)
sulluf CMtml (fti

1 0 1,7
10
11 9.3
91. 9* . 1

44 . 3 . •
1.

7S4S
14.4 |

4.1 |
... ...
],• 1.9
3.1

4/19/M 09/11/11 09/17/M 03/17/11 09/19/11 09/19/U 01/19/M OS/ !•/•• O*/ 14/41 OS/I4/M ••/>•/••

19 4
1.9

14 4
•7 I

11 1
...

1130
• 4 |

...

4 . 4
...

1) 6
1 •

If 3
•6 9

13 •

1479
7.7 |

...

11

14 NA
1.4 N*
6.1 Mt

• 1 1 hM

17 M
... N*

1791 Nt
10.9 1 NA

1.4 I NA
NA

1.3 NA
NA

19 1
4 1

13 •
•* 1
1} 7
1 1
•41
S 9 J

...

4 4
11

!• 1
1.0

19 1
79 0

31. •

3093
U.4 1

...

..-
7.4
•--

34 4

11.1
•04

4.0
1.4
444
4.1 |

...

...
1.4
...

11 7
1 1

11.7
97 4

11

...

...

...

...
3.4
...

• 1
1 4
9 4

90.9

9.9
...
747
4.S 1

...

...
4.7
...

7 1

• .1
97 3

1 1

•4
10 |

...
3.1
...

11 9
1 4

14 •
7* 1

3311
11 3 t

9.0
1.1

SA«n.f LOCATION:
Oil SAMPLE NMBU;
SAS NUWfi:

S0>7-04-01 SOB7-H-03
••HtOlSIl ••HtOSS14
1744-EI41 17«4-EI44

S047-14-01
•tHCOSSU
MM-f i»

sotr-i»-oi
••HI01S It-
1714-I 111

SOW- 14-01
••MOSS09
1714-1114

SOU-14-01
IIM03009
>7M-1 111

SMI-17-01
•ftWOSS 17
17*4-fISl

SOI7-It-01
MMOSSII
17(4-1IH

S047- l«-0l SM7-U-H
4MKOSSM
17M-I l»

SOI7-19-*!
••HJOSSM
1704-f1*4

UW7-31-01
••MOSS 11
*7»4-Elll

ioc (ag/tl

--" - NO I Mice led
NA - MX aMlVHd
I - (itiHted conc«nif«ilon
* • S**>le could Mi te awtyied ky Uboralaiy



lABlt B-11 P»fl* 3
AMIMMAO • MUD MMK OfSICN INVISIIUTION

StASUtfACE SOIL (STEP II)
INCINEMTIfM PMAMEIEIS

SAMPLf LOCATION: SOB7-11-OI SOB7-11-OI SCM7-14-OI f l fLD BLAW MHO tlAMC
OIL SAWLI NUNtEft: IBH109S07 •IHC09SOB MrttOMQ7 «tH(05BM
SAS MMEI: 11H-H07 )7t4-[ 110 17B4- E119 )7M-t l*»
LAKttATfMV: IHYii ««• WEVU NEVE* VEVfl
MTf SUTKD: OS/IT/M OS/IT/M oi/i7/u oi/»7/« os/u/u

•olilut* content (ft) it iec'4
•oliluit content tfti Al» DI led
foial w>IHufr (ft) ai «ec'«
AM content (ft)
toUtll* Mtier 1ft)
rued carton iftt
HMtlnf valu* (llwlb)
carbon conltni (ft)

11. 1 NA
1. V HH

14 B Mt
«1.| NA

7 * NA
--- NA
lit NA
1.1 | Ml

4 .4
II
S S

•* 1 100. 1

II 4
... ...

I71B
ri i

...
100. 1

...

...

......
HydrooM Content (ft) --- NA i t j
NltfOfM CORIMI (ft) "- Ml
OXyflM COftltnt (ft) 4.t NA
lullwf CMltnl (ft) •*• MI

SAM>LE LOUIION: SIM7-11-OI SOW-II-01 SM7-14-OI MHO BIAM FIELD M.AM
Ctl SMPLI MJMU IW«0»07 MH<OJOO7 ••MOSSOB •tt«OH07 •HKOUM
SAS NLMBfl 17B4-IIOB 17(4-1104 17B4-EII1 17B4-tl» 17B4-I1H

IOC t«g/fll 17 II.• 14 0 0.4 «4

-...- . MI He ICC I «•
M - NO I aiMlyie*
I • flllMUO CMCMllBllOA
• • Sa l̂i eouli Ml k« amlyied ty Ubariloty
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SAMPLE 1 OCA II ON

CIL SAMPLE NUME«:

SAS NUMEI;

lAOOUTWV

(MTE SAMPLED;

COMMENTS:

ca*f- 101-01
••IIVOJSOI

J7*4-tOI

VI ISA*

04/17/1*

SLUM

CII7- 101-03
MtMlSOI
J744-E02

VEftSAR

04/17/a*

PfAT

CRI7- 101-01

IIIMtlSOl

17*4-101

VIISAI

04/27/M

SLLOCI

O)I7- 101-01

••MV01S09

1714 -{O4

vns*i
04/J7/M

PEAl

OUT- 101-01

••HVOJS04

17«4-(0}

VERSA!

04/17/41

SILOCt

««7- 101-01

••HVD1SM

1714- EM

VEtSAl

04/17/W

HI Id CAKE

OH7- 101-01

• •HV01DM

i7»4.Ee*
VIR&AI

04/17/M

Ultll CAKE

Ci»7- 101-0)

••maiso7
17«4-f07
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04/17/1*

PEA I

am- io4-oi
••HM1SO*

17*4 -t09

VEISAI

04/27/1*

SLLOCE

0117-104-01

•UMHMM
)7*4-f 10

VERSAK

04/17/11

SILOCt

SulfiM Content <»>
Chlorln* CMteni <*»
MnllliMC Conicni <«)
Ath Content 1*1
Healing wlu« (iTu/lb)

2. 10

0. 11

IS 7

4. 14

tilt

1.20

0. 14

24.4

IS.*

a? 4«

1.71
...

)*.S

5 M

7*»

2 47
0. 12
11 6

4.M

r.so

4 1*
...

10. a
«.s

*120

1 «
...

14.4

14 t

7140

1 47
...

