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Peery, William McGuire M.S. March, 1989 Geology

Migration and Degradation of Dissolved Gasoline in a Highly
Transmissive, Unconfined, Gravel and Cobble Aquifer: A Study
of the Champion Missoula Sawmill Spill, Missoula, Montana

Director: Dr. William W. Woessner (uww (-25-%9

In May of 1985, a pressure test on a buried tank at the
Champion Missoula Sawmill resulted in the loss of
approximately 400 gallons (2,271 1) of leaded gasoline to
the Missoula Aquifer, a highly transmissive, glacio—alluvial
aquifer. Within ten weeks, domestic wells located in the
California Street area, 1200 feet (366 m) west and
downgradient of the spill site, had become contaminated with
benzene, toluene, and xylene (BTX). The spill occurred at a
time when the water table was at its highest because of
spring recharge from the Clark Fork River.

The goal of this study was to document the mxgration and
fate of the dissolved phase of a gasoline spill. I took
monthly water level measurements at 57 wells and obtained
seasonal water quality data for organic, inorganic, and
bacterial contamination. I used a two-dimensional ground
water flow model to determine the distribution of
transmissivity throughout the study area. I used a solute
transport model to compare the migration of a simulated
plume in the modeled flow field with the actual migration of
the BTX plume and to predict contaminant migration beyond
the time span of the study.

The ground water flow and modeling study revealed that BTX
migration from the spill site followed a northwest path that
appears to be controlled by zones of high transmissivity.
Though a downward gradient exists within the study area,
water quality analyses during my study showed no mixing of
the contaminant below the upper 25 saturated feet (7.6 m) of
the aquifer.

Over a two year period, BTX concentrations at the spill
well decreased by approximately 65%4. Water quality analyses
reveal that seasonal plumes of BTX are created as the water
table rises and contacts contaminated soil, but that
concentrations of the plumes are quickly reduced to near ar
below detection levels by the time the plumes have migrated
1200 feet (366 m) to the residential California-Montana
Streets area. This attenuation is a result of dispersion and
biodegradation. High levels of dissolved manganese and iron
in Champion monitoring wells and domestic wells immediately
off-site are associated with the BTX plume and are result of
oxidation of the hydrocarbons by bacteria.

ii
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It is the greatest fun to be bewildered, but only when there
lies ahead the sure certainty of having things straightened
out, and soon.

-~ Lewis Thomas
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INTRODUCTION

In May of 1985, the Champion International sawmill in
Missoula, Montana lost approximately 600 gallons (2,271 1)
of leaded gasoline to the Missoula Agquifer as a result of a
pressure test on a buried gasoline tank. The dissclved phase
of this spill contaminated domestic wells 1200 feet (3446 m)
downgradient of the spill site with benzene, toluene, and
the o, m—, p— xylenes (BTX). These lighter, non—-polar,
aromatic hydrocarbons are the more water—-soluble components
of gasoline.

This study was unfunded. Though it does not contain the
same degree of sampling density as other published studies,
my conclusions are supported by data collected on the
physical and bio-chemical aspects of the ground water system
and from the literature., This study is important because it
documents the migration and fate of dissolved gasoline in a
highly transmissive, gravel and cobble, water table aquifer.
Such an agquifer is typical of the valley fill aquifers found

in the west.

PREVIOUS STUDIES

Previous studies document the interaction between
organic contaminants and ground water, focusing on
attenuation by dispersion, sorption, and bio-chemical
processes. Dispersion cannot be predicted accurately because

of scale problems tetween lab and field experiments. But
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adsorption of an organic solute can be estimated with order
of magnitude accuracy, if the octanol-water partition
coefficient of the solute and the organic carbon content of
the 0.124mm size fraction of the aquifer are known (Newsom,
1985; Roberts et al., 1985; and Schwarzenbach and Geiger,
1985). For those aquifers in which the organic content is
less than 0.1%4 ({0.001 gram of organic carbon for one gram
of aquifer materiall), the sorption of an organic solute by a
mineral will depend on the surface area and nature of the
mineral surface (Schwarzenbach and Geiger, 1983).

Barker et al. (1987) conducted a study of the natural
attenuation of BTX in a sandy, unconfined aquifer and found
that the dissolved plume moved slightly slower than the
ground water flow because of sorption. The authors concluded
that attenuation was primarily by biodegradation, which was
controlled by the availability of dissolved oxygen, and that
the plume moved further and persisted longer in zones with
lower l=vels of dissolved oxygen. Bouwer (1984) and Wilson
et al. (1986) also emphasize that the availability of oxygen
is the controlling factor in the rate of aerobic
biodegradation of BTX.

Similar to Barker et al. (1987), The results of my
study indicate that attenuation of the BTX plume(s) is by

processes of biodegradation and dispersion.
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GOALS AND OBJECTIVES

This study began in July, 1986, one year after the
initial spill. My goals were to document the migration and
fate of the dissolved phase of a gasoline spill through a
highly transmissive, gravel and cobble, water table aquifer.
I planned to evaluate the migration of and mechanisms acting
to attenuate the plume. Water quality data had been
collected prior to this study. I used those data along with
water quality data collected during my study year to
interpret the bio—chemical aspects of attenuation. There was
minimal data on the physical system throughout the study
site, and therefore, my study emphasized the following

objectives:

1) To determine the flow of ground water
and characterize the stratigraphy of the
Champion—California Street area, and to
evaluate their effects on lateral and
vertical contaminant migration; '

(2) To determine the effects of recharge from
the Clark Fork River and irrigation
ditches on contaminant migration;

(3) To monitor water quality in selected
shallow and deep wells for BTX, bacteria,
and changes in water chemistry. 1 used
these data to trace the lateral and
vertical migration of the gasoline.

4) To develop a model of two—dimensional
ground water flow and solute transport
that reproduces field data and aids in
evaluating migration pathways. 1 used
the results of my modeling sfforts to
predict future contaminant migration
beyond the time span of the study.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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STUDY AREA AND HISTORY OF SPILL

Missoula, Montana is located in west—-central Montana at
the confluence of the Clark Fork and Bitterroot Rivers
(Figure 1). The city lies within a fault-bounded,
intermontane basin that receives an average annual
precipitation of 13 inches (33 cm). The city’s water supply
cecmes entirely from the Missoula Aquifer, which is
unconfined and composed of 100 to 150 feet (30-446 m) of
interlayered silts, coarse sands, gravels, cobbles, and
boulders.

The study area encompasses the Champion Missoula
Sawmill and California—Montana Streets neighborhood in
Missoula. This area is located along the southern bank of
the Clark Fork River between Orange and Russell Streets
(Figure 2). The Clark Fork River forms the northern boundary
of the study area, and the Missoula irrigation ditch forms
the southern boundary.

During April and May of 1785, residents of the
California—Montana Streets area reported petroleum like
tastes and odors contaminating drinking water supplied by
their domestic wells. A buried fuel tank, east of the area
at the Champion Missoula Sawmill, was a possible source of
the contamination. On May 17, 1985, a pressure test on the
buried tamk at the Champion site resulted in a blowout and
loss of approximately &00 gallons (2,271 1) of leaded

gasoline. Within one month, petroleum odors were detected in
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Figure 1: Location of Missoula, Montana (Clark, 1986).
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wells 1200 feet (366 m) to the west in the residential area
(J.R. Carr/Assocciates, 1983), and by July 26, 1985, samples
from nine domestic wells had measurable amounts of BTX.

A preliminary potentiometric surface map indicated that
all the contaminated wells were downgradient and in the flow
path of the spill site (Woessner, personal communication,
1986). Because of the nature of the site and amount of the
spill, active remediation efforts such as bioreclamation,
complete soil removal, and free product recovery were judged
to be inappropriate by state officials. Champion replaced
the nine wells that were contaminated with BTX, in addition
to seven others that the Montana Water Quality Bureau judged
to be at risk of future contamination (Figure 3).
Replacement wells were completed at a depth of 100 feet
(30 m).

After the discovery of the spill, Champion pumped the
remaining gasoline from the tank and removed the tank from
the ground. Examination of the excavated tank revealed at
least six pencil sized holes caused by corrosion and the
slightly larger hole created by the pressure test (Price,
personal communication, and Arrigo, 1986). The presence of
corrosionn holes and complaints by residents of poor water
quality in the springs prior to 1985 suggest that the tank

had been leaking prior to the investigation.
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HYDROGEOLOGY

The Missoula Aquifer 1is principally Pleistocene in age
and glacio—alluvial in origin. It is unconfined and composed
of sand, gravel, cobbles, and boulders with discontinuous
and interlayered silts and clays. Grain size analyses by
Elark (19846) on four samples of aquifer material collected
to a depth of 20 feet (6 m) indicate that the sediment is
poorly sorted, and that 0% of the sediment 1s coarse-sand
size or larger. Mean diameters of grains are in the coarse
to very coarse pebble range. The thickness of the sands and
gravels varies throughout the valley, but a well log within
the study area indicates that the base of the aquifer is at
least 140 feet (43 m) below land surface. The vadose zone is
typically Z0 feet (2 m) thick. The general ground water flow
direction across the valley is to the southwest with a water
table gradient of 0.0009 (Clark, 1986), but an initial study
by the University of Montamna in June, 1985 indicated that
flow in the study area is to the west—-northwest (Woessner,
personal communication, 1986).

Clark (1986) documented the Clark Fork River as the
principal source of recharge for the Missoula Aquifer. He
estimated that the river recharged an average of 346 million
gallons of water a day (1577 1/sec) to the agquifer along an
eight mile (13 km) reach. The water table fluctuates between
26—-36 feet (8-11 m) below land surface in the vicinity of

the spill site, with the lowest periods of the water table
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coinciding with low river stages in January, February, and
March and high periods coinciding with higher river stages
and maximum recharge in May and June (Clark, 1986). Clark
used aquifer tests, well log data, and permeameter tests to
estimate values for hydraulic conductivity, specific yield,
porosity, and transmissivity. These values are within the
ranges proposed by Fetter (1980) and Freeze and Cherry
(1979) +for aquifer material similar to the Missoula Aquifer

and are as follows:

Hydraulic Conductivity (K)
Specific Yield (Sy?
Porosity (n)
Transmissivity (T)

10,000 gpd/ft= (408 m/day)
10. 6%

192.7%

1,000,000 gpd/ft

(12,420 m=/day)

i

An approximation of the true velocity of ground water
low across the Missoula Valley can be obtained from the
above data using a water table gradient (i) of 0.0009 and
the equation:

K1) /n
10,000 gpd/ft= (,00069) /.197

45.68 gpd/ft= (1 ft= / 7.48 gal)
&.11 Ft/d (1.86 m/d)

vel

I believe this value of the true velocity to be a
minimum for the spill site area for reasons that I will

explain further in the discussion section of this study.

METHODS

I examined 40 well logs from the study area to
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correlate the stratigraphy beneath the spill site with that
of the residential area. In July 1984, 1 gauged the
irrigation ditches with a Price AA current meter to
determine if the aquifer was recharged with watér by leakage
through the ditch beds.

I took monthly water level measurements from July, 1986
to June, 1987 (except for August and December). Using a
steel tape measure graduated to hundredths of a feoot, I
measured water table levels in a network of 57 wells. I also
measured the stage of the Clark Fork River %rom the Champion
Railroad and Fussell Street bridges (Figure 4). Champion
monitoring sites 3001 to 3004 each contain a nest of two,
two inch stainless steel wells screened at different depths.
Domestic well sites 1020, 1008, 1014, and 1022 also contain
two wells; the original shallow wells, which were not filled
with cement to allow future sampling of water quality, and
the 100 foot replacement wells. I used the water table
measurements to construct potentiometric surface maps for
each month. However, to canstruct these maps from my field
measurements, it was necessary to adjust head data for wells
deeper than 60 feet (18 m) by +0.2-0.3 feet (+0.06 m). This
was to compensate for the water level differences between
shallow and deep wells. I determined the actual amount of
adjustment each month through consideration of the water
level differences between the shallow and deep wells for

that month (see Appendix A for amount of adjustments). In
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doing so, I contoured the potentiometric surface within the
S50-60 foot (15-18 m) level of the aquifer. This process
smoothed the contours of each month™s map.

I used water quality data collected by Champion and the
Montana Water Quality Bureau prior to June, 1986 to
supplement data collected during my study year. All sampling
and analyses procedures followed strict quality
assurance/quality control plans developed by the Water
Quality Bureau.

I directly participated in water quality sampling with
personnel from the Montana Water Quality Bureau and Champion
in November, 1986 and May, 1987 as part of those agencies’
quarterly sampling schedule. The November samples were
analyzed for levels of BTX, bacteria, total organic carbon,
and dissolved lead, and the May samples were analyzed for
BTX, bacteria, pheneols, and dissolved iron and manganese. On
both occasions, I followed standard E.F.A. quality assurance
procedures, as dictated by the Water Quality Bureau
personnel, for volatile organic and metal sample preparation
and preservation, sampling, and field instrument
decontamination. I obtained bacteria samples from stainless
steel bailers that were decontaminated in the field and
sterilized using a blow torch. Bacteria samples were
collected in autoclaved bottles to prevent field
contamination.

Water quality samples for organics and metals came from
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14
shallow and deep monitoring wells on Champion property and
from shallow (< 68 ft., (< 21 m)) domestic wells within the
California Street area. I based my selection of the domestic
wells on availability of the well and its past risk of
contamination by BTX. Bacteria samples came from Champion
monitoring wells, and on one occasion, from a well located
upgradient in McCormick Park. 1 evacuated at least three
well volumes by bailer or by pump prior to sampling any
well. Dissolved oxygen levels were measured in evacuated
well bores with a YSI Model S54A oxygen meter. After
sampling, I calibrated the meter in the laboratory by
titration and made any necessary adjustments to the field
data.

The Montana Water Quality Bureau Lab in Helena analyzed
water quality samples for organics and metals using standard
procedures, and Amatec Laboratories in Billings, Montana
analyzed bacteria samples. A complete list of sampled wells
and well depths is located in Appendix B.

I combined water table measurements with river stage
measurements to calibrate a two-dimensional ground water
flow model (PLASM, Prickett and Lonnquist, 1971). 1 adjusted
hydraulic conductivity and river leakance values (Clark,
1986) within zones of the model until the distribution of
simulated head values matched actual field head data. I
applied this same method of forward modeling to a two—

dimensional solute transport model (Randomwalk, Frickett et
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al., 1981). Default values of aquifer properties for these
models came from Clark (1984) and data from water quality

sampling.

RESULTS
Stratigraphy

In order to characterize the stratigraphy beneath the
study area, I 2xamined well logs from the new, 100 foot (30
m) domestic wells. Figure 5 is a cross section from Champion
monitoring well 3001 to domestic well 1016-D. It is based on
a composite cross section of the Champion wells logged by
J.R. Carr/Associates (1985) and the logs fram the new
domestic wells. The stratigraphy beneath the study area, to
a depth of S50 feet (15 m) or greater, is described by the
drillers as predominantly "loose" sand, gravel, and
boulders. Below this upper zone, there is a 10-20 foot (3-6
m) thick layer of "tight" sand and gravel. I interpret
"tight" to imply a higher content of clay and silt, because
this layer corresponds with a clay, sand, and gravel layer
that occurs at about 75 feet (23 m) below land surface on
Champion property. At well 1003, this laye+ is about 37 feet
(17 m) below land surface. It becomes deeper further west.
Zones of silt, fine grained sand, and gravel are
interlayered in the upper interval of coarse sand and
gravels, especially north of this line in the vicinity of

wells 1022-1024 and 1020-1021, but they appear to be
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17
laterally discontinuous. Both the "tight" and "loose" gravel
intervals are water bearing.

The gasoline spill seeped into the "loose" gravel
interval beneath Champion property (well 3002). Because of
the lack of shallower intervals of clay, sand, and gravel,
the dissolved plume migrated with the ground water flow into

the residential area.