11 •

42. S
4100

l.tl
...

4.21
11 4
7*00

l.M
...

l*.l

7. IS
MM t

1.2*
...

17

7. SI

4*440 |

VI(CO11IV
•1 dt«ftei c

14*.000 • 40

41.100 • M

dcir««t c

M.ooo • *o
c

•1 dc«i«f c
74. »M • 40

deaf MI C

47.100 * SO

c

(Ml-Ml Id •

M d«ar««f c

11.100 * 40

c

It.400 • 70

degreei C
u. loo a> 10
«Cfl«Ct C

4.tio 9 ai
4e«feei C

7.S4O • ao
defieet C

•• - mi detected
w - MI AMtvied
I * ItiiBtUd cooccmritlmi
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AIRONHfAD • HflO WMK OCSIGN INVESTIGATION

SLUJGt (STEP II)
INCINElATION PARAMETERS

SA*m IOCAIION;
Ott SAaPLf NLHftEl:

SAS MJtffl;

(.AtOIAKXV
DATI SAMPLED:

COMttNTS:

Sulllll OMIttm IK>

CHIoMm content ift)
WlIlUK ConlMI Ift)
AM GMItnl (ft)

HUH* WlU. (»n>/IOI

VI ICOtl IV

€••7-104-01
MW01S 10

17*4- f 12

VEISAI

04/27/M

HI Hit CAKE

4 17

12.*

19.1

•MO

NA

Cl»7- 104-01

MHMUS09

1714-EII

VflSAI

04/17/M

PEAl

1.71

14. 1

«.»

10*00

f*

CM7 - 109-0 1

MHV01S 1 1
17*4 -(14

VEISAI

04/17/M

SlUtti

1.11

l*-l

«.7«

MM

(Ml -Wild •

•Q d«B'*(l C

CIH7- IOS-01

MHV01SI2

1714-f 19

VEISAI
04/27 /»•

FILTEI CAKE

2.77

20.0

'».»

•MO

NA

CtlT-IOS-O)
MHVOISII
J7M-EI*
VflSAR
04/27/M

PI A I

4 19

0. 14

14 •

4 11

7290

NA

MELD BLAMI

• •HVDMO 1

17*4. [11

VEISAI

O4/17/M

«• «

10]

WHO • »0
deo'eei C

-' - Mil dCICCUd

- MDI amlvicd
I • EitlMUd conc<nti«ilon
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SO«I -04-01
Ill-M'l
IUK04SI9
MM
t« 174
GUI
09/I4SM
10

S047-04-Q3
(13-14 ' )
••M040M
M3*
f* 377
GUI
09/imo
17

SM?. 04-01
m-30' )
UH(04SW
MM
[• »;•
can
01/1«/M
It

SM7- 14-01
(* 5-« 0' )
MM04SI7
MM
fW 1*1
GUI
OJ/H/H
10

S0»7- 14-01
(12- 14' 1
MH(04S*I
M2*
(» SI]
C5II
01/14/tl
ir

SM7- 19-01
«-10')
MH104S9*
Ml*
f* 171
GUI
05/14/M
14

S0»7- 11-01
(14-lfl
MW04SOI
M»
tm in
GSII
09/U/M
17

SM7- 14-03
II9-I7'!
UH(04S*7
MK
W »4)
cut
OS/ 17/M
11

SCM7-U-01
(ll-ll't
•U«04S*0
MM
E* J4*
GUI
•9/17/0*
19

SIM7- 17-01
(•-I0*>
MH(t4I*l
M»
f* Ml
CMI
OS/IO/M
II

SOI7-I7-0]
(•-to* »
Mt«t4MI
MM
EH S4*csai
u/tv/o*11

VOLAIILf OICANIC CCMPOMtt

ACCIOAC
Carkon oituillde
loul i.l-Olchloiocilwne
1. 1. i-KlcMoioeiiunc
loltwnt
4-Mlhy I - i-
Eiht>lbcni<nc
xv KM

17 0
41 •

* I
• I

14

17 0
44 I

» 0
II •

11 0
11 I

41 0
10 •

170 I
II I

' I
11

110 •
17 •

11 •
40 •

> I

tl •
7 I

11 0
14 I

44 •
11 •

41 •
11 •

41 •

*

Sf«IVOt*TILf 01GANIC OHPOLMtt

MMMl

MMMfllhltM

170 |
140 I
170 I

110 ) 110 I

ChryicM
Dl-n-ociyl

190 J

IM | no j •i J

-' - ml *tiect«4
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MPTH:
CIL SAMPLE NUMfl:
S«0 USE NUMEl:
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•fH«04S93
9»29
t* S7«
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01/11/11
10

SO87- It-dl
16-f )
• ••KQ41M4
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EN 47 J
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Ol/ 11/11
II

S<M7- 11-01
(*-•' 1
Itt*t04SQ4
9*29
EW 174
CSRI
01/11/11
14
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(13- 14' 1
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CSII
OS/II/II
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so*;- i«-oi
IIO-II'I
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W»
t« SS7
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Ol/ It'll
1}

SO47-I9-01
(14- If 1
tlt*04Stt
«J»
E* Sl»
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9
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( * -§ - )
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9t»
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CSII
Ol/ It/11
77
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(IJ-I4-I
•»H(04S(IJ
9629
l« SH
CSII
OS/ It/It
II

SOIT-21-01
<J-S '»
•IHCMStl
9«29
EV 540
CSII
01/17/11
11

50tT-I)-Q2
(l-5'l
•IM04M1
««]•
E« Ul
CSII
01/17/11
II

1017-11-01
)«-lO
tll«04S94
9«29
(» Ml
GSII
09/17/tl
!•

VOLATILE (MCANIC COW>OLM»

MthrUne Chlodtfc
AMIOM
CaiMMI DllUllldC
TO I* I 1.2-DUhloiocihcM
1. 1. i-Trlchl<>(0«ilune
It icrtloroeiMnc
lalUCOC
4-MIIIVI-2-MnltfMM
EHvlkcmine
I'BUIIMMM

M O
91 •

*7 I
II t
t t
l*

--- I

IM •
»l •

J |

fc7 •
9k •

l ie
70 0

t I10
••• I

JJ I
41 I

loo 0
110 •

71 I
- - -
" J

14 •
II B

290 •
100 I

to •
21 •

Stftl VOLATILE MCANIC CO**OLM»