Seepage 5S5tudy

In an attempt to assess how irrigation ditches affected
the ground water system, I conducted seepage studies of the
two ditches in the study area. The Missoula ditch flows
southwestward along the southern boundary of the Champion
yard at about 63 cubic feet per second {(cfs) (1.78 ecms), or
three times the rate of the Orchard Homes ditch (Fiqure 2).
The latter flows westward through the spill site and
residential area at 16 to 21 cfs (0.45-0.60 cms). The
headgates of both ditches lie on the Clark Fork River to the
east of the study area, and they remain open from early
spring to fall. The beds of the ditches consist of fine to
coarse sand, gravel and cobbles and are perched above the
water table by approximately 25 to 30 feet (8-9 m).

I gauged the Orchard Homes and Missoula ditches in
July, 1986 to determine whether a significant amount of
leakage (>S54 of flow) was occurring through their beds. 1

was able to determine significant leakage for only the
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18
section of the Orchard Homes ditch which runs through

Champion property (Table 1).

Table 1: Results of streamgaging Orchard Homes (OHD) and
Missoula (MD) ditches, July, 1984. See Figure 4 for site

locations.
LOCATION DATE INFLOW/OUTFLOW cfs ZCHANGE
OHD—-sites A/B 7/717/86 21.05/17.34 17.6
OHD—sites C/D 7/22/864 16.52/16.32 1.2
MD-sites E/F 7/719/84 6£2.90/59.80 4.9
MD—sites E/F 7722786 &54_59/68.14 5.5

Ground Water Flow

The monthly water level measurements from the two
groups of nested wells (Champion wells 3001-3004 and
domestic wells 1020,1008,10146, and 1022) provide evidence
for a downward flow gradient throughout the study area
(Appendix A). Well 3001 exhibits an upward gradient and is
the exception. The yearly averages of the water level
differences between the shallow and deep wells of each
nested well (Appendix A) indicate that water levels are
approximately 0.23-0.34 feet (0.07-0.10 m) higher in the
shallower wells. These differences translate into a vertical
component to the flow gradient that ranges from 0.004 to
0.01, depending on a well’s location in the aquifer. This
range of values is one to two orders of magnitude greater
than the horizontal component (approximately 0.0007). High
monthly differences coincide with those months when there is

an increased rate of recharge from the Clark Fork River to
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the ground water system (May and June).

The monthly water table maps show that ground water
flow is to the northwest from the spill site through the
residential area (Figure & and Appendix A), and that beyond
Russell Street, the flow direction turns to the southwest.
The northwest flow path remains consistent throughout the
seasons as the water table fluctuates between 27-37 feet (8-
11 m) beneath land surface at the spill well, 3002. The
horizontal component of the flow gradient is small,
approximately 0.0007 between well 3002 and well 1013 (Table
2), and seascnal variations are interpreted to be a result
of varying r=2charge rates from the Clark Fork River (Clark,

1986) .

Table 2: Horizontal gradients between wells 3002-D and
1013 from July, 1986 to June, 1987.

July - L0006 February — .00067
September— .0007 March - 0007
October - .0008 April - 0006
November - .0007 May - Q006
January - .0008 June - 0007

The northwest direction of ground water flow through
the study site differs Ffrom the southwest direction across
the valley determined by Clark (1986). I believe that the
northwest direction is a result of higher transmissivities
along the river. To test this hypothesis, I developed a two-
dimensional model of ground water flow.

I used FLASM (Frickett and Lonnquist, 1971) to
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reproduce the monthly potentiometric surface maps that I
constructed from monthly water level measurements. 1
calibrated a steady-state and a transient flow model. The
steady—-state model reproduced water levels for July, 1986,
and the transient model reproduced monthly water levels from
July, 1986 to June, 1987.

My PLASM model is developed around a 22x17 grid with
variable spacing, which encompasses a field area of
approximately 6640x4260 feet (2024x1298 m) (Figure 7). The
northern and eastern boundaries represent the Clark Fork
River, and the southern boundary is a no—flow boundary
parallel to ground water flow. The western boundary is a
constant head boundary determined by equipotential lines
from the monthly potentiometric surface maps.

Calibration of each transient run involved eleven
monthly time steps of 30.33 days, and began with the steady-
state head array generated for the month of July, 1986.
Monthly stage and water level values for the Clark Fork
River and constant head boundary nodes were input prior to
each time step. I based these values on field data. Model
parameters that remained constant during steady—-state and
transient runs were specific yield, porosity (Clark, 1986),
and aquifer thickness. The latter value came from a well log
for 1020-D.

. 106

- 197
140 ft. (43 m)

specific yield (Sy)
porosity ((n)
aquifer thickness (b)

i
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Hydraulic conductivity () and leakance were the only
model parameters that I was able to adjust in order to
calibrate the model. I chose a conductivity value of 10,000
gpd/ft= (408 m/d) as a default value for my model (Clark,
1986). Leakance through the bed of the Clark Fork River is
the sole source of recharge in the model. I chose leakance
values within the range determined by Brick (1987), and
adjusted these values for river nodes prior to each monthly
time step during transient simulations. A leakance value of
1.00 gpd/+t= (0.0015 1lps/m>) produces a flow of 8.43 x 10%
gpd (370 1/s) through the model riverbed area. This is 41%
higher than the average daily flow determined using Clark’s
(1986) estimated recharge value of 36 million gpd (1577 1/s)
(see Appendi: C for computation). Monthly leakance values
(gpd/+ft=) for the Clark Fork River that best reproduced the

field data are as follows:

July - 1.10 January - 1.00
August - 0,925 February - 0.95
September - 0.95 March - 0.95
October - 0.90 April - 1.03
November -~ 1.00 May - 1.25
December - 1.00 June - 1.15

I was able to reproduce the monthly flow fields for the
period of my study most accurately with the K distribution
in Figure 8. The modeled conductivity across the study area
ranges from a high of 70,000 gpd/ft=® (2856 m/d) adjacent to
the river to lows of 1,000 and 2,200 gpd/ft= (430.8 and 90

m/d) to the west and southwest of the study area. K values
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within the spill site are as high as 35,000 gpd/ft= (1428
m/d). Figure 9 is the modeled flow field for October, 1986.
It is very similar to the actual flow field (Figure &), and
it is typical of the other seasonal maps. The modeled flow
maps, monthly head arrays generated by PLASM, and a summary
of my methods of calibration are located in Appendix C.

I believe that my ground water model reproduces the
flow regime that existed within the study site during my
study. I do not suggest that the distribution of K zones in
Figure 8 is factual, but that there are zones of higher
transmissivities near the river, and that transmissivities
decrease to the southwest. This model documents three other

aspects of the flow regime:

(1) Ground water flow through the spill site
is to the northwest. South of the spill
well, flow is to the west-southwest.

(2) Highest recharge values occur during
periods of highest river stage.

(3 Mounding of the water table beneath the
Clark Fork River is less than 0.3 feet

(0.09 m) higher than the water table
beneath its banks.

In order to determine how well my model of ground water
flow reproduced the actual flow field, I used Randomwalk
(Prickett et al., 1981) to model contaminant migration from
the spill well through the California Street area. This two-
dimensional solute transgport model uses a statistical

randomwalk approach to model solute dispersion. The
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"discreet"” version of this model uses the monthly head array
files created by FLASM as input for aquifer properties and
to also determine velocity vectors between nodes. The
velocity vectors are then used to determine the migration
direction of the soclute plume.

I could not calibrate this model because concentrations
of BTX throughout the study area, prior to the beginning of
this study, were not known. Therefore, 1 used this model
only as a means of tracing the migration of contaminant
particles as determined by the velocity vectors of my
modeled flow field. I based my estimates of dispersivity and
retardation {Appendixx C) on time constraints for the
migration of the plume and on work by Northern Engineering
and Testing (1986, 1987). Figure 10 illustrates the areal
extent of a contaminant plume under the simulated flow field
conditions from May to August, 1986. The plume is very
similar to the actual plume configuration for the summer of
1985 (Figure 11). Within four months of the spill, the plume
has migrated along a northwest path and into the residential
area. There, it is affected by the zones of high
transmissivities along the river. The arm of the plume that
extends due west (across Russell Street) is located in the
field between Idahe and River Roads (Figure 2).

This version of Randomwalk does not account for the
degradation of the contaminant particle, only retardation.

This results in simulated contaminant levels persisting over
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a broader area of the study site and at much higher levels
than field data. Also, longitudinal and transverse
dispersion are modeled as constant parameters. It would be
more realistic if these properties increased asymptotically
(Prickett, personal communication, 1988). This would result
in a narrower plume configuration on Champion property,
which is observed in field data. However, the simulated
northwest migration of the contaminant indicates that the
modeled flow field approximates actual field conditions, and
that there i1s a wide range of transmissivities across the

study area.

Water Quality

In order to characterize the water gquality of the study
area, it was necessary to document the background levels of
inorganic and organic parameters. These data would be used
to delineate the areal extent of the BTX plume(s) (Figure
11) and to investigate other bio—-chemical parameters
associated with the fate of the plume(s). Numerous analyses
were conducted to accomplish this goal. What follows is a
summary of those analyses (Appendix B).

Inorganic analyses conducted by the Water Quality
Bureau in April, 1986 show that the ground water within the
study area is rich in calcium—magnesium—bicarbonate with a
hardness (as CaCOs) that is typically less than 185 mg/l.

Chloride levels are below 6 mg/l and sulfates and nitrates
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are less than 30 mg/l and 0.8 mg/l, respectively. These
values are well within drinking water standards. Background
levels of inorganics and metals throughout the study area
are within background levels for the Missoula Valley, as
determined by Clark (1986).

The inorganic analyses also indicate that the water
quality of wells along River Road (1035-1037) is different
from the water quality of wells throughout the California
Street area. The elevated levels of chlorides (>9? mg/1l),
sodium (>8 mg/1), and potassium (>2 mg/l) in wells 1035-1037
may indicate that private septic fields are influencing
water gquality.

Table 3 is a summary of total BTX levels in wells in
the study area from May, 1985 to May, 1787. Wells are
arranged in downgradient order, beginning with the spill
well 3002-5,D. A significant point from Table 2 is that BTX
was present in the aquifer before the spill on May 17, 1985.
Well 1006 had detectable concentrations of BTX on May 21,
1985, four days after the spill. This well is more than 1200
feet (366 m) downgradient from the spill site. If ground
water velocity is estimated at 6 ft/day (1.8 m/d) (p. 10},
the center of the plume would have migrated about 24 feet
(7.3 m) in four days. Thus, the dissolved plume released May
17 was not the source of the BTX discovered in well 1004,
However, because of its corroded state, the gasoline tank at

the spill site remains the most likely source of the BTX
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Table 3: Suseary of total BTY levels fug/l) from May, 1985 to May, 1987

Wwell Dater  §/Z1/8 7/18/8% 7/26/85% 6/18/83% 9/18/85 10/1/85 4/3/95 &/7/86  11/B6  5/87

3002-§ “ 14200 14820 9030 1230 W7 47
3002-D M {1 A ¢! {
3091 {1 4 $! 8t
3003-5 Y 62 {1 3 7! 4
3003-D {1 {1 i1 {d 8!
1002 220 142 205
1003 I {1 45
1004 251 79 {1
1605 {1 1 8 {1
1006 248 {1 {4
1007 88 8 a {1 8!
1008-5 Z {1 a1 9 8!
1007 63 1 {1 o
1018 ‘1 A i {1
16208 241 % {1 3 4
1021 278 2 8
1022-8 ¢ ol ! 1
637 { d

$ - Quality control in iab is suspect for these znalyses
BTX data prior to 11/86 is compiied from surmary in Appendi: B

Organic analyses for wells 1018 and 1037 on 8/87 are located in Appendis B
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discovered in study site wells.

Table 3 also reveals several trends in water quality.
One is that the water quality in the deeper monitoring wells
on Champion property (3002~-D, 3003-D, 3004-D, 3091) is
markedly better than that of their shallower counterparts.
The deepest well in which BTX was detected was 3091. This
well is 650 feet (198 m) downgradient of the spill site and
&7 feet (20 m) below land surface. BTX levels were recorded
only once during the 2/18/85 sampling, indicating the
downward component of the flow gradient is capable of mixing
the BTX plume within the upper 37 saturated feet (11 m) of
the aquifer. During my study year, water quality analyses
showed mixing only within the upper 25 saturated feet (8 m)
at well 1020-5.

The second trend is that BTX levels decrease
downgradient from the spill site. This is to be expected.
The third trend is that BTX levels vary seasonally. This
seasonal variance in BTX concentrations is a result of
seasonal water table fluctuations, and it indicates that
residual saturation persists in the vadose zone. This
seasonal variance is illustrated in Figure 12, which
compares hydrographs of wells 3002-5,D (from July, 1986 to
June, 1987) to BTX levels at 3002-S (from August, 1985 to
May, 1987).

Champion conducted an EPA priority pollutant scan on

wells 3001-5,D, 3003-5,D, 3004-5,D, and domestic well 1005
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in April, 1986 (spill site well 3002-5,D was excluded) to
document whether other contaminants were present on the
Champion site. The scan analyzed for 36 volatile compounds,
46 semivolatile organic compounds, 11 phenols, pesticides,
polychlorinated biphenyls (PCBs), and 22 total metals (see
Appendix B). All organics in these five wells were below
analytical detection limits, but total metal levels in wells
3001, 3003, and 3004 for iron and manganese exceeded
drinking water standards of >0.3 mg/1 and >0.05 mg/1
respectively (Table 4).

During my study year (July, 1986 to June, 1987),
resideﬁts at wells 1005, 1018, and 1037 continued to
complain of poor water quality even though contamination by
BTX had not been documented during the first year of
monitoring water gquality. Though wells 1005 and 1018 are
located within the contaminated area of the study sitg
(Figure 11>, available information indicated that they were
deeper than the contaminated wells. From replacement well
chemistry, 1 believed that the depth of these two wells
prevented their contamination. The November, 1786 sampling
failed to show BTX migration beyond well 1020-5 (Table 3).
Therefore, my later sampling of 1005, 1018, and 1037 in
April and May, 1987 encompassed other parameters that I felt
could be causes of the poor water quality in these wells
(Table 4). I was particularly interested in documenting

levels of total phenols and dissolved iron and manganese
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Sample
Date Well#

4/86*%001~8
7001-D

10055
003D

20045
3004-D

1005
11/86 McFark

I002-5

H003%~5

4/87*1018
1037

5787 HMoPark
I001-5

2002 -9

TOOZ-D
RO

T00%-5
200%-D

ElaYs oy
T504-3

0G4 -D

1018
1020-5
10075
16235

10%7
Hetal

*¥-- Metal

Table 4:

(ua/1)
Total
Fhenol

TrY el
o LMY

L 004

analwses

Fhenols, metals, and bacteria levels
from April, 1986 to May, 1987

{mg/1) (mg/1)
Racteria dissolved
Fe Mn #/100 ml oxygen

.44 1.10

17,10 .02

= [
[ -E-J

Fadd 22

1.67 =83

230
2205#C7000
220802100

<5l #.1% see Appendix B for complete
1.07 S ot list of organics

. 18 e 305
. 04 0% 2.5

1.14 10.1 FOON0 .
.01 01 T 400

S O |

o
L ]

Db O

.01 S22 D&0O0 3.8

Q4 27 A5G0 2
AL0Q00 A

=21 LT

15 .78

.01 . 005
04 L D00 2a2
1

far 4786 are for total iran and sanganegse

analyses for 4787 are for total irvron and aanganese,
by Energy Leboratories, Biilings, Mt.3 Organics and phencls

uy Lancas

ot g

L.z

boratories, Lancaster, Fa,
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upgradient, on-site, and downgradient of the spill site.
FPhenols could be responsible for complaints of skin and eye
irritation from residents of wells 100% and 1037 (Fessenden,
personal communication, 1987), and higH levels of the metals
could be responsible for poor taste and ocdors in wells 1018
and 10Z7. In addition to these organic and inorganic
parameters, [ continued to sample bacteria populations at
select wells on Champion property to supplement November
analyses. I would use the bacterial analvses to document
oxidation wuf the hydrocarbons.