NUhUMlWM
>-MtbvlM»hihtt<n«

MOO
MOO

DI-n-hitylpklMlat*
fluortntlMM
fell<l-ttllVllM«yt)Mllh»UU
Otrvi***
M-n-Ociyl MitlMlau

Tt j 100 |
100 |

190
IT I

• - •lint conitdlntlion
I • IIIIMUI concinKtilon
• - UbOtllOty
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AIKMMAO - HUOMM DtSKM INVESTIGATION

SLtOCI ISIiP II)
ORGANIC Ml A

SMPlf LOCATION: CM7- I01-OI OU7- 101-01 CII7- IOJ-OJ f KID HAW
Ctl &U»Lf MJHtl: MtWOlSII UHMMll MHVOJStl •IHVOIIOI
US NUMII: imi 1ISSI 11591 11991
OI> UMIl: CSM7 fSMM (S*09 EMO]
LAHKTMV: S-Cl*fO S-CWfO I-OBtD S-UMID
Mil SAITLCD 04/17/M M/27/M 04/27/M 0« /!?/»•
COMUMIS: ULOCI flllH CUE HAT

VOLATILE OiCANIC COMfOLNtt

DILUTION IACIOB:
PH:
MinyKM chloild*
1. 1. l-Tf IChteiMtlUM
UlChlBIMIlMM
TOlUMt
AC*IMM
I'MtMOIt*

££i$"5SlMBM

1 0
11

T |
Ik 1
19 I
M |
...

11 i

1 0
19

...

...

...
J.t

IS J
...

:::

1 0
J.*
...
...
...
...
...
...

:::

1 0

...

...

...

...

:::
SUIvOLAIIlf MCHNIC CO*MLM>

DILUIION fACTOl: 30 10 10

)0 J
•lil)-«lliirllMiiyl)«hltaUU •-- MI » j

*•* "* -**
110 i 19 i

PflllCIM/PCBl

DILUIION fACTOl;

4.4 ' - DOO
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AIROHHtAO - HUMMK DESIGN INVtSIICAIIGN

SUO.SUUACE SOIL (STEP II)
lOt Of HC11 ON L I M I I PAMS

Pi IK I Of I

SAMPLE LOCATION:
OIL SA*ME MJttfl:
SAS MJUEII
lAMMATCMV:
DATE SAMPLED:
ft MOIlTlBf :
lug/kt>

NBphiMlem
1-MclhylMphltulenc
ACCMphthylCM
Acenaphilwm

flwrcne
«wn*niliiene
HuoiMtMm

SM7-0»-0] SOB7-06-0)
UH104SH llt«04SW
17M-EM4 17(4 -f 147
OATACMEU MTACHEM
03/ !•/•* OS/ !«/••
10 I*

::: :::

ill ;;;

SOIT -14-01
•IW04SI7
1714 -E 140
DATACHC*
09/I4/OI
14

:::

SOI7- 14-01 SM7-IS-01

17I4-E14I 17I4-E134
DATAO1EM MIACHtM
05 /!»/•» 03/U/M
14 IS

III III

SOI7- IS-01
IIW04SO 1
17M-EI3I
IMtACHCM
OS/U/M
19

:::

:::

SO»T- It-OJ
•lt«04S97
1714-1116
OAIACHEM
03/I7/I*
II

:::

S0t7- lb-01 SOI7- 17-01
a»IK04S*4 llt*04S»l
17*4- El 17 17*4-1131
DATACHf* OAIACHCM
09/17/M OS/I«/M
11 11

... ...

SO»7-I7-01

17*4. t 134
DAlACMEM
OS/ !»/••
11

:::

III

S0»7- 11-01
•Ml 04004
J7I4-EI17
OATACHfM
OS/ !•/••

**-

SO*7-U-01
IWK04S04
17*4 -E 114
OAT ACHE*
OS/ !•/••
It

:::

50*7- 11-01
••m04DOS
l>*4-EI]t
MIAOtfM
OS/ !•/••
10

:::

SOI7- 11-01
MH104SOS
17*4-CI17
OAlACHtM
OS/II/M
10

•«nio(k >f I uartnilMM
tPyrcnt
i.l.)-c4>Pyr«M
wt
h.DPeiyleM

i-«tthylMpIhtl«M

detected
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...
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...
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...
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...
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...

HtlD llAMt
••HK04IO*
)}»4<[I4I
DATACMt*
OS/ !»/••
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Appendix C
HYDROGEOLOGIC INVESTIGATION

This appendix discusses the hydrogeology of the Arrowhead Refinery site by
incorporating data from the Fieldwork Design Investigation (FDI) with the RI data.
The hydrogeoiogic investigation included reviewing existing data, performing new
fieldwork, and interpreting field data. The interpretation of the site geology and
hydrogeology in the RI has been revised to reflect the additional information
collected during the FDI.

RI RESULTS AND OBSERVATIONS

GEOLOGY

Based on the results of the RI, the geology at the Arrowhead Refinery site was
divided into five layers: fill, peat, outwash, morainal till, and bedrock. The fill
material averages 4 feet in thickness. The underlying peat layer, which is zero to
4 feet thick, is underlain by a glacial outwash layer consisting of interbedded clay, silt,
and sand and gravel layers 10 to 25 feet thick. Below the outwash is a 20- to 25-foot
thick morainal till layer. The morainal till layer grades vertically from silty sand or
sandy silt to a sand with some gravel, a trace of silt, and weathered fragments of
gabbro. The morainal till overlies a heavily fractured gabbroic bedrock.

HYDROGEOLOGY

The water table underlying the site is shallow, generally zero to 4 feet below ground
surface, and occurs within the peat or overlying fill deposit Groundwater flow, as
determined by groundwater level data, is generally to the southwest with gradients
ranging from 0.0007 to 0.01 ft/ft. Upward vertical gradients suggested that the site
may be a groundwater discharge area during part of the year.

OBJECTIVES

The specific objectives of the hydrogeoiogic investigation were to define or further
investigate:

o The existence of a low permeability layer underlying the peat Review
of the boring logs from the RI indicated that a continuous layer of silty
clay from 1 to 15 feet thick may exist beneath the peat

o The groundwater flow characteristics and the aquifer properties in the
different stratigraphic units.

o The existence of high permeability layers in addition to the sand and
gravel units encountered during the RI fieldwork. High permeability
units may influence groundwater flow, and therefore the contaminant
transport, beneath the site.