Bacteria was the only parameter in Table 4 sampled on a
gseasonal basis. Analyses indicate that an indigenous
population of bacteria (Appendix B) exists within the upper
10 saturated Feet (3 m) of the aguifer Deneath Champian, arnd
that bacteria levels fluctuaste seasonally and decrease
downgradient iy an order of magnitude from well Z002-5 to
IOOI-8 (Figure 13). These trends are similar to the BTX
trends in Filigure 12.

The levaels of dissolved iron and manganese across the
Missoula Yalley are below drinking water standards and
usually below analytical detection limits. But levels of
these metals are close Lo or above drinking water standards
Champion’s site and immediately off-site at wells 1018 and
10208 (Figure 14). Levels upgradient at well McFark and
downgradient at well 1022-% are within background levels for

the Missoula Valley. fAs in the water guality analyses for

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwiad noyum pangiyold uononpoidas Jeyund “Jaumo WBLAdoo ay; Jo uoissiwiad yum pasnpolday

Bacteria Population (#.-100 ml)
(Thousands)

70

80 -

30 -

40 -

20 -

10 -

Lo

/%

T

McPark

[ZZ] November, 1988

3-3002 3-3003

Wslls

RN May, 1987

Figure 13: Bacteria population across Champion site in November,

1986 and May,

McCormick Park.

1987; McPark is upgradient well located in

8%



‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

Concentration of Metals {(mg."1)

1: //
, .

Z\Z/ 7/

S-3001

Figure 14: Concentrations of dissolved manganese and iron across

the study area, May,

S-3002 $-3003 1018

Wells
7] Mn RN re

1987; concentrations in mg/1 (ppm).

S-1022

&&



30

BTX (Table 3), metal analyses indicate that the water
quality of the deeper wells on the Champion site is better
than the water quality of the shallower wells.

Fhenol analyses for the 5/87 sampling indicate that
detectable levels of phenol exist across the entire study
area (1 to 74 ug/l) and are not restricted to Champion
property. These analyses are inconclusive because background
levels are not established.

Of the three wells (1005, 1018, 1037) with poor water
quality for which I had hoped to find elevated levels of
either dissolved metals or total phenols, only well 1018 had
elevated metal concentrations. Concentrations of metals and
phenols in welis 1005 and 1037 are near or below analytical

detection.

DISCUSSION
Ground Water Flow

Fotentiometric maps of monthly water level measurements
show that ground water flow is to the northwest from the
spill site, and that the flow turns to the southwest towards
the western and southern margins of the study area. The
northwest flow pattern is a result of higher
transmissivities along the river. The closeness of
potentiometric lines to the west and south of the study area
(Figure &) indicate steeper ground water flow gradients and

thus lower transmissivities.
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There is insufficient well log data along the river and
to the south of the study area to support my belief that
transmissivity varies between these areas. Specific capacity
analyses from well logs are inconclusive, and therefore it
is impossible to determine hydraulic conductivity values
from the logs. However, there is no other way to reproduce
the head distribution with ground water modeling unless
transmissivities decrease southward from the river. The
conductivity values that I used to calibrate my flow model
all fall within the range for silty sand and gravel (Freeze
and Cherry, 1279). 1 believe that an increase in the silt
and Fine sand content of the aquifer is responsible for
lowering the transmissivity of the aquifer to the southwest
of the study area.

It is hard to contour the potentiometric surface from
the study area to beneath the river and north of the river
because of a lack of wells. Simulated monthly head levels
(Appendix C) indicate that a water table mound beneath the
river is rarely 0.3 feet (0.09 m) higher than the water
table in wells located adjacent to the river. Though the
gradient from the mound to the bank is one order of
magnitude greater than the horizontal component of the flow
gradient, I do not know whether the mound is significant
enough to act as a hydrologic divide and thus prevent ground
water flow in the study site from flowing northwest beneath

the river (or southwest beneath the river from the north).
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The height of the mound has strong implications on the
quality of water available to the residents of River Road in
the study area. A higher mound would dictate that river
recharge strongly influences their water quality. A lower
mound would make it possible for ground water flow from the
Champion site to affect the water quality of their wells,
Because the height of the water table mound beneath the
river appears to be small, I believe that the height of the
mound created by recharge through the Orchard Homes ditch is
insignificant. I do not believe that recharge through the
ditch bed affects the migration of the BTX plume outside of
Champian property. The similarity in monthly water level
fluctuations in shallow and deep wells indicates that the
tight layer of sand and gravel does not act as a continuous
confining layer, and that the aquifer behaves as an

unconfined systeam.

Fate of the Dissolved Gasoline Flumes

It is difficult to determine the rate of contaminant
migration and the degree of dispersion of the dissolved
plume(s) since the initial spill in May, 1985. BTX levels in
well 1006 on May 21, 1985 and petroleum odors in domestic
wells as early as the fall of 1984 (personal communication
with residents) are clear indications that gasogline was in
the aquifer prior to the spill in May. Domestic wells in the

California Street area were not consistently sampled during
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the summer of 1985, so a background level of organics was
not established. A lack of monitoring wells north of the
Orchard Homes ditch on Champion property and in the field
between Idaho and River Roads (Figure il) prevents
determining the northern extent of any BTX plume.

Some residents who complained of poor water quality in
the spring of 1985 noticed that petroleum cdors and tastes
became worse after the May 17, 1985 spill. If the BTX
concentrations measured in domestic wells on 7/26/85 (Table
3) are a result of the May spill, then BTX migration from
the spill site must be 15-20 ft/day (4-6 m). 1 assume that
the dissolved plume migrates at ground water velocity,
because total organic carbon levels appear to be extremely
low (Appendix B) and the bulk of the aquifer material is
well above €.125mm in size (Clark, 1986). These are
important factors in adsorption of organics (Mewsom, 19835;
Roberts et al., 1985; and Schwarzenbach and Geiger, 1983).
This rate of flow is possible if the transmissivity of the
aquifer is on the order of 5,000,000 gpd/ft (62,090 m=/d) in
the vicinity of the spill well. In order to calibrate the
flow model, it was necessary to assign a transmissivity of
4,900,000 gpd/ft (60,830 m=2/d) to this area {(K=35,000
gpd/ft= (1428 m/d) - Figure B). 1f the average conductivity
of the aquifer is 10,000 gpd/ft=2 (408 m/d), then ground
water flow velocity from the spill well to the residential

area can be bracketed between an average of & to a maximum
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of 20 ft/day (1.8-46.0 m/d). I believe that the actual
velocity is closer to the upper end of this range.

BTX sampling in 1986 and 1987 (Table 3) indicate that
gascline contamination persists in the vadose zone beneath
the spill site and that dissolved plumes of higher
concentrations continue to flush through the system in the
spring. These seasonal plumes occur when the water table
rises and contacts a larger volume of contaminated soil
(Figure 12). However, BTX concentrations at the spill well
decreased by approximately 657 between July, 1985 and May,
1987. Though part of this decrease is due to the water table
never fully recovering each spring, much of the attenuation
is due to such natural processes as biodegradation and
dispersion.

BTX concentrations at the spill well, 3002-5, decreased
throughout the summer of 1985 but remained an order of
magnitude greater than concentrations in domestic wells
located 1200 feet (366 m) downgradient (Table 3 and Figure
11). This trend in the order of magnitude decrease of BTX
concentrations remained consistent during my study year.
This indicates that the bulk of the plume(s) was attenuated
before reaching the residential area. If this degree of
attenuation was produced by dispersion, then the high
transmissivity of the aquifer should maximize longitudinal
dispersion as opposed to transverse dispersion, and in fact,

this is what occurs as illustrated in Figure 11. Large
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longitudinal dispersion should result in higher levels of
BTX contamination in the residential area within months of
the spill as the core of the dissolved plume moved through
the area (Figure 10). Yet decreasing BTX levels throughout
the summer of 1985 do not document the passing of a core.
Therefore, I believe biodegradation played a significant
role in attenuating the BTX plume.

Analyses on 11/86 and 5/87 (Table 4) show that an
indigenous population of bacteria exists on Champion’®s
property. The order of magnitude increase in the bacterial
population at the spill well 3002-S (Figure 13 and Appendix
B) suggests that the bacteria are able to utilize gasoline
as a food source. I believe that a population of bacteria
within the upper 10 saturated feet (3 m) of the aquifer,
possibly one to two orders of magnitude greater than what
was detected by my study methods, was acclimated to the
presence of BTX prior to the May spill. I believe that the
bacteria were able to significantly degrade the contaminant
plume so that with dispersion, the concentration of the
plume was reducs=d by an order of magnitude by the time it
had migrated 1200 feet (366 m) to the residential area.
Shelton (personal communication, 1988b) concurs that such a
rate of degradation is possible within the study area.

I believe that the high levels of dissoclved iron and
manganese beneath Champion and immediately off-site at wells

1018 and 1020 (Table 4 and Figure 14) are a result of
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446
reducing conditions in the aquifer created as bacteria
oxidize the BTX plumes (Freeze and Cherry, 1979 and Appendix
D). Ground water beneath Champion is aerated. Levels of
dissolved oxygen are between 2 and 4 mg/1 (Table 4). But I
believe that in order to sustain biodegradation of the BTX,
bacteria fulfill their increased oxygen needs by reducing
iron and manganese oxides. This process provides the
necessary oxygen for aerobic degradation of the ETX and

results in reduced and more soluble metal species.

Fotential for Future Contamination

I.believe that the northwest migration path of the BTX
plumes remains consistent to the present, and that future
plumes will continue to migrate along a northwest path that
will carry them under the field between Idaho and River
Roads. Assuming no more spills, I do not believe that future
plumes present a health risk to the residents of the
California-Montana Street area because, during my study,
maximum BTX levels off-site pof Champion property have been
at such low levels that advection and dispersion would
quickly reduce a plume to below detection levels. Also, well
intakes are all deeper than 68 feet below land surface (21
m), and my data indicate that water quality remains
excellent deeper than 25 feet (17 m). It is possible that
the vertical component of the ground water flow gradient may

mix the dissolved phase of a gascline spill to at least a
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depth of 67 feet (21 m), which occurred in the summer of
1985 with well 3091, but I believe that the layer of clay,
sand and gravel beneath the study area (Figure 5) would
adsorb the contaminant and lessen the chances of mixing to a

greater depth.

CONCLUSION

The gasocline spill at the Champion Missoula Sawmill in
May of 1985 still persists within the Missoula Aquifer three
years later. Dissolved gascline plumes continually flush
through the spill site, but concentrations downgradient of
the spill well are below detection until spring and sarly
summer. During this time of year, the water table across the
Missoula Valley is rising from recharge by the Clark Fork
River. As the water table rises, it contacts a larger volume
of contaminated =zoi1l and creates dissolved plumes with
higher BTX ccncentrations.

Migration cof the plumes is to the northwest as a result
of highly transmissive aquifer zones along the southern bank
of the river that act as conduits for ground water flow.
Vertical mixing and adverse effects to water quality are
restricted to the upper 37 saturated feet (11 m) of the
aquifer. Total BTX concentrations over this three year time
period have decreased by approximately 654 through
dispersion and advection by groundwater flow and by

biodegradation carried out by the indigenous population of
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bacteria.

Increased levels of hydrocarbons support larger
populations of bacteria across the Champion site. Oxidation
reactions, which are enzymatically catélyzed by hydrocarbon
degrading bacteria, have produced a reducing environment
beneath the spill site and reduced manganese and iron
metallic oxides. Elevated levels of both metals appear in
monitoring wells 3002-8 and 3003-5 and domestic wells 1020-S
and 1018, with manganese consistently above drinking water

standards.
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RECOMMENDAT IONS

Mr. Brandt, owner of well 1005, still complains of
periodic petroleum odors in his water. This well, located
within the boundaries of the contaminant plume that migrated
through the California Street area in the summer of 1985, is
the only original well still in use along the northwest
migration path. It was never replaced because the presence
of BTX could never be documented. At the time of my study, I
believed that well 10035 was 84-100 (30 m) feet deep, and at
that depth, I did not believe that Mr. Brandt’s water
quality was affected by BTX contamination. However, in May,
1988, 1 discovered well lcg data for this well that
indicated a completed depth of only 68 feet (23 m). I was
also unable to pass a tape measure past a depth of 51 feet
(15 m) C(mnost likely due to the pump). A review of water
quality analysess for the summer of 1785 indicates that well
1005 was not sampled until September, 4 months after the
spill, at a time when BTX concentrations were diminishing
across the study area. Given the depth of this well and its
location within the contaminated zone, I believe that it may
have been contaminated during the summer of 1985 and that
repeated attempts to document organic contamination have
failed because of inappropriate sampling frequency and
diminished BTX concentrations. As a result of these new
data, I recommend well 1005 be included in the group of

wells replaced by Champion as a result of the May 1985
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spill.

Water quality at well 1037 (Mrs. Chaussee) remains
poor. Water samples from this well have a "rotten egg" smell
that I associate with H=5. Her poor water quality has
persisted throughout my study, and Mrs. Chaussee claims that
it began after the spill in May, 1985. 1 could not document
organic or metallic contamination. In May, 1987, I noticed
the smell in well 10Z6 (Mr. Rice), and in May, 1988 the
smell had returned to this well. Though water quality for
some wells along River Road is poor, I can notrdeFinitely
relate the problem to the May 17, 1985 Champion spill. I
believe concentrations of BTX plumes three years after the
spill should be insufficient to contaminate wells 2200 feet
{750 m) downgradient and support bacterial growth (Newsom,
1986). I recommend four steps: 1) investigate other sources
on Champion that are nearer the river (if they exist), 2)
investigate ths auto paint shop located T00 feet (100 m?
east of wells 1037 and 10346 (in the field between River and
Idado Roads), 3) tracer tests be conducted on septic fields
in the River Road area, and 4) bacterial analyses be
conducted on those wells with H=5 odors.

Documentation of the dimensions of the dissolved plume
beneath Champion are not possible because of a lack of
monitoring wells north of the Orchard Homes ditch. Placement
of multiple level sampling wells north of the ditch on

Champion property and in the residential area would provide

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



evidence for the northern extent of the plume and document
its presence in the River Road area. The possibility of
excavating and removing the remaining contaminated vadose

zone material at the spill site should be explored.
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WELL INVENTORY

Well No. Owner/Address Surveyed Elevation (ft.)
3001 Champion International 3177.80
3002 Champion International 3175.78
3003 Champion International 3170.95
3004 Champion International 3173.88
3091 Champion-Factory 3174.15
3092 Champion—East Scales 3179.08
3093 Champion—-Timberlands 3173.37
McPark Missoula—McCormick Park 3175.78
1001 Williams—-210 N. California 3172.36
1003 Worth—-1136 Montana 3169.02
1004 Veitenheimer-1138 Montana 3169.63
1005 Brandt-1200 Montana 3164.27
1006 Ibey—-1203 Montana 3168.83
1008-S Larson-1228 Montana 3162.76
1008-D Larson—-1228 Montana 3168.93
1009 Thrasher—-1244 Montana 3169.08
1010 Matye-1301 Montana 3155.43
1011 Damron—-1011 Montana 3168.85
1012 C.R.Price-1330 Montana 3167.99
1013 Beckwith-1332 Montana 3159.71
1014 Earling-1345 Montana 3172.61
1016-5S Boschert—-1400 Montana 3163.98
1016-D Boschert~1400 Montana 3170.72
1017 Bert's Repair-1414 Montana 316%9.11
57
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WELL INVENTORY

Well No. Owner/Address Surveyed Elevation (ft.)
1018 Rose-1127 Idaho 3161.61
1020-S Chaussee-1131 Idaho 3170.66
1020-D Chaussee—~1131 Idaho 3170.17
1021 Bowers-1205 Idaho 3169.22
1022-S Ritchlie—-1309 Idaho 3169.04
1022-D Ritchlie-1309 Idaho 3169.56
1023 Thornburg-1311 Idaho 3167.84
1024 Anderson-1321 Prince 3167.93
1025 Car Lot-Idaho and Russell 3160.36
1026 ‘ Fred's Car Wash-321 N. Russell 3170.73
1027 TownPump-Idaho and Russell 3171.17
1029 Cotta-1509 River Road 3167.82
1030 Cotta-1509 River Road 3167.29
1034 Patton—-401 California 3161.42
1035 Might-1201 River Road 3161.88
1037 Chaussee—1319 River Road 3160.22
1039 Pederdon-1321 River Road 3166.64
1040 OK Corral Bar—407 California 3168.37
1041 Olsen~1268 South 1lst West 3168.31
1042 Neal-1613 Montana 3169.81
1043 Sticht-217 Catlin 3167.79
1044 Green-1629 Idaho 3166 .40
1045 Malcom-1931 River Road 3161.63
1046 Siegford-1822 Hunton Lane 3163.66
58
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WELL INVENTORY

1047 Western Mtn. Clinic-501 Front  3195.97

1048 Rancho Motel-1010 W. Broadway 3179.58
Ditches Location Surveyed Elevation (ft.)
D-1 small walk bridge over 3175.22

Orchard Homes Ditch,
inside east gate of Champion
vyard, measured to blue arrow

D-2 car bridge over Orchard 3170.08
Homes Ditch, west side of
Champion yard, measured to
blue arrow on west side

D-3 Orchard Homes Ditch head- 3169.24
gate, west side of Champion
vard, measured to blue arrow

D-4 Orchard Homes Ditch culvert, 3168.21*
Idaho and California Streets,
measured to top of concrete
on west side

D-5 Orchard Homes Ditch culvert, 3168.25
Russell Street, measured to
blue mark on lower lip of
steel on east side

D-6 Missoula Ditch culvert, 3188.21
southeast side of Champion
vard beneath railroad track,
measured to top of concrete
on west side

D-7 Missoula Ditch culvert, 3176.34
California Street, measured
to top of north culvert on
west side

* . gurveyed elevation is probably inaccurate

59
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Unadjusted Monthly Water Level Measuresents froe Monitoring Progras
Chaspion Missoula Sawsill Spill - July, 1986 to June, 1987

NELL & MONTH> JILY  SEPT, oCT. NV JN.  FEB. MR, APRIL MY JUNE
NcPARK 3146.37 314379 JM4LTD 3140.16 3138.36 3137.49 3137.8% 3138.91 3144.38 3145.82
0914 314415 3141.09 3138.93 3138 3136.02 IR/ I 342,47 345,85
30928 3145.18 3142.61 3140.52 3139.17 3157.Z5 313.59 313676 3138 314344 314473
3093 4333 J140.85 3138.69 3137.4 315,44 3134.87 313512 3136.57 J4LMS 343
5-3001 3417 3142.36 140,51 IRY DRY DRY DRY RY 314351 3144.47
0-3001 314517 3142.48 140,59 3139.25 3137.37 31371 313687 3138.1 3143.54 31448
5-3002 J144.96 3142.35 314013 3138.96  DRY DRY RY RY 34325 3143
0-3002 344,58 314199 3139.84 3138.33 33.38 31N.97 313.18 J137.45 34293 31M.14
§-3003 518399 314131 3139.10 3381 DRY IRY DRY  3136.81 3142.34 3143.49
[-30038 3143.76 3141.03 3138.65 3137.59 JiXN.52 313497 3124 356 32.04 31432
5-3004 314399 3t41.24 3139.03 313.73  DRY DRY DRY  J136.82 3142.31 3143.45
B-3004 J143.79 314092 3138.8 3137.51 3135.43 3134.88 313018 3136.52 314196 34314
10018 143,97 NMLZ7 338,16 31F.79 3155.8 MI.2B 1,33 3156.82 3142.37 l43.M
10038 3143.72 314096 138,79 3137.44 3135.45 31488 316,16 3135 3142 343,09
10043 3143,65 3140,93 313873 3137.43 135,43 3185 SIT.15 3136.46 314199 31451
10058 J143.72 3140.97 U318 33519 31365 342,06 314313
10063 3143.78 3141.07 3138.84 3137.94 3136557 I URD2B 3566 314217 3416
§-1008 J143.64 3140.92 3138.62 3137.38 313%.45 3142 J143.05
D-1008 3143.42 3138.43 3137.17 3135.15 J154.63 S134.88 35136.2% 314178 SHALTY
10093 I143,21 3140.52 3138.28 313698 31T 3144 J1AT3 313%.11 3IMLB TI42.48
1010 3143.39 3140.72 3138.43 3137.18 313M.2 313462 31488 3136.22  J141.8 3142.82
10118 3145.22 314050 3138.21 2’23399 313487 31344 31T 313,03 J14L6 3142.5%
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WELL & MONTH JUY SEPT. CT. NV, JAN, FEB. MAR.  APRIL MY JUNE
10128 314315 3140.45 3138.16 313692 3134.91 313435 313465 3136 4L 3142.5
1013 3143.43 314069 3136.41 3137.18 U35.18 313441 313491 313625 3141.88 3142.86
1014 3143.11 314082 3138.%6 33T 3134.81 314,72

5-1016 314328 3140.57 513831 37,11 13,02 313448 31377 336,13 3M4leh 31427
D-1015 3142.91 3140,31 3138.01 3136.78 3134.72 313418 J134.5 3135.87 3141.38 3142.38
1017 3.4 31407 3136.83 3137.41 31X.2 3136.36 3142.94
1018 43,95 314611 313897 3137.74 UTTI BT 3IF/A2 3.9 4232 314343
5-1020 JI43.94 314121 3138.96 3377 33571 US04 313541 313676 142,31 3143.4
0-1020 343,69 140,96 3138.73 3137.45 i35.44 3134.87 3135.16 3136.55 314196 3143,08
10218 343,46 314087 3138.66 3137.42 3135.35 31348 3135.08 313.41 31419 3143.02
§-1022 S143.54 3140.77 3138.49 313025 S1EN.22 313467 313494 31363 JIAL9T 3142.9
0-1022 31432 340,42 3138.18 136,96 J1M.89 3134.37 313466 3136.04 3141.35 3142.59
1023% 43,1 3140.39 3138.08 3136.85 3134.81 134,25 313456 3130.91 3141.44 1142.48
10243 I143.05  3140.3 3138.03  3i36.8 313472 3.2 313453 3359 3141.42 3142.44
1025 313,29 Y 33496 UMK JIWT 3136.07 314164 T142.49
1026 T3.00 31403 S0 33679 33475 313423 MR 3136.03 314145 314247
1027 342,83 30 137,11 313649 J1GA4T GIRL93 31342 3iX6.72 4L 142,19
1028 3143.82 3140.94 313,93 3NI7.64 313585 S13.12 313535 3136.65 3142.23 3143.26
1029I 1142.89 3137.28 3133.9 313426 3135.79 3141.19 3142.18
10301 I3 31301 3109 313343 13579 31334 3140.79 1AL
10341 3140.45 3138.24 3136.77 314,87 JI3A57 J13A.65 3136 3141.49 142,01
1035 3143.42 3140.36 3138.4 31377.08 J135.01
1037 3143.45 3140.59 3138.38 3137.06 3134.95 134.47 3134.8 136,20 314179 3i42.82
1039 3143.32 3140.97 3138.28 313%.98 3134.92 3134.42 313474 313%6.12 3141.7%  3142.7
10408 3143.48 J140.73 J18.55 3T0.25 31T5.16 134,63 J1A.94 3136.28 314174 3142.91
61
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WELL & MONTH) JLY  SEPT. T, NOV. JAN, FEB. MR. APRIL WY JUNE
1041 J144.2 3141.58 3139.37 3138.08 3136.13 3UW.T W79 3TN.05 J42.64 3143.46
1042 J137.94 3136.63 313463 313411 313448 3136.9% 3144 J142.32
1043 313634 J136.08 313.04 313,98 3132.91 JA39 UWG 314057
1044 37,3 U698 U9 343 3UTI79 III.32 3140.74 T141,68
1045 AR/ UNS
1046 3136.68 313,39 W24 313266 118 313481 3140.13 J14L.03
1047 3145.5 SI3.33 3141.02 3139.48 3137.62 31369 3137.06 3138.25 J143.36 1M
1048 384,98 313198 3139.76 313676 3136.21 31F0.66 136,03 3137.44 3142,78 3144.18

t -—wells deeper than 50 feet
RIVER
STABE  MONTH) JiY SEPT. OCT. NOV, JAN, FEB.  MR. APRIL MY JINE
RAILRD 363,60 3163.62 3163.44 3163.,32  ICE  3163.11 3163.34 316401 3164.45 3163.4
BR1DGE

RUSSELL -

57, BRDGE J135.87 315571 315,43 31%6,19 315,13 3i55.46 156,14 3136.86 3195.44

DITCHES
H 3i63.7 3168.76  DRY DRY DRY DRY DRY  3148.38 3168.83 316B.6%
02 3165.99  316b.2  DRY IRY DRY DRY DRY  3165.65 3166.04 3165.85
-3 3166.08
D4 3165.28 3163.49  DRY DRY IRY DRY DRY RY 3165.25 3164.88
0-5 3165.18 3165.37  [RY DRY DRY DRY DRY RY  J185.2 31491
g 3M77.67 IRY DRY DRY DRY RY RY  3183.2 3177.87
0-7 H74.23 J173.62  DRY DRY DRY DRY DRY RY 374,72 317485
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Monthly Mater Level Adjustsents to Wells Deeper than 40 Feet (+ ft.)

July 0.8
Sept 0.29
Oct wells east of we]l 1008 0.24, wells west 0.3

Nov wells east of well 1008 0.23, wells west 0,31

Jan 0.3
Feb 0.29
March 0.26
Ppril 0.23
May 0.32
June o
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Water Level Differences Between Shallow and Deep Wells in Double Well groups

WELL & MONTH> JULY  SEPT. oEx. NOV. JAN. FEB. MR, ARIL MY JUNE  Average

3001 0 -0.12 -0.08 0.0 013 0.07
3002 .38 0.3 029 0.8 0,32 029 0N
3003 .21 028 02 0.2 0.5 0.3 021 0.2
3004 0.2 02 0B 0.2 0.3 0% 03 027
1008 0.2 0.19 0.2 0.2 02 0.3 022
1014 0.37 0.2 0.3 03 0.3 0.3 027 026 022 032 0.3
1020 63 02 0B 66X 0 02 025 024 0¥ 032 02
102 63 0% 03 02 03 63 o028 026 03 0¥ 032
Average 0.8 029 02 0.3 03 0® 02?7 0B 031 03
64
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-0.01
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Difference (£t.)

-0.08

-0.1
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-0.13

Hydrograph of Well 3001

July, 1896 to June, 1997
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Water Level Differences for
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above sealevsl)
(Thousands)

Water Level (ft.

{rel)

Difference

3143
1144
3143
3.142
4
3140
3.130
L1
1137
3.13¢8

3.108

0.30
0.29
0.20
.15
0.10
0.03

°0w

Hydrograph of Spill Site Well 3002

Jualy, 1888 to June, 1097

T T T 1 T T T T T T
JULY AUG. SEPT. OCT. NOV. DEC. JAN. PFEB. MAR. APRIL MAT JO?
=] Well 3-3002 +  VWell D-3002

Water Level Differences for
Wells 8-3002 and D-3002, 10801097
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Hydrograph of Well 3003

2144 T Jaly, 1008 to June, 1897
3.143 )
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3.141 A
3.140 \\ [
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%1137
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O Well 5-3003 +  Well D-3003

Water Level Differences for
Wells 23003 and D003, 1000-1087
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Hydrograph of Well 3004

July, 1888 tv June, 1087
3.144 k4

3143 Zl

3 /
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Water Level Differences for
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Hydrograph of Well 1020

July, 1896 to June, 1997
144
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Water Level (ft. above sealevel)
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Hydrograph of Well 1016

July, 1998 to June, 1887
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Potentiometric Surface - March, 1987
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APPENDIX B

Fage

Depth of Wells Used in Water Quality Analyses 79
F.I1.T. Analyses: July, 1986 go
Priority Pollutant Analyses: April, 1986 ?4

Inorganic (Metals) 2?4

Volatile Organics 101

Semi—Volatile Organics 108

Fhenols 114
Summary of Water Duality Analyses by Champion 117
and the Montana Water Quality Bureau: April, 1986

Inorganic 119

BTX 120

Coliform Racteria 129
Fecal Coliform Analyses 134
Results of November, 1986 Analyses 137
Results of Volatile Organic and Fhenol Analyses _ 138
by Lancaster Laboratories: May, 1987
Results of May, 1987 Analyses 142
Bacterial Analyszes: November, 1986 and May, 1987 ___ 149
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Depth of Wells Used in Water Quality Analyses

Well Depth{(ft.) Well Dia.(in.) Completion Interval(ft.)

McFPark S0 b open bottom S0
3001-S Z4 2 screen 28-34
3001-D =8 2 screen 25-58
J002-8S IS5 2 screen 29-35
Z002-D 59 2 screen o26—99
3I003-S 32 2 screen 26-32
3003-D 23 2 screen 0-93
3091 67 6 open bottom &7
10035 68 & ? &8
1008-S za7 4 ? ?

1018 7 4 ? ?

1020-S S0 () open bottom &0
1022-S 48 & ? 48
1037 ? é ? ?
1039 &0 1) open bottom &0
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August 19, 1986

Ms. Sara Weinstock F‘_L'\‘ Qmu‘%

Montana Dept. of Health &  Juuy, Kbl
Environmental Sciences _

Solid Waste Mng. Bureau ‘ WDI'?lﬂj‘uﬁg
Room A-104 g ot G,
Cogswell Bldg.

Helena, MT 59620

Re: Champion Tnternational (Hart Oil) Analytical Results,
TDD R8-8509-07.

Dear Sara:

Enclosed are analytical results for groundwater and soil samples
taken at Champion International (Hart Oil Refinery), Missoula,
Montana by the MDHES. 1 have taken the liberty of tabulating some
of the sample documentation information for easy reference to the
data sheets (Table 1).

A cursory review of the data indicated that only a few HSL
compounds were detected, and most of these were also detected in
the blanks. Xylenes were tentatively identified in several samples.
Lead was detected in a few samples, with values as high as 30 mg/1.
In general, the organic data were found to be acceptable for use.
Some qualifications for certain parameters were noted for inorganic
data.

Please feel free to contact myself, Randy Greaves (organic
QA) or Lynn Roberts (inorganic QA) if you have any questions regarding
these data.
Sincerely,

' T [ 7 / |
/ ('C)(_/}" ) ﬁﬂ("syr"’ z‘(‘({/{, iﬂ‘

Robert G. Smith, Jr.
Region VIII FIT

80

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Following are our findings:
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DATA CUALIFIER DEFINITIONS
Region B

Por the purposes of this data review document the following code letters
and pssocisted efinitions are provided,

v “The material wag analyzed for, but was not éetected. The associated

“numericnl value is the estimsteld sample quantitation limit.

J = 'The sssociated mumerical value is an estimated guantity because
the srount detected is delow the required limits or because
quality cotrol criteria were not met.

1B - Extimted satple quantitation limit increased. Nomt found in
sample reparted. Compound detected at <5 X the amount in blank
(<10 X for methylene chlaride, acetone, toluene and phthalates).

UJ - Detection limit is estimated because quality comtrol criteria
were rot met.

JB - ‘The value it an estimated amount detected below required limits
and aleo detectad in the blank.

B - Copound was detected in the blank. Quantity reported is
»% X the amouar found in the blank (210 X for methylene chlaride,
acetcne, toluene, and phthalates).

R ~ Ouality Control inmdicates that data is not usable (m.:npamd
rey or may not be present). Resampling and reanalysis is necessary
for verifioation. .

2 - HNo amlytical result.