Ol



o The composition, fracturing, and depth of bedrock. Little was known
about the bedrock because it was encountered in only two borings
during the RI.

o The effect of the EPA drainage ditch on groundwater flow at the site.
Water level information collected during the RI indicated that the ditch
may be a discharge area. If so, the ditch could affect contaminant
transport.

o The vertical gradients at the site. There are upward vertical gradients
in some parts of the site during certain times of the year. This indicates
that at those times the site is a discharge area. The upward gradients
may affect the migration of contaminants.

SUMMARY OF FDI ACTIVITIES

Fieldwork activities conducted between May and December 1987 consisted of:

o Seismic refraction surveys to delineate the bedrock surface

o Drilling and installation of 13 monitoring wells and 7 piezometers

o Drilling and sampling of four additional soil borings in the process area

o Borehole geophysical logging to aid in the interpretation and correlation
of boring logs

o Measurements of water level

o In situ hydraulic conductivity testing

o Construction of two weirs and installation of four staff gauges in the
U.S. EPA ditch

o Surveying of elevations of new and existing wells, piezometers, and staff
gauges

The procedures, field observations, and results of these field activities are described in
the Technical Memorandums in Appendix A.

RESULTS OF FDI ACTIVITIES

SITE GEOLOGY

Subsurface geologic data were obtained from borings conducted at 23 locations during
the RI and 21 locations during the FDI. Data from soil borings conducted from
previous EPA investigations (in 1980) were also used. Monitoring well and soil
boring numbers and date drilled are included in Table C-l. The locations of the

C-2



Table C-l
SOIL BORING AND MONITORING
WELL INSTALLATION SUMMARY

WELLS:

Pre-RI Wells: (installed by U.S. EPA in 1980)
B2b B4b
B4a BS

Phase I RI: (installed December 1984)
la 3b 7a 14a
2a 5a 8a 14b
2b 5c lla
2c 6a 12a
3a 6c 13a

Phase n RI: (installed June 1985)

7b 9a 14c
7c 9b 15a

lOa lOb 15b

FDI Wells: (installed September-October 1987)
2e
3s

P5s
P5b

5b

5e
7s
8b

13e
13b

14s
Pl6s
16b

Pl7s
17b

17e
18e

P21s
P21b
P22s

SOIL BORINGS:

Phase n RI: (installed May-June 1985)
501 SOS S05 SOS
502 S04 S06 S10

Step I FDI: (installed September-November 1987)

SO87-19 SO87-22
SO87-20 19s
SO87-21

Step n FDI: (installed May 1988)
SO87-06 SO87-16 SO87-19 SO87-24
SO87-14 SO87-17 SO87-22
SO87-15 SO87-18 SO87-23



borings, monitoring wells, and geologic cross sections are shown in Figure C-l.
Figures C-2 through C-7 are typical generalized geologic cross sections.

Based on RI data and the FDI geologic and hydrogeologic information, the
subsurface geology at the site has been redefined into four units: fill, peat and clay,
morainal deposits, and bedrock. This interpretation, which is somewhat different
from that in the RI, is discussed in greater detail below.

Fill

According to the FDI data, the nature and distribution of the roll was consistent with
the results of the RI. The fill material consists of loose to dense dark brown or black
sand, silty sand, or sandy silt and is gravelly in some areas. The thickness of the fill
ranges from zero to 7 feet Fill occurs primarily in the south central portion of the
site just north of Highway 53 at the Gopher Oil building and the auto body shop, and
in the process area and along the wastewater ditch. Fill was also encountered in
borings immediately adjacent to the EPA ditch along Highway 53 and Ugstad Road
and south of Highway 53. In most places, the fill overlies peat.

Fill in the process area was sandier and contained more gravel compared to other
areas of the site. The fill was probably used to stabilize building locations and
roadways in the process area, and to construct the benn that forms the southern
boundary of the sludge lagoon. Finer-grained fill material composed primarily of silt
appears to be associated with the construction of the wastewater ditch and the EPA
ditch.

Peat and Clay

Peat The nature and distribution of peat at the site were also consistent with the
results of the RI. The peat is soft to medium stiff, black to brown, and fibrous and
contains wood chips. It ranges in thickness from zero to 7.5 feet and occurs at the
surface in the western portion of the site and just north of the lagoon (Figures C-2,
C-4, and C-5). In other areas of the site where peat is present, it occurs below the fill
or sludge.

The peat is continuous across the site except in the southern portion. In soil borings
S08, S087-20, S087-21, and S087-23 (near the auto body shop), Well Nest 7, and
abandoned piezometer 19s (along the driveway for Gopher Oil and the auto body
shop), peat was not encountered during drilling. Peat in these areas was probably
removed when the area was filled or when the buildings were constructed. The peat
layer is also continuous off site south of Highway 53, except at well locations 16 and
17 where peat was probably removed during highway construction.

Clay

Clay. Underlying the peat in most borings is a medium stiff to stiff, gray, blue gray,
green, or yellow brown clay to silty clay that is zero to 5 feet thick. Compared to silty
clays in the till unit, it is. sorter (as indicated by blow counts), has a higher clay
content, and usually contains little to_no sand and no gravel. It is often mottled or a
different color than the silty clays of the till, which are usually brown.

C-3
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The clay unit appears to be continuous beneath most of the site (Figures C-2 through
C-6) and was encountered beneath the peat in most of the soil borings except near
the autobody shop and Gopher Oil. The clay layer was absent in borings near the
auto body shop (SO87-20, SO87-21, SO87-23, and Well Nest 7) and Gopher Oil
(SO87-19 and abandoned piezometer 19s). The clay unit in this area, like the peat
may have also been removed during construction of the buildings and roadways. The
clay was also absent in borings (SO la and Well Nests 6 and 18) which are adjacent to
the EPA ditch along U.S. 53 and Ugstad Road.