N - Pressptive evidence of presence of material (tentative
' idemification).
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COFPOUNDS IDENTIFIED

sample Ko, _HE 322, - (Hoden %‘-S

Hazardous Substances List (HSL) Qrroounds Detscted:

Compourd Rame Arount Qualifier Coanertts
- (E,m (if needed)
Voa { 1£ us
Arsiting v §Ts) v 4
BrA 4 3 Ty
ob T — 1 3%
PEST " Nense Defected = =

Tentativelv Identified Comoonrdes Detected: g Mp_ M M ‘oo/:.(
VOA

A ol
" 114

- !5!“1‘
Spectra Matching Quality

v/ The spectra were exsmined and found to be of good matching quality.
The spectra were exmnined and fourd to te of poor matching quality due to:

Remarks:
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OMPOUNDS IDENTIFIED

garple No._ HE 323 - water F601-D
Hazardous Bubstances List (HSL) Corooundes Detacted: )
D:rrp:wd Rame Oualifier Comments

(E’“’ {if needed)
_m.zla&mn._c_lfunu&__ — I8 _

FI

—Nory, Detbe ted,

h
&®
-

Tentatively Identified Comounds Detected: Jro Mo aftaclt /"7‘#0/6‘7
Ao VoR Tie's sdewbitied
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OMFOUNDS IDENTIFIED
Bample No. Hc 329
_ Joo3-§
Razardous Eubstances List (HSL) Corpounds Detected:
Compourr Rame Aot Oualifier
o Sg;_L;) (if needed)
vod: madluschlorids — — = — 758

BWA
b z @

Tentatively Identified Compounds Detected: Ag¢ %,_ oo ki) Jhat ¥ 0312
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OMPOURDE  IDENTIFIED

Sample No. Hc 328 3w3_s

Hazardous Bubstances list {HSL) Qumooands Detected:
OGTPDWﬂ Rame Nount. Oualifier

(eoll)  (if pected)

VOA Mz thal AN ) N

Tentatively ldentified Corpounds Detected: Aot 14 afbackiof 2had * 39y

Spectra Matching Quality

i The spectra were examined
'Ihespecmuenmd

;

A

good matching quality.
poor matching quality due to:
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CMPONDS IDENTIFIED

Sarple No._ HE 27] =~ wd&/ J’an-’vb. %B—D

Hazardous Substances List (HSL) Oomounds Detected:
Corpowd  Name Arount. OQualifier Cormerntts
(H_a_) (if needed)
VoA W’.ﬂ.ﬂ.ﬁh— 3 SR
A Bulr- h 3 7

Tentatively Idemtified Comoudds Detected: 420 e aflacde/ pos® 0pg/
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QOMFOLNDS IDENTIFIED

saple No._HE 327 - wodkr 3004-3
Hazardsus Substances list (HS1) Ccr;.mds D§t.ect.ed: .
" (bﬂ) {if needed)
VoA Nons, PDetscteld — —

ROA Nong Detect el
PEST. Mone Detscied

Tetatively Jdemtified Opouyis Detected: .0 44e affa r{ //,, «ﬂ'f
MO VoA w_ D‘ﬂﬁil/.

____)%m 2 0

be
be

good matching quality.
poor matching quality due to;

R4
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QMFONDS IDENTIFIED

Sople No._HE 326 Soo—p
Hazardsus Sudbstances List (HSL) CQomrounds Detected: ”
Compourd Rame Amount Qualifier Comrents
VoA Moaa, Datsocted — P
edA _bisCo-whlhuaslloldhalat. 2 38
PesT _aon. Datecteld —

Tentatively Identified Comouds Detected: Jog /Av_ MW ‘02/7

Spectra Matching Quality
i/mecpectramexswmm
The spectra were exanined and found

Remarks:

be of good matching quality.
be of poar
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COMFOUNDS  IDENTIFIED

sarple do._H ¢ 324 — water /0OS™

Hazardous Substances List (HSL) Comounds Detected:

Compourd  Name Amournt. Oualifier Qomments
(B'L") {if needed)

YoA m,!ﬂi’gw chloride 73 38

VA TMons Deteted — pa

PEST Nong Dedectad

Tentatively Jdentified Comounds Detected: gut He M’?A* 028

A0 VoA IJM

0
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OMFOUNDS  IDENTIFIED

Sample No._HE 272 — Seoil - ol sump & me
. (Chavup 5 %) i
Hazard>ue Substances List (HSL) Compounds Detectad:
Compourd Name Aot Oulifier Comrents
. (’44_[9 {if nesded)
vo : [ ug
Yoa £ A¥ne 113 =
—Toluens 5

8OA Q-,-n.mgs[rggﬂ.l;}‘ 1400 [y
PEST Alona Defoctacd

Testztively ldentified Copounds Detected: Jge 4 M,‘,‘i ooss

quality.
matching quality due to:
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CHMPOUNDS IDENTI1FIED

sople o, HC 328 — wakar &Aut?

Hazardous Substances List (HSL) Comoounds Detacted:

Qoo Nawe Nount Qualifier Comments
YoA ‘W"“A“‘ T 8
A 2 13 3

BYA  _ Mow, Dadeded —
PEST __ANone Dedacied —

22
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CMFONDS IDENTIFIED

saple Ro. HE 270 — wakar 'BLA"K?

——

Hazardous Substances List (HSL) Commounds Detected:

Compoud Name Amourt Qualifier Cormmants
(#j‘) (if needed)

4

YOA %Af:g!:rl Chlocide 12. ufl Blan)e Congonud .
L 160 3 ini¥igd GI!ZL:I!'EI 3.

W ] I Bilot Did. Lim.
gua Sl Toilalafe - — 72— 38 ALk Gud

EST ____ Aens Datected.

Am——

Tentatively Identified Comouds Detected: s, HHa M,,?J,‘ 0029

Spectrz Matching Quality

memm
_____ The spectra were exanined

be of good matching quality.
be of poor matchirg quality due to:
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U.S. ZPA CONTF T LABORATORY PROGRAM

SAMPLE MANAGEM:-NT OFFICE EZPA SAMPLE NO:

P.O. BOX 818 ALEXANDRIA,VA 22313 MHB 348

703/557-2490 FTS:8~557-2490 DATE:5-15-86
INORGANIC ANALYSIS SHEET '

LAB NAME: CALIF.ANAL.LAB. CASE NO:5852

SOW NO.: 784 QC RPT. #5852

LAB.SAMPLE NO.: P3774

ELEMENTS IDENTIFIED AND MEASURED

CONC.: LOW: XX MEDIUM
MATRIX:  WATER: XX

ELEMENTS. .METHOD UG/L 0/ —
1. ALUMINIUM...P 2179 ;; /‘S
2. ANTIMONY....P 19 U

3. ARSENIC.....F 10U

4. BARIUM......P 290 E

S. BERYLLIUM...P 0.1 U

6. CADMIUM.....P 3.0U

7. CALCIUM.....P 109900

8. CHROMIUM....P 19

9. COBALT......P 2.6 U
10.COPPER......P { 15)
11.IRON........P 3438
12.LEAD........F 5‘8
13.MAGNESIUM...P 19740

14 .MANGANESE...P 1098
15.MERCURY....CV 0.2 U

16 .NICKEL......P 18 U
17.POTASSIUM...P [ 2997)
18.SELENIUM....F 25U
19OSILVEROIOIOQP 1.6 U
20.SODIUM......P 10550 XM
21.THALLIUM....F 10 U
22.TIN.Q..'....P 19U
23.VANADIUM....P ( 5.3)
24.2INC..ccees P 25
25.CYANIDE.....C N/R
COMMENTES: -

LAB MANAGER JQ@

94
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U.8. ZPA CONTF T LABORATORY PROGRAM

SAMPLE MANAGEM:nT OFFICE EPA SAMPLE NO:
P.O. BOX 818 ALEXANDRIA,VA 22313 MHB 2346
703/557-2490 PTS:8-557-2490 DATE:5-15-86

INORGANIC ANALYSIS SHEET
LAB NAME: CALIF.ANAL.LAB. CASE NO:5852 -
SOW NO.: 784 QC RPT. #5852
LAB.SAMPLE NO.: P3772

ELEMENTS IDENTIFIED AND MEASURED
CONC.: ILOW: XX MEDIUM
MATRIX:  WATER: XX
ELEMENTS. .METHOD UG/L Seoi—D
A. ALUMINIUM...P 410
2. ANTIMONY....P 19 U
3. ARSENIC.....F 10 U QFTS
4. BARIUM......P [ 197] g
S. BERYLLIUM...P 0.1 U
6. CADMIUM.....P 3.0 U
7. CALCIUM.....P 53720
8. CHROMIUM....P 35
9. COBALT......P 2.6 U
10.COPPER......P 1.7 U
11.IRON.'."...P 675
12.LEAD........F 5.0 U
13, MAGNESIUM...P 11030
V14 .MANGANESE...P 19
15.MERCURY....CV 0.2 U
16 .NICKEL......P [ 27]
17 . POTASSIUM...P [ 1077)
18.SELENIUM....F 25U
19'SILV-ER000'-.P 106 U w
20.SODIUM......P 5707 k£
21.THALLIUM....F 10 U
22.TINI.....'.CP 19U
23,VANADIUM....P [ 2.7)
24CZINCC....CODP [ 11]
25.CYANIDE.....C N/R
SOMMENTS : :
LAB MANAGER: (€G
95
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U.S. ZPA CONTR T LABORATORY 2PROGRAM

SAMPLE MANAGEM...T OPFICE EPA SAMPLE NO:

P.O. BOX 818 ALEXANDRIA,VA 22313 MHC 246

703/557-2490 FTS:8-557-2490 DATE:5-15-86
INORGANIC ANALYSIS SHEET °

LAB NAME: CALIF.ANAL.LAB. CASE NO:5852

SOW NO.: 784 QC RPT. #5852

LAB.SAMPLE NO.: P3467

ELEMENTS IDENTIFIED AND MEASURED

CONC. : LOW: XX MEDIUM
MATRIX: WATER: XX
ELEMENTS . . METHOD UG/L
1. ALUMINIUM...P 10260 2p03-5
2. ANTIMONY....P 19 U

3. ARSENIC.....F 13.0 {?%S
‘4. BARIUM......P 659 ¥ P

S. BERYLLIUM...P ( 1.3]

6. CADMIUM.....P 3.0U
7. CALCIUM.....P 64570
8. CHROMIUM....P 50
9. COBALT......P [ 11]
10.COPPER......P 77
ll.IRoN........P 17110
12.LEAD........F 30.0

3 .MAGNESIUM...P 20590

4 . MANGANESE...P 9022

15 .MERCURY. . ..CV .2U
16.NICKEL......P 47
17.POTASSIUM...P ( 4877)
18.SELENIUM....F 25U E
19.SILVER......P [ 3.1)
20.SODIUM......P 7251 WP
21.THALLIUM....F 10 U
22.TINeeooesessP 19 U
23.VANADIUM....P [ 18.5)
24.2INC.vceces P 80 Y\,
25.CYANIDE.....C N/R ‘Q
COMMENTS :

LAB MANAGER:gJFﬁ%)

Fé6
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U.S. ZPA CONTE T LABORATORY PROGRAN

SAMPLE MANAGEMLNT OFFICE EPA SAMPLE NO:
P.O. BOX 818 ALEXANDRIA,VA 22313 MHC 245
703/557-2490 FT5:8-557-2490 DATE:5-15-86
INORGANIC ANALYSIS SHEET

LAB NAME: CALIF.ANAL.LAB. CASE NO:5852
SOW NO.: 784 QC RPT. #5852
LAB.SAMPLE NO.: P3766

ELEMENTS IDENTIFIED AND MEASURED
CONC.: LOW: XX MEDIUM
MATRIX:  WATER: XX
ELEMENTS. . METHOD UG/L SC03 -
1. ALUMINIUM...P 3179
2. ANTIMONY....P 19 U (4&7
3. ARSENIC.....F rou &K &
4. BARIUM......P 328 Fw
5. BERYLLIUM...P [ 0.6]
6. CADMIUM.....P 3.0 U
7. CALCIUM.....P 44630
8. CHROMIUM....P 18
9. COBALT......P 2.6 U
10.COPPER......P [ 11]
lloIRONooqo.oooP 5244
IZOLEAD..I..".F SOOU
13 .MAGNESIUM...P 13180
34 .MANGANESE...P 248
15.MERCURY....CV 0.2 U
16 NICKEL......P 18 ©
17.POTASSIUM...P [ 1381)
18.SELENIUM....F 25U
19.SILVER. v+ ...P 1.6 U 9
20.SODIUM......P 5486 X
21.THALLIUM....F 10U
22.TINC.....'..P 19U
23.VANADIUM....P ( 5.0]
24QZINc......‘.P 22
25.CYANIDE.....C N/R
COMMENTS :

LAB HANAGER;\)E{Sg
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U.8. ZPA CONTR® T LABORATORY PROGRAM

SAMPLE MANAGEM....T OFFICZ ZPA SAMPLE NoO:
P.O., BOX 818 ALEXANDRIA,VA 22313 MHB 344
703/557-2490 FTS:8=-557-2490 DATE:5~-15-86

INORGANIC ANALYSIS SHEET
LAB NAME: CALIF.ANAL.LAB. CASE NO:S5852

SOW NO.: 784 QC RPT. #5852
LAB.SAMPLE NO.: P3770

ELEMENTS IDENTIFIED AND MEASURED
CONC. : LOW: XX MEDIUM
MATRIX: WATER: XX
ELEMENTS. . METHOD UG/L
1. ALUMINIUM...P 4718 SoOH -G
2. ANTIMONY....P 19U
3. ARSENIC.....F 10 U
4. BARIUM......P 440 x\}’%
5. BERYLLIUM...P 0.4]
6. CADMIUM.....P 3.0 U
7. CALCIUM.....P 38810
8. CHROMIUM....P 22
9. COBALT......P 2.6 U
10.COPPER......P [ 21)
11.IRON........P 7418
lz.mD........F 7.1
13 .MAGNESIUM...P 12570
14 .MANGANESE. . .P 224
15 .MERCURY....CV 0.2 U
16.NICKEL......P 18 U
17.POTASSIUM. ..P ( 2765)
18 .SELENIUM....F 25U
19.SILVER......P 1.6 U
20.SODIUM......P 6853 X0
21.THALLIUM....F 10 U
22.TIN.........P 19 U
23.VANADIUM....P [ 7.5)
24.2INC.c.c....P 38 B
25.CYANIDE.....C N/R

COMMENTS:

LAB MANAGER: Jfﬁ

g8
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U.8. IPA CONTR T LABORATORY PROGRAM

SAMPLE MANAGEMLnT OFFICE EPA SAMPLE NO:
P.O. BOX 818 ALEXANDRIA,VA 22313 MHB 345
703/557-2490 FTS:8-557-2490 DATE:5-15-86
INORGANIC ANALYSIS SHEET
LAB NAME: CALIF.ANAL.LAB. CASE NO:5852
SOW NO.: 784 QC RPT. #5852
LAB.SAMPLE NO.: P3771
ELEMENTS IDENTIFIED AND MEASURED

CONC. ¢ LOW: XX MEDIUM
MATRIX:  WATER: XX
ELEMENTS. . METHOD UG/L -
1. ALUMINIUM...P %67 T0oY-D
2. ANTIMONY....P 19 U

. ARSENIC.....F 10 U
il BARIUM......P 346 ;’WM
5. BERYLLIUM...P 0.1 U
6. CADMIUM.....P 3.0U
7. CALCIUM.....P 72880
8. CHROMIUM....P 17
9. COBALT......P 2.6 U
10.COPPER......P ( 6)
11.IRON....O...P 1670
12.LEAD........F 5.0U
13 .MAGNESIUM...P 15550
14 .MANGANESE. ..P 832
15.MERCURY....CV 0.2 U
16 .NICKEL......P 18 U
17 .POTASSIUM...P [ 2341)
18.SELENIUM....F 25U
19.SILVER......P 1.6 U rg{fﬁg
20.SODIUM......P 27840 ¥
21.THALLIUM....F 10 U
22.TINO...D'Q.'P [ 20]
23 .VANADIUM....P [ 1.8)
24CZINc........P [ 11]
25.CYANIDE.....C N/R 4

COMMENTS: .