Morainal Deposit

Below the peat and clay units is a morainal deposit consisting of mixed glacial
outwash and till that is made up primarily of very stiff, brown silt, sandy silt, or clayey
silt. The deposit sometimes grades to silty sand or silty clay, but the primary
constituent of the deposit is silt. Within the morainal deposit are dense to very dense
lenses of sand and gravel, 3 to 20 feet thick. Boulder and cobble zones 1 to 8 feet
thick commonly occur in the bottom 15 feet of the deposit (Figures C-2 through C-6).
The morainal deposit is 30 to 53 feet thick beneath the site.

The amount of coarser materials generally increases with depth in the morainal
deposit, as seen in Figures C-2 and C-4, primarily because of the cobble and boulder
zones. Also, the sand content of the deposit increases to the south and the clay
content increases to the north beneath the site.

In the RI, the deposits below the peat-clay layer and above the bedrock were divided
into glacial outwash and glacial morainal units. The existence of a glacial outwash
unit was based on the presence of the sand and gravel layers within sillier materials.
However, the FDI results show that the sands and gravels are neither as prevalent
nor as extensive as concluded in the RI. The sands and gravels do not appear to
occur in layers, but rather in discontinuous lenses within the silts. An exception to the
discontinuity of the sands and gravels are the two lenses shown in geologic cross
section D-A (Figure C-2) which appear to be continuous from monitoring well
location 9 northeast to soil boring SO87-16. However, the lenses are continuous only
to the northeast and do not appear to be continuous in a southeast/northwest
direction because they are not present at boring locations 2, 6, 13, 14, or 16
(Figure C-3).

The existence of a glacial morainal deposit was assumed in the RI because of the
boulder and cobble zones found in the deeper borings. Because of the similarity in
the composition and hydraulic properties of the "outwash" and "morainal till," the
two are now treated as one unit and referred to as the morainal till. Based on the
boring logs, it appears that the unit is typical of ice contact deposits, which rapidly
change in composition both laterally and vertically.

Bedrock

Bedrock was encountered during the RI in of only two borings (2c and 6c), so a
seismic survey was conducted as an initial investigation of the bedrock. The data
from the survey were used to establish the possible existence of any bedrock
topographic features that could influence the movement of groundwater beneath the
site. The results of the geophysical survey indicate that depth to bedrock ranges from

C-4



I
25 to 60 feet below the ground surface. An ; :> parent bedrock valley extends from the |
vicinity of monitoring well 18e to the northwt ,e across the site. The existence of a
bedrock valley is confirmed by the depths to ;edrock in the process area and at the _
southern end of the wastewater ditch (see Technical Memorandum No. 1 in I
Appendix A). Depths to bedrock are greatest in those portions of the site. *

The nature of the bedrock could not be determined from the results of the seismic . I
survey. The bedrock surface generated from the seismic data could represent »
extremely hard packed material, a boulder zone above the bedrock surface, or the
base of the weathered bedrock. •

Five bedrock wells were drilled to verify the results of the seismic survey. A 10-foot
core of bedrock was taken from each of the boreholes except 5e. During drilling at •
that location, it was difficult to determine whether bedrock, weathered bedrock, or a |
boulder zone had been reached. According to well development and recovery data
and the gamma log from 5e, it appears that a boulder zone rather than bedrock had _
been reached when the boring was terminated. 1

The depths to bedrock in borings confirmed the existence of a bedrock low in the
southern portion of the site at monitoring well location 18e (Figure C-3), where g-
bedrock was encountered at an elevation of 1,364 feet above msl. In borings 2e, 6c, •
7c, 13e, and 17e, bedrock was encountered at elevations of 1,375 to 1,380 feet above
msl. Although the true depth to bedrock could not be determined at well location 5, •
it was estimated to be 50 feet or more below the surface at an elevation of I
approximately 1,365 feet (Figure C-2).

The bedrock samples retrieved from cores consisted of fractured, coarse to very ]
coarse grained hornblende gabbro with small amounts of augite and biotite. Most of
the bedrock core was very competent (recovery rates between 90 and 100 percent)
with evidence of slight weathering. Multiple fractures (6 to 12 per 10-foot core) were I
also noted.

SITE HYDROGEOLOGY

INTRODUCTION J

Fifty-two groundwater monitoring wells and seven piezometers have been installed at
the Arrowhead Refinery site. Thirteen of the monitoring wells and all seven *
piezometers were installed during the FDI. All other monitoring wells were installed j
before or during Phases I and II of the RL The well numbers and dates installed are
summarized in Table C-l. Well construction information is summarized in Table C-2. _
Water levels collected from the wells since June 1986 are provided in Attachment A. j
Most of the water level data were collected by the MPCA or CH2M HILL.

Well locations are shown in Figure C-8 and the screened intervals of each well are 1
shown in the geologic cross sections included in Figures C-2 through C-7. Water «*
levels obtained from the wells in November 1987 are also shown on the geologic cross
sections. 1

J
C-5
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Table C-2
MONITORING WELL CONSTRUCTION INFORMATION

We) I
NO.

la
2a2b
2c
B-2b'
2e
3s
3a
3b
B-4a
B-4b
P5S
P5b
5a
5b
5c5e
B-5
6a
6c
7S
7a
7b
7c
Sa8b
93
9b
I0a
lOb
na
I2a
I3aI3b
Ue

ScreenBottom
Elev.
1410.73

1410.19
1395.05
1379.44
1407.48
1368.53
1409.51
1400.64
1393.20
1411.06
1386.33
1408.41
1403.12
1406.64
1398.94
1380.45
1365.38
1408.34
1410.95
1390.06
1408.24
1405.64
1394.53
1383.19

1409.11
1399.54
1404.51
1396.75
1401.43
1391.96
1400.89

1404.53
1404.50
1383.99
1366.93

Surf.
Elev.
1424.06
1418.19
1418.05
1417.94
1418.28
1418.03
1416.21
1415.64
1415.70
1421.56
1421.43
1418.71
1419.12
1418.64
1419.14
1418.95
1419.08
1418.94
1424.95
1425.06
1419.54
1419.44
1419.03
1419.19

1423.36
1422.54
1419.01
1419.25
1413.93
1413.96
1414.89

1418.53
1418.50
1418.49
1418.83

Riser
Elev.
1427.19
1420.69
1420.94
1420.43
1419.98
1419.73
1418.3
1418.79
1418.36
1424.22
1424.08
1420.43
1420.82
1421.05
1420.68
1421.12
1420.41
1421.36
1427.74
1427.82
1421.07
1422.49
1421.75
1421.60
1426.14
1424.65
1421.23
1421.85

1416.63
1416.60
1417.98

1421.42
1421.46
1421.05
1421.08

Casing
Elev.
1427.29
1420.74
1421.03
1420.50
1421.00
1420.03
1418.31
1418.84
1418.41

1424.33
1423.81
1420.53
1420.77
1421.12
1420.58
1421.17
1420.32
1422.42
1427.80
1427.85

1421.11
1422.46
1421.90
1421.89

1426.26
1424.58
1421.58
1421.84

1416.73
1416.85
1418.01

1421.45
1421.54
1420.96
1420.89



Table c-2
MONITORING WELL CONSTRUCTION INFORMATION

wel I
NO.

P14S
I4a
14b
14C

I5a
I5b
16s
P16b
P17S-MPCA
P17S
17b
I7e
I8e
P21S
P2ib
P22s
P23S

STAFF CAGE
SG-1
SC-2
SC-3
SC-4

Screen
Bottom
Elev.

1409.22
1400.59
1391.66
1384.19
1406.23
1396.04
1408.51
1395.9

1411.1
1408.02
1382.54
1366.67
1355.49
1404.33
1384.1
1405.19

Surf.
Elev.

1415.72
1415.59
1415.66
1415.69
1420.73
1420.54
1421.31
1420.9

1426.1
1423.02
1423.44
1422.77
1419.79
1413.97

1414

1413.69

1430.12

Riser
Etev.

1417.50
1417.86
1418.36
1417.39
1423.11
1422.77
1423.01
1423.26
1427.63

1425
1425.26
1424.67
1421.6
1416.16
1416.3
1415.58

1432.33

1420.32
1419.25
1419.06
1415.39

Casing
Elev.

1417.77
1418.04
1418.43
1417.50
1423.20
1422.99
1423.02
1423.45
1428.3
1425.04
1425.4
1424.69
1421.58
1416.16
1416.19
1415.53

1433.04

MEASUREMENT TAKEN FROM THE TOP OF RISER

I
I
I
I
I
1
1
Y

1
1
I
r



Table C-4
SUMMARY OF HORIZONTAL GROUNDWATER GRADIENTS

Unit

Fill-Peat-Clay

Morainal Deposit

V-/

Bedrock

Month

November 1987

April 1987
NE quarter of
NW quarter of
S half of site

Average

July 1987
NE quarter of
NW quarter of
S half of site

Average

September 1987
NE quarter of
NW quarter of
S half of site

Average

November 1987
NE quarter of
NW quarter of
S half of site

Average

November 1987

Gradient

0.0052

0.011
0.0044
0.0064
0.0073

0.011
0.0051
0.0055
0.0071

0.011
0.0044
0.0048
0.0066

0.0089
0.0053
0.0042
0.0061

0.0059

GLT932/044.50



Table C-5
SUMMARY OF VERTICAL GROUNDWATER GRADIENTS

(June 1987 to March 1988)

Well
Eair.
2a-b
3a-b
B5-5a
14s-a
21s-b
2b-c
3s-a
B4a-b
5a-b
5b-c
6a-c
7s-a
7a-b
7b-c
8a-b
9a-b
lOa-b
13a-b
14a-b
14b-c
15a-b
16s-b
2c-e
5c-e
13b-13e
17b-e

Mean
Vertical

Gradient*

-0.02
-0.011
-0.44
-0.049
-0.0099
0.02

-0.044
0.0092

-0.016
0.0049

-0.021
0.0096

-0.0089
-0.013
0.051
0.0049

-0.016
-0.02
-0.0024
0.014

-0.0052
0.018

-0.0034
0.0051
0.001
0.012

Range of
Vertical Gradients*

-0.053 to -0.0018
-0.044 to 0.16
-0.62 to 0.082

-0.012 to -0.0075
0.00073 to 0.083

-0.12 to -0.0011

-0.036 to
0.00054 to

-0.049 to
0.0077 to

-0.12 to
-0.090 to
0.020 to

-0,045 to
-0.036 to

-0.0039
0.012
0.047
0.012
0.097
0.025
0.094
0.026
0.082

-0.0056 to 0.0022
-0.0054 to 0.14
-0.11 to 0.089
0.004 to 0.075

-0.0064 to -0.00091
-0.004 to 0.019

-0.0088 to 0.013

'Negative vertical gradients indicate upward gradients.

Upward
Gradients/

Total

16/16
11/12
7/8
1/1
2/2
0/16
3/3
0/1
3/3
0/3

14/17
0/2

10/16
8/17
0/4
3/16

10/12
1/1

10/12
2/12
7/17
1/4
4/4
1/3
1/1
3/4
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Slug tests were performed during the RI and FDI to evaluate hydraulic conductivity.
The range, mean, and log average of the conductivities for each unit are listed in
Table C-3. The log average, calculated by averaging the log of each hydraulic
conductivity (rather than averaging the actual conductivity values) and taking the
inverse log of the average, is considered to be more representative of actual hydraulic
conductivity within each unit than the mean hydraulic conductivity value. Vertical and
horizontal groundwater gradients were calculated from the water levels and water
table maps (see Tables C-4 and C-5).

Using the calculated hydraulic conductivities and horizontal gradients and an
estimated effective porosity, groundwater velocities were calculated for the fill-peat-
clay and morainal deposit. 'Hie calculations, average velocities, and maximum and
minimum velocity for each unit are included in Table C-6.

The hydrogeology of each major stratigraphic unit including the fill-peat-clay unit, the
morainal deposit, and bedrock is discussed below. Because only one well is screened
in the fill, the hydrogeology of the fill is discussed with that of the peat-clay unit.

FILL-PEAT-CLAY UNIT

Figure C-9 is a water table map of the fill-peat-clay unit for November 1987. Eight
wells are screened in the unit. Because so few wells are screened in the unit and the
unit appears to be hydraulically connected to the underlying morainal deposit
(discussed in the following section), a water table map of the fill-peat-clay was
contoured for 1 month only. Water levels and the wells used to construct the map
are summarized in Table C-7.