LAB MANAGER:\Jﬁﬁg
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U.S8. ZPA CONTF T LABORATORY PROGRAM

SAMPLE MANAGEM...T OFFPICE ZPA SAMPLE NO:

P.O. BOX B18 ALEXANDRIA,VA 22313 MHB 343

203/557-2490 FTS:8-557-2490 DATE:5-1%-86
 INORGANIC ANALYSIS SHEET

LAB NAME: CALIF.ANAL.LAB. CASE NO:5852

SOW NO. : 784 QC RPT. #5852

LAB.SAMPLE NO.: P3769

ELEMENTS IDENTIFIED AND MEASURED

CONC. : Low: XX MEDIUM
MATRIX:  WATER: XX
ELEMENTS . . METHOD UG/L
1. ALUMINIUM...P w5y /0o
2. ANTIMONY....P 19 U
3. ARSENIC.....F 10 U
.4. BARIUM......P 255 {W%
S. BERYLLIUM...P 0.1 U
6. CADMIUM.....P 3.0 ©
7. CALCIUM.....P 50780
8. CHROMIUM....P [ 3)
9. COBALT......P 2.6 U
10.COPPER......P | 2]
ll.IRoN........P 118
lz.mAD........F S.OU
13 .MAGNESIUM...P 12590
14 .MANGANESE...P [ 5)
15.MERCURY. . ..CV 0.2 U
16.NICKEL......P 18 ©
17.POTASSIUM...P [ 1037)
18.SELENIUM....F 25U
19.SILVER......P 1.6 U %&ﬁ{
20.SODIUM. .....P 5049 X 1
21.THALLIUM....F 10 U
22.TIN.........P [ 20]
23 .VANADIUM....P 1.7 U
24'ZINC. . o 2 8 b0 -P 24
25.CYANIDE.....C N/R
- COMMENTS :

1AB MANAGER: KB

100

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LOG 8

: Bo-140 DATE RE[L D: 4/18/86 ASSIGNED TO: JFI
REQUESTOR 5 J. FRICE FROJECT # 1 O2SOT-BFST
AMALYSLIS TYFE : VOA-~Z001-4(3) LOCATION i BONNER, M1

VOLATILE ORGANIC ANALYSIS

1,2 DICHLORCOHENZENE
1,7 DICHLOROBENZENE
1,4 DICHLORDEENIENE

EFA 601
EFOMOD I CHLOROME THANE s 1 1,2 DICHLOROE THANE s 1
EROMOF ORM : .1 1,1 DICHLOROCETHYLENE : 1
EROMOME THANE : <1 TRANS~1,2 DICHLOROETHYLENE : 1
CAREON TETRACHLORIDE HEEES § 1,2 DICHLOROFROFANE HEE |
CHLOROBENZENE [ | CIS-1,3 DICHLOROFPROFENE : <1
CHLOROE THANE : <1 TRANS~1,% DICHLOROFROFENE : -}
2-CHLORODETHYLVINYL ETHER PR METHYLENE CHLORIDE : <1
CHLOROFORM s <1 1.1,2,2-TETRACHLOROETHANE 3 <1
CHLOROME THANE 3 <1 TETRACHLOROETHYLENE : <1
DI EBROMOCHLOROME THANE : <1 1,1,1 TRICHLOROETHANE R |
1,2 DICHLOROBRENZENE s ol 1,1,2 TRICHLOROETHANE 5 w1
1,7 DICHLOROERENZENE FRE § TRICHLOROE THYLENE s 1
1.4 DICHLOROEBEMNZENE [ § TR ICHLOROFLUOROME THANE : 1
DICHLORODIFLUCROME THANE RS | VINYL CHLORIDE P |
1,1 DICHLOROQE THANE H
EFA 402
BENZENE t 1
CHLOROEENZENE T a1
ETHYLEENZENE "1
TOLUENE 1
XYLENES 1
1
1
1

AL

P I A T

ALL FPARAMETERS REFORTED IN UG/L. OR FPH
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LUG # : B&-T40 DATE REC D: 4
REQUESTOFR : J. PRICE
ANALYSIS TYFE : YOA=--3¢01-T (D)

/18/86 ASSIGHNED TO: JFt

FROJECT # : Q2SOT-RPST

LOCATION s BONNER, M1

VOLATILE ORGANIC ANALYSIS

EFA &01

EROMOD 1 CHLOKCME THANE
EROMOFORM

EROMOME THANE

CAREON TETRACHLORIDE
CHLOROEENZENE
CHLOROE THANE
2-CHLORDETHYLVIN/L ETHER
CHLOROFORM

CHLOROME THANE

D1 EROMOCHLOROME THARE
1,2 DICHLOROEENZENE

. A

W 4 8B e 43 %8 8B 40 A5 us
AL

. b b g ek g bk e e A

A S

1,3 DICHLORORENZIENE
1,4 DICHLORDREHZENE
DICHLORODIFLUOROME THANE
1.1 DICHLOROETHANE

o 4 an e
- -

BENZENE
CHLOROKEMZIENE
ETHYLBEMNZENE
TOLUENE
XYLENES

o DICHLORCEENIENE
1,3 DICHLOROERENZIENE
1,4 DICHLOROERENZENE

PO R N T

- At e b s et e

ALL PARAMETERS REFORTED IN UG/L OR FPPB
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1,2 DICHLOROETHANE
1,1 DICHLORDETHYLENE

TRANS=1,2 DICHLOROETHYLENE

s 2 DICHLOROFROFANE
CIlsS-1,3 DICHLOROFROFENE
TRANS~1 .7 DPICHLORDFROFENE
METHYLENE CHLORIDE
1,1,.2,0-TETRACHLOROE THANE
TETRACHLORDETHYLENE
1,1,1 TRICHLOROETHANE
1,1,2 TRICHLOROETHANE

TRICHLORQETHYLENE
TRICHULORDFLUDROME THANE
VINYL CHLORIDE

W e er W ws w6 aE A4 3¢ S8 v

" e e

e e b e e

(ST



LOG &

t Bo-T.40 DATE REC D: 4/18/8646 ASSIGHED TO: JFt
REQUESTOR i J. FRICE FROJECT # : OQZSOT-BFS3T
ANALYSIS TYFE : VDA—-To0T-1(5, LOCATION : FONNER, MT

VOLATILE ORGANIC ANALYSIS

EFA &0
BROMOD 1 CHL OROME THANE : o1 1,2 DICHLOROETHANE s <1
EROMOF DRM LA | 1.1 DICHLORODETHYLENE s 1
EROMOME THANE s oo TRANS=1,2 DICHLORDETHYLENE : 1
CAREBON T;TRQCHLORIDE t 1 1,2 DICHLOROFPRDFANE T <1
CHLOROEENZENE i1 CIS-1,2 DICHLOROFROPENE RS
CHLOROE THANE : o1 TRANS-1,% DICHLOROPROFENE : <1}
2-CHLORDETHYLVINYL ETHER  : <1 METHYLENE CHLORIDE : o<1
CHLOROFORM ;o1 1,1,2,2-TETRACHLORDETHANE : .1
CHLOROME THANE : <1 TE TRACHLOROE THYLENE s <1
DIEROMOCHL ORCME THANE : <1 $,1.1 TRICHLOROETHANE : <1
1.2 DICHLOROEENZENE i oot 1.1,2 TRICHLOROE THANE : a1
1,3 DICHLOROEBENZEME : TRICHLOROE THYLENE s <1
1,4 DICHLOROBENZENE N TR 1 CHLOROF LUOROME THANE : o1
DICHLORCDIFLUORCME THANE s -1 VINVL CHLORIDE : 1
1,1 DICHLORCE THANE :
EFA 602

BENZENE 2o

CHLOROBENZENE t <1

E THYLBENZENE i1

TOLUENE i1

XYLEMES : <1

1.2 DICHLOROEENIENE S

1.5 DICHLOROEEMZENE s ot .

1,4 DICHLOROEENZENE sy

ALL PARAMETERS REFDRTED IN UG/L OR PFPEB
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LUG # i B&-T40 DATE FEC D: 4/18/8& ASSIGNED TL: JFY
RECUESTOR : J. FRICE PROJECT # : O2SOT-BRET
ANALYS1S THFE @ VOA~-TOu7-2 (D) LOCATION 3 HONNER, MT

VOLATILE ORGANIC ANALYSES

EFA 600
BEROMODICHLORCOME THANE 1 <1 1.2 DICHLORODE THANE : 1
BROMOFORM s 1 1,3 DICHLOROETHYLENE 3 1
ERDMOME THANE : 1 TRANS~1,2 DICHLORDETHYLENE : i
CAREON TETRACHLORIDE H 1 1.2 DICHLOROFROFANE s 1
CHLOROBENZENE EENEA § €C15~1.Z DICHLOROPROFENE PN §
CHLOROE THANE A | TRANS~1,7 DICHLOROFROFENE : 1
2-CHLOROE THYLVINYL ETHER s <1 METHYLENE CHLORIDE t 1
CHLOROFORM s w1 11,2, 2-TETRACHLOROETHANE @ 1
CHLODROME THANE : -1 TETRACHLOROETHYLENE t 1
DIBEROMOCHL OROME THANE : 11 1.1,1 TRICHLORDETHANE [ |
1,2 DICHLOROERENIENE HEEAS § 1,1,2 TRICHLOROETHANE 3 1
1.2 DICHLOROEBENZENE : 1 TRICHLORDE THYLENE : 1
1.4 DICHLOROBENIENE : o1 TRICHLOROF LUOROME THANE H 1
DICHL OROLD IF L BUF OMETHANE PN | VINYL CHLDRIDE 1 41
1,1 DICHLOFROETH:ME B
EFA 602

BENZEME i 1

CHLOROERENZEME s 01

ETHYLERENIE! & r a1

TOLUENE L |

XYLENES [ §

1,2 DICHLORCERENIZENE vl

1,7 DICHLOROERENIENE PR § .

1,4 DICHLORCERENZIENE [ §

ALL PARGMETERS REFORTED IN UG/L OR FFB
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Lu # : He—T40 DATE FEC'D: 8/1b/86 ASSIGNED T0: JR
REQUESTOR

: J. FRICE FROJECT # 3 OISOI-REST

AMALYSIS TYFE : VOA--Tuud-1(%, LUCATION  : EONNER, M1
VOLATILE ORGANIC ANALYSIS
EFA &0t
BROMOD I CHLOROME THANE T o1 1.2 DICHLOROE THANE LN |
ERDMOF ORM -1 1.1 DICHLOROETHYLENE : o1
BROMOMETHANE : < TRANS-1,2 DICHLOROETHYLENE : <1
CAREON TETRACHLORIDE 1 1 1,2 DICHLORQFROFANE : ot
CHLOROEENZENE t 1 CIS-1,% DICHLOROFROPENE o«
CHLORCE THANE : 1 THANS—-1,T DICHLOROFROFENE : <1
2~CHLOROETHYLVINYL ETHER : <1 METHYLENE CHLORIDE P
CHLOROF ORM 'SR 1.1,2,2-TETRACHLDOROETHANE @ <1
CHL OROME THANE : <1 TETRACHLOROETHYLENE : <1
D I EROMOCHL OROME THANE TS | 1,1,1 TRICHLOROETHANE S
1.2 DICHLOROEENZENE s o1 1,1,2 TRICHLOROETHANE : <1
1,7 DICHLOROEEMZENE : 1 TRICHLOROE THYLENE LIRS |
1,4 DICHLOROBENZENE 3 -1 TRICHLOROF LUOROME THANE : <1
DICHLORODIFLUOROMETHANE s 1 VINYL CHLORIDE RN
1.1 DICHLDROETHANE :
EFA &02

BENZELE
CHLOROEENZENE
ETHrLBENIENE
TOLUENE

XYLEMES

1,2 DICHLORDEBENZENE
1,7 DICHLOROBENZENE
1,4 DICHLOROERENZENE

L S N 1

L R ol o

ALL PARAMETERS REPORTED IN UG/L OR PFPP

105

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LUG # s Bo-T40
REQUESTOR s J. PRICE
ANALYSIS TYFE :

DATE REC 'D:

VOA--T008~2/D

4/18/88

ASSIGNED TO:
PROJECY # @
LOrAT ION :

JFEY

VOLATILE ORGANIC ANALYSIS

EBROMOD I CHLOROME THANE
BROMOFORM

EROMOME THANE

CAREON TETRACHLORIDE
CHLOROBEMZENE

CHL OROE THANE
Z=CHLORDETHYLVINYL ETHER
CHLOROFORM

CHLOROME THANE

D1 EROMOCHL OROME THANE
1,2 DICHLOROBENZIENE

.7 DICHLOROBENZENE
1,4 DICHLOROBENZENE
D ICHLOROD 1 FLUOROME THANE
1,1 DICHLOROETHANE

BENZENE
CHLOROEBRENZENE
ETHYLEENZIENE
TOLLENE
XYLENES

.2 DICHLOFROREMIENE
1,2 DICHLOROEBENZENE
1,4 DICHLOROEENZENE

EFA el

e 40 s

“ a5 ae 32 a6 s e

e as e

R

EFA

- e feb s s pA e e b e

s02

-

FOR

R N

P

1,2 DICHLOROE THANE
1.1 DICHLORRQETHYLENE

TRANS~1,2 DICHLORDETHYLENE

1.2 DICHLOROFROFANE
CIS-1,3 DICHLOROFPROFENE
TRANS-1 , 3 DICHLOROFROFENE
METHYLENE CHLORIDE
1,1,2,2-TETRACHLORDETHANE
TETRACHLOROETHYLENE

1,1,1 TRICHLOROETHANE
1,1,2 TRICHLOROETHANE

TRICHLORDETHYLENE
TR 1CHLOROFLUOROME THANE
VINYL CHLORIDE

ALL PARAMETERS REPORTED IN UG/L OR PFB

106

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

@ e e

O2507-BFST

EBONNER, MT



LUt & B&=- .40

: DATE REC D: 4/18/86 ASSIGNED TO: JFY
RECUESTOF ¢t J. FRICE FROJECT # : OZSOT-BFST
ANALYS1S® TYFE 31 VDA--1005 LOCATION : EHONNER, ™MT
VOLATILE ORGANIC ANALYSIS
EFPH 601
BROMOD [ CHLOROME THANE s 1 1.2 DICHLOROE THANE 1 <1
BROMOF ORM RN | 1,1 DICHLOROETHYLENE FIED |
BROMOME THANE : <1 TRANS-1,2 DICHLOROETHYLENE & <1
CARBON TETRACHLDOFRIDE s -1 1,2 DICHLDROFROFAME sl
CHLOROQEEMZENE HERS ¢ CIsS—-1,7 DICHLOROPROFENE s <1
CHL OROE THAINE : -1 TRANS~-1 ,Z DICHLOROFROFENE : <1
2-CHLOROETHYLVINYL ETHER s <1 METHYLENE CHLORIDE 1 <1
CHLOROF ORM s <1 1,1,2,2~-TETRACHLOROETHANE 1 <1
CHLOROME THANE LI | TETRACHLOROETHYLENE : <1
DI EROMOCHLOROME THANE S | 1,1,1 TRICHLOROE THANE 1 <3
1,2 DICHLORORENLIENE : <1 1,1.2 TRICHLOROETHANE : <t
1,3 DICHLOROQRENZENE S | TRICHLOROETHYLENE : <1
1,4 DICHLORORENZENE HE § TR ICHLOROFLUOROME THANE s <1
DICHLORODIFLUOROME THANE : <1 VINYL CHLORIDE : -1
1,1 DICHLOROETHANE H
EFA 602

BENZENE : 1

CHLOROEBENZEME I |

ETHYLEBENZENE : 1

TOLUENE : <1

XYLENES FI §

1,2 DICHLOROERENZEME s U1

1,2 DICHLOROBENZENE : 1 .

1,4 DICHLOROBENZENE LN |

ALL FARAMETERS REPORTED IN UG/L OR PPB
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3001-§
3901-2
3004-)

30011
3001-2
3004-1

300§t
Joo1-2
3004-1

1001-4
3001-2
J004-1

3004-1
3004-2
3004-1

3001-1
J001-2
Jo04-1

BONNER, MONTANA

g/l
AENAPHTHENE

(911
10
<10

ug/l
BENID () ANTHRACENE

<10
($1]
<10

ug/!
BENTO (k) FLUGRAMTHENE

<o
o
{10

ug/l
8[5(2-ETHYLHEXYL) PHTHAL

<10
10
<10

ugsl
4-CHLORDPHENYL PHENYL E

10
<10
($1]

ug/}
1,3-DICH OROBENZENE

($1/
(11
45}

NPOES AMALYTICAL SERVICES AEPORT

Lug/t wl wil
ACENAPHTHYLENE ANTHRACEME BEXZEDINE
(10 {18 19
10 <49 9
(10 ($1 <10
ug/l ug/l ug/l
BENIO(3)PYRENE 3,4-BENTOFLUORANTHENE SENID(ghs IPERYLEME
(10 (¢ <10
{10 {10 [$1}
{10 <1 10 .
ug/l uy/i ey/l
BIS(2-CHLORCE THOXYIMETH,  BIS{2-CHLORDETHYLIETHER P15 (2-CHLORDISOPROPYLIETHG
{10 ae <16
<10 [$1] 81
[¢] 10 {10
ug/) ug/l ug’l
arjﬁ-mmmm PHENYL ETHER BUTYL BENIYL PHTHALAIE 2-CHLORDNAPHTHALENE
(31} <10 [$1
{0 <10 (1]
[48J [$14 {10
vg/l ug/l ug/1
THER CHRYSENE DISENIO 4, h) ANTHRACENE 1,2-DICHLOROBENIENE
(10 {10 {10
o [$1] a0
<10 e {0
"/l w/i Wl
1, 4-DICH OROBENIENE 3,3 -DICHLOROBENI IDINE BIETHMYL PHTHALATE
<10 {10 {10
<10 ae e
e (41 ] (41 ]
108
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30011
3001-2
3004-1

3001 -1
3001-2
Jooa-1

3001 -1
Woi-2
3004-1

3001-3
3001-2
3004-1

3001 -1
30042
3004-1

3001-1
3001-2
3004-1

ug/}

DIMETHYL PHTHALATE

{10
<0
{10

ugfl

D1-N-0CTYL PHTHALATE

<10
10
14

ug/l

HEXACHLDROBENTENE

{10
31
(414

ugfl

INDEND (1,2, 300) PYRENE

{19
a9
0

ug/l

W-NITROSQDIMETHYLANINE  N-NITROSOD -N-PROPYLANINE

{10
(911}
{19

ug/l

PYRENE

[41]
[41]
{10

ug/l

O1-N-BUTYL PHIHALATE

10

{10
(¢

ug/i

{,2-DIPHENYLHYDRAT INE

o
<10
<10

ug/l

HEXACHLOROBUTADIENE

{10
(S 1]
{10

ug/l

JSOPHORDNE

1,2, 4-TRICH.ORCRENZENE

109

(o
e
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NO.

WELL.

1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1013
101y
1020

1021
1022
1023
1024
1025
1020
1027
1023
1029

1330

1031
1032
1033
1034
1035
1036
1037
1038

Private well numbers.

NAME

Williams, C.R.
Hunter

Worth, L.
Veitenheimer, C.
Brandt, C.M.

Ibey, C.

Ruff

Larson, R.P.
Tarasner, 5.

Matye, J.

Damron, D.E.

Price, C.R.
Beckwith, J.
Earling, R.E.

Mocko

Boschert, K.E.
Berts Automotive Repair
Rose, R.S.

Parrish, ™.
Chaussee, E.

(Owner - two rentals)
Bowers, E.V.
Richlie, W.
Thornburg, D.
Anderson, L.

Car Lot/Povsha
Freds Car Wash

Town Pump

Metal Fabricators
Mobile City Trailer Park
Well 1

Mobile City Trailer Park
Well 3

McCormick Park Pool
Tilton

Photo Formulary
Mignht (Patcen)
Might, L.

Rice, Sr.

Chaussee, L.
Ranstrom (Ucley)

117

ADDRESS

210 N. California

1134 vontana

1136 Montana

1133 Montana

1200 Montana

1203 Mountana

1224 Montana

1228 Montana

1244 Montana

1301 Montana

1302 Montana

1320 rontana

1332 Montana

1345 iHontana

214 Prince

1400 Montana

1414 Montana

1127 1/2 Idaho

1125 XL

1131 Idano, Rice
Marra

1205 Idaho

1309 Idaho

1311 Idaho

1321 Idaho

300 N. Russell

321 N. Russell

401 N. Russell

109 N. California

1509 River Road

1509 River Road

100 Hickory
1303 Idaho

400 California
401 California
1201 River Road
1315 River Road
1319 River Road
1405 River Road
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.
Results of analysis of ground water samples
for benzene, xylene and toluene.
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tod JRIRS -+ z L) 143,10 i 9.5
VIETEN- w3388 i £ 1.0 ‘1 1
STiNER 07023795 Z i a 9] L
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iy Ari3iRs t Z ‘1 ‘1 9
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vk SH Cat 1 N1 i
it i TR 1 W1 i
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CHAMPIEN INTERNATIONAL CORPORATION

WATER QUALITY DATR
PROJECT #9-001
NISSOULA, MINTANA
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CHANPION INTERNATIONAL CORPORATIGN

WATER GUALITY DATA
FROJECT #B-001
RISSOULA, HONTANA
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WATER QUALITY DATA
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33,3
DWHER ) 8] KEW SANPLE 3AMFLED LAg. SENIERE TOLGENE 1+LENES
* o SEL WELL EaTE w /L e Y/l
£058 1618 05/18/8% t i N ] {1
i@ 02/10/85 t ¢ < q] {1
1318 02743736 sn i 4] a1 %]
1016 04:02/86 N [ a ¥ a
1318 [ETEr 5T ) 4 < 4 a
124§ DETI N 13 C a {1 I$]
1013 0B/07/%% L] S8 f Q1 i
KIZAT 119 21458485 C E <l N i3
PRARTIHI [t uTsThiEY L L i3] ¥} 1
tuf¥ N9i13/85 C 3 3 il a
e G4702i88 L] tal 41 ' it
CHALISEE N 0y 2hess L L JoJ 2 N
K hy 5 14,3 &7 [ ]
] T t M ‘t ol
] 1358 Bl pris il . \l
iizoN R Ab EL] bEHs i i\ |
1O diid. 38 [y I [} } <1 <1
15208 040380 ¢ 3 a (U a
BOWERS 1921 713085 [ E - - -
1921 47718785 £ 3 - - -
2 07126765 t L 2L j4.0 M.!
1821 09/18/85 L A 25,5 1.7 4.3
U] Wei g 8% [ L 142, 8.9 8.9
inad [UTINE 1] L ] R %l .0
162N W2i10i80 c L il a a4
RICHLIE 1022 29716/83 C A i il a
12N 02758k £ L d it i
10220 211778 ¢ ¢ i i a

123

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CAAMP TN INTERNATIINGL [2SPERRTION

aaTER JUALITY CATH
PRIGECT dE-d
A1587ULG, wINTANA

3%
TRNER A rER SAKPLE SMPLED e, SENCENE TOLUENE IYLENES
. SELL dELL RTE ¥ UBiL uBit #Bit
i 10:03/88 5N Y {1 a1 a
102N 04103/8b st A « a i1
1522 4i03/86 £ 4 {1 o 1
THORNBURS 0923 09/15/85 Z 8 i i Qa
NS 038 < £ < 4 §
SKOERSN 193s 913785 3 3 ‘i a .
HHN 0138 C B i < a1
1024M 02i17186 £ : 0 <1 it
FOVERA 1922 29713.35 £ L 0 i ‘1
[CaR LOT L 05713/85 g B u 0 4
s 19701/3% ¢ “ o S “a
1o At : D o 8} B
R 62617488 ¢ : ‘1 ¢ ‘4
FRED'S 1028 07/25/8% £ i i ] 0
1024 09/19/85 t L i ) {1
0W8 PP 1027 09/19/85 t i ¢ <A i
At Fid, 1028 $9/18/8% £ i i N i
i @

124

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



AISHY
(PRTTEN)

RiGHY

RICE

034

1N

1034
1034

1033
1035

1038
1038
1036

WRTER wURLiTY DRTR
FRRMECT #8-9i1
HISSOULA, AONTANA
37386

TSMFION (NTERKGTONAL TORFORATION

JAMFLE SANPLED LB, FERIENE TOLUERE KiLEMES

it 5 il Bl il
215755 ¢ A <t < 1
vo% 3 £ B 1 1 s}
Szt 2 ] 1 “ il
: : : : ! i i1
G800 I N L 1 } il
LITENE T . : ¥ 3! N
L L IR n AL < 'l {1
WitT 56 < ] ‘A i 1)
Qindi s kL ta 1 1 3
Wi Es i c ‘1 ] 4
100735 b # 1 i {1
1217 2% g L] i ‘1 a
[l SH AL it N} {1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TR 13N

TGiA, FONTANA

9%/ah
GRNER joRd KEW SHEFLE SAIPLED LAd, BEMIENE TOLUENE INENS
L HIN £l GRTE By b/l UsiL UB/L
t1)
ChauIZEE 1937 12/05/8% 4 L] < 4} 14
1037 H1413/86 € ] 1 31 {4
137 0470286 58 tAL <1 <l 41
[T 19283 s® £ ‘1 ) i
1437 4167538 [ ¢ Y} a4 a
SRy G188 El -8 1 il 1
T8 g ¢ i 4} Q
CRAMPITN 8% 4 L ‘1 | 1
I~ by a b ‘1 Nt
PEEMGE- ) £ [N le.¥ 4.0 1.7
LENL33-1) L e ! < L8]
CHAMETIN Tiate -TGIN -+ £ L tl <1 1
N 19/19/45 3 & W7 16.% w0
Tl 69/19/65 £ L 29 2. 31
MEIRYe 105786 58 A ¥ 9 {4
-2 04/03/8b 50 [N {1 ¢ {1
19812 04703/86 4 4 <l {1 {1
1301-2 08/15/86 € ¢ {1 i 11
Crame [ON Th02-1 2i19/8% L L 7.0 5450.0 03,0
29/20/8% < [} 2700 6189.0 43700
V9120483 < L 1750.0 2509 $200.0
104¢1/85 ¢ L} 1540.0 2780.0 4710.4
uBs07/8h £ ¢ 488 410 +
38407786 3] 54 3.0 520 783.0
126

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ZanREILN INTERNATIONAL (CRPDFATICH
WATER GeLiTy [nid
FROJECT #3-001
Hi3S3LA, MONTANA

938
THKER 2l L= caeE IANPLED Li-ks RENZENE TOLUENE CLEMES
EH WELL iwTE &Y g/t uB/L 57k

b

CHRMF 1IN PIERY 18 18-8% £ i o} L5 Ey )
MUTEY) 572089 3 [ i <1 i1
Ifw2-2 083085 4 L 1.6 4 4
Thod-2 03/47184 ¢ ¢ il 1§ {1
I0d-2 28/97 58 A SH 4 4 [}
IrabEITY B L 19%,% 4.9 pee X1
L # 5,9 W T3
€ L 3.5 3.3 $1
] ThL 4 ¢! i
24197730 £ z 1 4 4
ad 15 Be L [ il [§} 3}
8:07 B ¢ D) 1 i i
P 8097758 n 34 K} o ‘4
TERAFIDN 0GiYTIRE P . ‘1 1 o
297058 T A a 1 1
REENE 3 “ A 4 o1
64i1% 3 Y £ 1 i1 ‘0
W7 e t £ Nt ! !
05iv7s5b 3] S « ¥ 1§
CHARP 10% 3004~ 08/17/8% C L 111 1 §]
3004-1 09719485 t A 3 1 <1
3004~ 09/19/85 ¢ L <1 {1 4]
041 04/93/86 SN AL {1 8] {1
30041 94103738 [4 { <1 1 {1
3504-1 241556 € 3 3] {1 [$}
CRAMPTON 16042 0giras € L < 2.4 2.8
J004-2 R/19/%5 t & <1 {1 4

127

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHYMPIOR INTERTAT [Jhel TIFPORETION
auigh Gumilr DaTa

FRIECT =B-9di

30ULA, WINTANG

34336

LIt}

SHNER e = SANOLE IPLED LA, BENZENE TOLUENE 1iLENES

i DaTE BY US4 B S

- ,- WRI15/55 < L {1 o 1

Hi15/8% ¢ t 0 0 1

CHANPIGN 1091 (/01785 3 L (“ i 0

(FACTERY) MR 19/15/85 t P 19.4 1.5 2.9

| v9/13/85 ¢ L 2.8 2.9 '

i1l YIRS ) M o i i1

CHaNPION 1092 9713585 b 3 1 a i

“SLALE HIUSE) 1682 81975 Z L e 2.0 a

CnaME N A 42738033 ¢ 3 9 o .
T

LMFLER AND LAE IDENTIFIDATION

A - ANMLETICAL TECHNGLDBIES - A
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Cite of Fepert: 17/17/-¢

MISSOULA CITY-COULTY HEALTH DEPARTVMENT
01 ¥est Alder tissoula, Mt. S598C2, Phone 721-57¢C0

LACORATORY HATER REPORT
Veter Scurce: WILL AVS Cwner: LEMNA FOSE
Loceticrn: Y127 ICAKC ST. Address: 1127 ICAHC ST,
'1SSOULA, FT  s59801

]
Type of Anclysis: Fecal Coliform tembrane Fiiter

Date Collected: 10/C89/¢6 TIME: 0935 Ey: BtLL PEERY
Czte Tested: 1C/C9/86 TIME: 1230 Ey: TIiHA BRIGHT
Tvpe of Szmple: Follcwup
Semplic tumber:2261&5¢ Analysis Pesult: <1/100mi
#8007 COMTAMINATED w#+

The ztove water sanple was nct collected by & Recistered
Seriterian. Thus, the source c¢f the scmple cannet be verified
sy the Feelth lepartrent.

The leboratery examinaticn of this sample chowed no evidence
c¢f cctifcrs bzcteric ccntarineticn, Thie indicated that, as

far -t con be getermired Ry o leborctery excrinztion, The
waTtsr vos s30f0 for crinkine ev tho tire tav c:imple wes taken,
“cveover, "“rcse resul-e cenrnet be relicC upon az inciceting
“rne sxfovs of the weter 2t Ll tires unlccs the scurce is
Ireserly lcceved ont o reirvairsd.

Sry o wzlt ocenstructicn which ¢s¢s not positively excloze ot

surfece ang subsurfece ccntaminaticn must be considered s
dangerous to health. All dust, pump spltiage, surface
drainage, soll, etc., must be prevented from entering the
well.

This examination does not iInclude tests for hardness, minerals,

iron, florides, etc., nor does [t Include tests to determine
suitabliity tor Irrigation or for stock purposes.