Water levels are zero to 4 feet below ground surface, and in most parts of the site,
the water table occurs in the fill-peat-clay unit. Based on the water levels in six of the
eight wells, flow in the unit is toward the west-southwest. The horizontal groundwater
gradient in the fill-peat-clay unit for November 1987 was 0.0052 ft/ft.

The highest and lowest hydraulic conductivities calculated for the fill-peat-clay unit
were 1.8 x Ifr2 cm/s and 7.7 x Ifr5 cm/s (Table C-3). The highest hydraulic
conductivity in this unit was measured for the fill found at P17s. The fill consists of
sand and gravel probably used in the construction of the highway (see Figure C-4).

Using the values for hydraulic conductivities, an estimated effective porosity of 0.55
and a horizontal groundwater gradient of 0.0052 ft/ft, maximum and minimum
groundwater velocities of 0.001 cm/s (1.7 ft/day) and 2.7 x KT6 cm/s (0.007 ft/day)
were calculated for the unit Using the log average hydraulic conductivity for the fill-
peat-clay of 4.3 x 10" cm/s and the same horizontal groundwater gradient and
porosity, an average groundwater flow velocity of 1.5 x 10'5 cm/s (0.04 ft/day) in the
unit was calculated.

To assess the potential for downward vertical flow and contaminant migration from
the fill-peat-clay to the lower morainal layer, vertical gradients were evaluated from
the water level data (see Table C-5). The water level data from six well nests (2a-b,
3s-a, B4a-b, B5-5a, 14s-a, and 21s-b) were used to represent the flow from the fill-
peat-clay to the deeper morainal deposit The calculated gradients were mainly
upward from the morainal layer to the fill-peat-clay layer indicating that the
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Unit

FiU-Peat-
Clay

Glacial Till
(Silt, clayey
silt, sandy
silt)

Glacial Till
(Sand and
gravel
lenses,
cobble and
boulder
zones)

Well
No.

2a

P14s
P17s
P21s

2b
3a
3b
6a
8a
9a

12a
14a

P16s
P16b

17b
P22s

la
5a
5b

P5b
5c
7s
7a
7b
8b

lOa
15b*

P21b

Table C-3
HORIZONTAL HYDRAULIC CONDUCTIVITY

Hydraulic
Cond.
(cm/s)

7.7 x 10'5 Not tested: B2, 3s, B4a, B5
3.1 x Iff4

1.8 x Iff2

8.2 x Iff3

2.7 x Iff4
3.0 x 10*4
1.0 x 1C'3
1.2 x 10"4
3.7 x 10-5
2.0 x 10-4
3.4 x ID"4
1.2 x Iff4
4.0 x 10-5
9.0 x 10-*
2.0 x 10*
3.0 x 10-4

1.2 x Iff4
3.4 x 10-4
3.5 x 10-2
3.1 x 10-4
3.4 x Iff4
6.6 x Iff4
4.9 x 10-4
2.9 x 10-4
1.3 x Iff48.5 x iff3
3.5 x 10*
1.0 x Iff4

Range: 1.8 x 10'2 to 7.7 x 10'5
Mean: 4.6 x 10'3
Log Average: 4,3 x 10"4

Not tested: 6c, lOb, lla, 13a. 14b, 14c
Range: 1.0 x Iff3 to 3.7 x 10*
Mean: 3.2 x Iff4

Log Average: 2.1 x 10"4

Not tested: 2c, B4b P5s, 7c, 9b, 13b, 15a
Range: 3.5 x 10'2 to 3.5 x 10^
Mean: 4.2 xlO'3
Log Average: 5.6 x 10"4

Note: Log Average for all wells screened in till: 3.3 x 10"4.
'Hydraulic conductivity results suspect, value not included in averages.
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Table C-6
GROUNDWATER VELOCITIES

Effective
Porositv8 fn)

Fill-Peat-Clav

0.15

0.15

0.15

Morainal Deposit

0.25 (sand)

0.10 (silt)

0.20 (avg.)

Horizontal
Gradient fil

5.2 x 10'3 ft/ft

5.2 x 1Q-3 ft/ft

5.2 x 10'3 ft/ft

6.8 x 10-3 ft/ft

6.8 x 10'3 ft/ft

6.8 x 10'3 ft/ft

Hydraulic '
Conductivity (Kl

1.8 x 10'2 cm/5

7.7 x 10'5 cm/s

4.3 x 10"4 cm/sb

3.5 x 10'2 cm/s

3.7 x 10'5 cm/s

3.3 x 10"* cm/sb

Groundwater
Velocity*

0.001 cm/s
(1.7 ft/day)

2.7 x 10-* any*
(0.007 ft/day)

1.5 x 10'5 cm/s
(0.04 ft/day)

9.5 x W4 cm/s
(2.7 ft/day)

2.5 x 10"6 cm/s
(0.007 ft/day)

1.1 x 10'5 cmyi
(0.03 ft/day)

(highest)

(lowest)

(average)

(highest)

(lowest)

(average)

8 Assumed values for effective porosity.
bLog average hydraulic conductivity.
cCalculated from equation: velocity » (K x i)/n, from Freeze and Cherry (1979).
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Table C-7
WELL NUMBERS AND WATER LEVELS

USED IN CONSTRUCTION OF WATER TABLE MAPS

Unit

Fffl-Peat-Clay

Morainal
Deposit

Bedrock

Well
Number

2a
3s

B5
14s
17s

P21s

la
2c
3b

B4b
5c
6a
7a
8a
9a

lOb
lla
12a
13a
14a
15a

P16b
P17s
P21b
P22

2e
13e
17e
18c

Water
Level*

04/14/87

aja
__
«
»
»
—

1,422.43
1,416.15
1,415.16
1,418.06
1,417.51
1,420.83
1,417.04
1,418.91
1,417.21
1,413.65
1,416.08
1,416.91
1,419.18
1,415.83
1,417.52

—
«
—
—

„.
—
—
***""

Water
Level*

07/07/87

mmm
._
™
™
—
—

1,421.62
1,415.56 (2b)
1,414.12

-«
1,416.70
1,419.48
1,416.45
1,417.75
1,416.29
1,412.10
1,414.37
1,415.84
1,417.62
1,414.92
1,416.83

—
1,416.60
• —
_

--,-
—
~
•••

Water
Level*

09/21/87
mmm

_.
.
«.
«
«

1,422.06
1,415.85 (2b)
1,414.60

—
1,416.94
1,419.99
1,416.72
1.41&53
1,416.55
1,413.30
1,415.16
1,416.69
1,418.54
1,415.48
1,416.93
1,415.33
1,416.27

_
«.

...
«.
—

"

Water
Level*
11/09/87

1,415.49
1,414.37
1,415.76
1,414.85
1,415.83
1,411.56

1,421.87
1,415.64 (2b)
1,414.48
1,416.38
1,416.64 (5b)
1,419.93
1,416.35
1,418.31
1,415.42
1,412.93
1,415.06
1,416.67
1,418.52
1,415.22
1,416.91
1,414.39
1,415.92 (17b)
1,411.71
1,411.39

1,415.61
1,418.93
1,415.94

*Water levels measured relative to mean sea level (msl).
— No water level measured that month.
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Arrowhead site is a groundwater discharge area. Although the data are limited, the
upward vertical gradients do not appear to be a related to any seasonal fluctuations in
the water levels. In well pair 2a-b for example, water levels were measured monthly
from November 1986 through December 1987 (except April 1987) and all of the
calculated gradients were upward. The mean gradients of all six well pairs ranged
from -0.02 to -0.4 ft/ft (negative vertical gradients indicate upward gradients).

MORAINAL DEPOSIT

The configuration of the water table elevations in the glacial till unit for April, July,
September, and November 1987 are summarized in Figures C-10 through C-13. The
water levels used for mapping (Table C-7) were from wells screened nearest the
surface and completely within the morainal deposit at each location.

In general, minimal seasonal variation can be seen in the water table maps for the
morainal deposit. Groundwater elevations range from about 1,412 to 1,422 feet
above msl for each month. The highest water levels of the 4 months were recorded
in April and the lowest in November, however, the differences in the water levels in
individual wells from month to month were less than 1 foot. Groundwater flow is
from the northeast to the southwest. The groundwater gradients are slightly steeper
in the northeast quarter of the site compared to the northwest quarter and the
southern half. A groundwater discharge area is indicated by converging flow lines on
the water table elevations and contours in the wetland area southwest of the site
between Highway 53 and Rose Road.

The water table surface is flattened somewhat in the process area and near the auto
body repair shop, particularly on the April and September maps. In that area, the fill
is thicker and sandier than in the rest of the site. Therefore, there could be a higher
rate of infiltration and recharge in those areas compared to the rest of the site.
Higher recharge rates could cause the flattening of the water table.

The configuration of the water table in the southern half of the site in
November 1987 differs somewhat from the other maps. The November contours
indicate that the EPA drainage ditch is a groundwater recharge area. At the time the
water levels and staff gauge measurements were taken, a fire hydrant adjacent to the
drainage ditch near Well Nest 7 had been opened and more water than usual was in
the ditch, probably causing the drainage ditch to act as a recharge area for the month
of November only.

The horizontal gradients in the morainal deposit are fairly consistent throughout the
site and from month to month. The steepest gradient was measured in the northeast
corner of the site in April (0.011 ft/ft) and the shallowest in the southern half of the
site in November (0.0042 ft/ft; see Table C-4).

The log average hydraulic conductivity calculated for wells screened in the silty
portions of the morainal deposit is 2.1 x 10"4 cm/s. The log average conductivity of
the sand and gravel units within the deposit is 5.6 x 10"4 cm/s, and the log average
conductivity of the deposit as a whole is 3.3 x 10"4 cm/s. The highest and lowest
hydraulic conductivities calculated for the morainal deposit were 3.5 x 10~2 cm/s and
3.7 x 10'5 cm/s. Using these values, estimated porosities (from Freeze and Cherry
1979) of 0.25 (for sand) and 0.10 (for silt) and a horizontal groundwater gradient of
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, *
0.0068 ft/ft, maximum and minimum groundwater velocities of 9.5 x 10 cm/s
(2.7 ft/day) and 2.5 x lO^6 cm/s (0.007 ft/day) were calculated for the unit. Using the
log average hydraulic conductivity for the morainal deposit of 3.3 x 10"4 cm/s, the _
same horizontal groundwater gradient and an average porosity of 0.30, an average
groundwater flow velocity of 1.1 x 10 cm/s (0.03 ft/day) in the unit was calculated.

The mean vertical groundwater gradients (Table C-5) are variable in the morainal ™
deposit, indicating upward flow in the unit in some areas and downward flow in
others. However in most cases, the vertical gradients are small. Average gradients
ranged from -0.02 to 0.5 ft/ft. The variations in water levels in the well nests appear "
to be attributable to localized variations in stratigraphy.

Flow in the morainal deposit is similar to flow in the fill-peat-clay unit. Flow
directions and horizontal groundwater gradients are nearly identical. Differences in
the water table maps between the morainal deposit and the fill-peat-clay appear to be
caused by the lack of water level measurements in the latter from the northern half of
the site. A lack of wells screened in the fill-peat-clay in that portion of the site limits
the extent to which the water table can be contoured in that unit. Based on the
similarity of flow and water levels (see Table C-7), it appears that the fill-peat-clay
unit and the morainal deposit are hydraulically connected. ~'

BEDROCK UNIT
*

Water levels were obtained from three bedrock wells in November 1987. The water j
table configuration is shown in Figure C-14 and the water levels and well numbers are
listed in Table C-7. Groundwater flow in the bedrock unit is toward the southwest •
and the horizontal groundwater gradient is calculated to be 0.006 ft/ft. Again, flow in j
the bedrock is in the same direction, horizontal gradients are similar to the morainal
deposit and the fill-peat-clay unit, and vertical gradients (Table C-5) from the fill- .
peat-clay and morainal deposit to the bedrock are very small. This indicates the 1
bedrock unit is hydraulically connected with the morainal deposit.

Slug tests to evaluate hydraulic conductivity were not conducted in wells screened in '
the bedrock. Therefore, no groundwater velocity in the unit was calculated. -*

The vertical gradients from the morainal unit to the bedrock was calculated for the ^
three bedrock wells. The vertical gradients were very small, ranging from -0.02 to
-0.004 ft/ft. The vertical gradients were all upward indicating that groundwater is
flowing from the bedrock to the morainal unit.

GLT932/041.51
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