BILL PEERY
S3& EDCY ST,
MESSOULA, T 59801
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Ste Lt FeosorT: 10/17740¢€

PISSOULA CITY-CLURTY PEALTH DEPAETHERT
3C1 Vest Pider !issoule, ¥t, S5GEC2, Phone 721-57C0
LAPORATCRY VATER REPOPT
Vater Scurce: WELL O35 Owner: LEC MIGHT

Lecztlcn: 1201 MIVER FOC. Acdress: 12C1 RIVER PD.
LISSCULA, T 59£01

£ )
Tyre of fnelysis: Fecal Coliterm Merbrane Filter

Cate Ccllected: 10/C9/€6 TIVE: 0948 Ey: BILL PEEPY
Cate Tested: 10/69/¢€ TIVE: 1€3C Ey: TIMA PRICGHT
Tyee of Sample: Followup
Sarple Murbtcr:2279E€6 Analysis Resilt: <1/100mil
*e¥2 0T CONTAMI: ATED®*%

Tre 2tcve ueter szrple was not ccllec
Semiteriar., Thus, the source cf the ¢
by the vocith Derzrtrment,

*tei bty @ Pecisterec

emple canno? be veritied
The deserctery sxerinaticn of this serplc shewes ne e€vidence
¢t celiforr Sgeterie contaminegtica. This ingicated thet, es

for 2z cor fe gzToermineg 2y I laborZtocry exaringticn, the
witer Lz Cs.fe feor grinking ot the tire *re sirple wies Taken.
HYincair, Ttese results connot Lo reliec Lzep 4s ingicating
the Tcofity of the water at cli Tirces urless The scurce s
cropirl s aocaetel oane rajrrTeinec.

frv etl constructicr which Zces not pecitively exclude =3}
surface and subsurface contaminaticr xust te consicered as
cdangerous to haalth. All dust, pump spiltage, surface
dralnage, soll, etec., must be prevented ftrom entering the
well,

This examination does not include tests for hardness, mlnerals,
iron, flerides, etc., nor does it Include tests to determine
suitabiitty for Irrigation or for steck purposes.

EILL PEERY
£3¢& EDDY ST,
rirssevLa, MY 59801
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TLTeowd feport: T0/177¢6¢€

PEESOULA CITY-"7UNTY “FALTH DEPAFTYENT
301 veet Alcer " issoute, 1. 3CEC2, Phcne 721-5700
LABOFATOPY U ATER FEFORT
Lheter Scurce: VELL AOF3F Owner : ELLEY CHAUSSEE
Lecction: 13175 FUIVER PN, Fedress: 1316 RIVER RD.
P1ESOULA, MT 59801

4
Type ¢f Arclycis: Fegad “clitcrm tertrane Filter

Date Cctlected: 1C/CE/EE TItE: 1000 8y: EILL PEERY
Cate Tested: 1c/ce/eg TIrYE: 1230 By: TIMA BRIGHTY
Type cf Sample: Fcutire

Sampie tumber:228CEE Anzlysis Fesult: <t/100mi

EERLCT COHTAMINATEDH*+

Se o.Lbove weter szrple &% ot ccliccted Lo o Tegistered
iterinn, Thus, The source cf The cenple cannct be verlfieg
The Heoalth Jopertrent,

The leéertorator, exerninzticen of t-is sempl. showed no evidence
ct sclitzrr nacreric converirevicn., Thicz incicatel that, =z:¢
fer 2 cen L LoTerminedld ty £ iltcretory exerinatica, the
HOTLr osls ot for o cric o irg et e tioo Tho serple .es teken.
Powes.r, vhRCIv resolt s oszrnet be relioc L2Ch 35 ircicating
Tre o erToT D crver - L1l -tires unless The scurce s
FECTardy deCoTis o Ind ceictaire s,

Ary weli ccrsTructics v rich Uoos rot resitively evelude @il

surfece 2nc csubsurface contaminaticn must De consicered es
dangercus to health. All dust, pump spillage, surface
dralnage, solil, etc,, must be prevented from entering the
well.,

This examination does not Include tests fcr hardness, minerals,
Iron, florides, etc., nor does it include tests to determine
sultabillty for irrigation or for stock purposes.

BILL PEERY
538 EDDY ST.
MISSQULA, ¥T 5801
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UEPARTMENT OF HEALId AND ENVIRONMENTAL SCLENCES
WATER QUALITY SUREAU
Analytical Report

Sitce: Champion Sawmill and California Street, Missoula
Sampled by: Joha Acrigo, Bill Clark
Dates sampled: November 5 & 6, 1986

Results of Analysis

Total Orzamic
Benzene Tlolueae Xylene Lead (Pb) Carbon (T0C)

Location ug/l ug/l ugfl mg/l mg/1

1005 Braand:t <1.0 <1.0 <1.0 <.0035 HA

1008-1 Larson <i.0 <1.0 < 1.0 < .QU5 A

1018 Rose <1l.0 <1.0 < 1.0 <.005 NA

1020-1 Chaussee 1.19 < 1.0 <1.0 <.005 2.3

1022-1 Ricalie <1.0 <1.0 <1.0 <.003 Na

MeCorwick Park <1.0 <1.0 <1.0 <.00S 1.6

1037 E. Cnaussee < 1.0 <1.0 < 1.0 NA NA

3001-2 <1.0 < 1.0 < 1.0 <.005 NA

3002-1 134.96 83.22 248.32 012 > 30%
3002~ {(Duplicace} NA NA NA NaA » 50w
3002-2 < 1.0 <1.0 <1.0 <.,005 NA

3002-2 (Duplicate) < 1.0 < 1.0 < 1.0 < .005 NA

3003-1 < 1.0 <1l.0 <1.0 <.005 J.a>
3003-2 <1.0 < 1.0 < 1.0 < .005 HA

3091 Factory < 1.0 <1.0 <1.0 < .005 NA

3011 (Blank) <1.0 < 1.0 < 1.0 <.005 S5

Explanation:

NA = not analyzed

< 1.0 = lesa than 1.0 ug/l derection limit of test
ug/l * parts per billion

wg/l = parts per million

*3ample was turbid cherefore TOC values are elevated
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University of Montana
Department of Geology
Missoula, MT 59812

#1018 Vater Sample
Collected 05/06/87 by WP

RESULT
ANALYSIS AS RECEIVED
Phenols < 0.004

Volatiles in Groundwater

1 COPY TO University of Montana

[owiidaA 03893  0.00 014000

Srem i3 L B RaS 3T R

Ny SEE AEVERSE SIDE FOR EXPLANATION
") OF 3YMBOLS AND ABBAEVIATIONS

138

ANALYSIS REPORT

Date Reported $5/26/87
Date Submitted 5/ 8/87
Discard Date 6/ 3/87
Collected by C

P.0. 28144

Rel.

LIMIT OF
DETECTION LAB CODE
0.004 043403500

attached 051510500

ATTN: Villiam Peery

Respectfully Submitted
Lancaster lLaboratories, Inc.
Revieved and Approved by:

Richard C. Entz, B.A.
Group Leader, Organic Analysis
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University of Montana
Department of Geology
Missoula, MT 59812 .

#1018 Vater Sample
Collected 95/06/87 by WP

Volatiles in Groundwater
Benzene

Toluene

Chlorobenzene
Ethylbenzene
Chloromethane
Bromomethane
2-Chloroethylvinyl ether
Vinyl chloride
Chloroethane

Methylene chloride
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon tetrachloride
Dichlorobromomethane
1,2-Dichloropropane
trans- 1,3 -Dichlotropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
cis-1,3-Dichloropropene
Bromoform
1,1,2,2-Tetrachloroethane
Tetrachloroethene

1 COPY TO University of Montana

The Amarcan AsEnc gluw T
TE RN

Tapema 3 b HO0O A SUs 3T 85T

OF SYMBOLS AND

RESULT

A
i.

1.

AAAAAAN
Ll
.

AAAANANAANAANAAANAANAAAAANANAANAA

= 13 I et rt et b b e et b et e s
. “ e e e e e

‘-

RECEIVED

ug’/l
ug/l
ug/1
ug/l
ug/l
ug/1
ug/l
ug/l
ug/l
ug/1
ug/l
ug/l
ug/l
ug/l
ug/1
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/1l
ug/l
ug/l
ug/l
ug/l

ot - e -

ANALYSIS REPORT

o

Date Reported 5/26/87
Date Submitted 5/ 8/87
Discard Date 6/ 3/87
Collected by C
P.O. 28144
Rel.
LIMIT OP
DETECTION LAB CODE
1. 0703000008
1. 070400000N
1. 0705000Q0N
1. 070600000N
S. 071100000N
5. 0712000008
10. 071300C00N
1. 071400000N
1. 071500000N
1. 071600000N
i. 071700000N
1. 071800000N
1. 071900000N
1. 072000000N
1. 072100000N
1. 072200000N
1. 072300000N
1. 072400000N
1. 072500000N
1. 0726000008
1. 0727000Q0N
1. 072800000N
1. 072900000N
1. 073000000N
2. 073100000N
2. 073200000N
1. 073300000N

ATTN: Villiam Peery

SEE REVERSE MDE FOR EXPLANATION

ABDREVIATIONS
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Respectfully Submitted
Lancaster Laboratories, Inc.
Reviewed and Approved by:

Richard C. Entz, B.A.
Group lLeader, Organic Analysis

r
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ANALYSIS REPORT

University of Montana
Department of Geology
Missoula, MT 59812

#1037 Vater Sample
Collected Q5/06/87 by WP

RESULT
ANALYSIS AS RECEIVED
Phenols < 0.004

Volatiles in Groundwater

1 COPY T0 University of Montana

St et 03893 0.00 014000

TE LT L R D
Tree 3t & BaipQiod gy T BV g

— E k@ SEE REVERSE SIDE FOR EXPLANATION
e

4 OF SYMBOLS AND ABDREVIATIONS

hetn 4 - . aves
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Date Reported 5/26/87
Date Submitted 5/ 8/87
Discard Date 6/ 3/87
Collected by C

P.0. 28l4s

Rel.

LIMIT OF
DETECTION LAB CODE
0.004 043403500

attached 051510500

ATTN: Villiam Peery

Respectfully Submitted
Lancaster Laboratories, Inc.
Revieved and Approved by:

Richard C. Entz, B.A.
Group Leader, Organic Analysis
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ANALYSIS REPORT

s WL ORPORATED
74:5 wa HOLLAND P!KE LANCASTER PA 17601

University of Montana Date Reported 5/26/87

Department of Geology Date Submitted 5/ 8/87

Missoula, MT 59812 Discard Date 6/ 3/87

Collected by C
#1037 Vater Sample P.0. 28l44
Collected 05/06/87 by WP Rel.
RESULT LIMIT OF

Volatiles in Groundwater AS RECEIVED DETECTION LAB CODR
Benzene < 1. ug/l 1. 070300000N
Toluene <1, ug/l 1. 0704000008
Chlorobenzene < 1. ug/l 1. 070500000N
Ethylbenzene < 1. ug/l 1. 070600000N
Chloromethane < 5, ug/1 5. 0711000008
8romome thane < 5, ug/l 5. 071200000N
2-Chloroethylvinyl ether < 10, ug/1 10. 0713000008
Vinyl chloride < 1. ug/1 1. 071400000N
Chloroethane <1, ug’/l 1. 0715000008
Methylene chloride <1, ug’/l 1. 071600000N
1,1-Dichloroethene < 1. ug/1 1. 071700000N
1,1-Dichloroethane < 1. ug/l 1. 071800000N
trans-1,2-Dichloroethene <1, ug/l 1. 071900000N
Chloroform < 1. ug/l 1. 072000000N
1,2-Dichloroethane < 1. ug/1 1. 072100000N
1,1,1-Trichloroethane < 1. ug’/l 1. 072200000N
Carbon tetrachloride < 1. ug/l 1. 072300000N
Dichlorobromomethane < 1. ug/1l 1. 0724000008
1,2-Dichloropropane < 1. ug/l 1. 0725000008
trans-1,3-Dichloropropene <1, ug/1 1. 072600000N
Trichloroethene < 1. ug/l 1. 072700000N
Dibromochloromethane <1, ug/l 1. 072800000N
1,1,2-Trichloroethane < 1. ug/1 1. 072900000N
¢is-1,3-Dichloropropene < 1. ug/l i. 073000000N
Bromoform < 2. ug/l 2. 073100000N
1,1,2,2-Tetrachloroethane < 2. ug/l 2. 073200000N
Tetrachloroethene < 1. ug/l 1. 0733000008
1-COPY T0  University of Montana ATTN: Villiam Peery

Respectfully Subaitted
) Lancaster Laboratories, Inc.
Sl ity Revieved and Approved by:
Toamica B Boogila a8 X 8hg

MD/—'\\ o Richard C. BEntz, B.A.
\ B S anvuTIONS Group Leader, Organic Analysis

L T T
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JRosY S

CHEMISTRY LABORATORY BUREAU
Management Services Division
Montana Department of Health and Environmental Sciences

AMALYSIS REPORT

OWNER: Cha [l e:.gg - Calitarznla H,
ADDRESS : M 5500/ M-
SOURCE INFORMAT10N: and wple 7 Y

wells § mon. wetls near fuel [eak
DATE COLLECTED: (ZJ‘-.D[LZ oATE RECEIVED: S/t /87 sawrer: To Arrige

LABORATORY
SAMPLE NUMBER

87 w 1074 87w 1075
ANALYS1S i;:‘fz ‘2‘07/ RESULT 3::1’ ’— / UNITS
Tot_Phensls sotf » 00l rel
bis. Al <. O3 . 083 Q:J'n‘a /L
bis. Fe IS Lo =
dis. Hw <. D5 L 03 mel L
Diy. Ba . DS . 22 ME}L
Denzene <.5 <5 _,_i;L
Talwcng s s gl
Yylene 1.0 <0 axsfL
REMARKS :
87 w 1075
Date Analyzed: §’12187
pnalyst: - g7 w 1074
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Jaoesy s

CHEMISTRY LABORATORY BUREAU

Management Services Division
Montana Department of Health and Environmental Sciences

ANALYS IS REPORTY

OWNER: Chdin_pc‘dn - Calibirnia H
ADODRESS : M55 ouln 7

SOURCE INFORMAT ION:
wells § mog.

DATE COLLECTED: f Q=22

wal el (d
wellt near fvel feak

DATE ReCEIVED: S/ § /& 7 savpLer: T Arrige

LABORATORY
SAMPLE MUMBER |
87 W 1076 87 w 1077
ANALYSIS 3;‘:‘;/- l RESULT 3“&',&/ - a‘ UNITS
Tt _Phenols .03 .c04 .
Dis, Al <.a3 <.923 m&,/é.
Dis. Fe /.14 <. 9/ :
bis. M 10, / .0/ r%/L
Dic. Ba . 52 .2 h@_/ s
Jenzene 43z <, S gl
Tolucne 1930 <5 —aasglt
Kylene ’373% s wagll
REMARKS :
Date Analyzed: k'f:lﬁ—[
Analyse: LAp
87 w 1076 87 W 1077
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S

Jaosy S
CHEMISTRY LABORATORY BUREAU

Management Services Division
Montana Department of Health and Environmenta) Sciences

ANALYSIS REPORT

OWNER: Chd‘"_ﬂlm - C‘;ﬂfu&u‘_& H.

ADDRESS:

p"!t_gg/& 7

SOURCE INFORMAT 1 ON: wnd

mphe y

wells | mon. wellr  near fuvel Jfeak
oATE coLLECTED: $ /L~ 32/R2 oate receiveo: S/t 9 /87 swwrer: T Afqud

LABORATORY

SAMPLE NUMBER |

87 w 1078 87 w 1079
we lf We t/ "

ANALYSIS Z00 3 -1 RESULT 304 /s uNI
feﬁ E’lg_l_o,f 007 005 wg} [
s, Al <.03 <.93 g /L
bis. Fe <. of .04 mg [

’s. 3 22 .27 wy /L
Dic. B .29 . /0 Mg/ &
é“ttus 15 cd £, ) _,u..giL_
rgluggg. Qj £ 5 we I
Xylene 54.7 <1.0 g 1L
REMARKS :
Date Analyzed: dll(%']

An : A
alyst Lab 87 w 1078 87 w 1079
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CHEMISTRY LABORATORY BUREAU
Management Services Division

Montana Department of Health and Environmental Sciences

AMALYS IS REPORT

JAosY 3

OWNER: C‘hlm'&m - Caliarna

ADDRESS:

W ssoula M7

SOURCE INFORMATION:

wells $ mon. wellr near el feak

Y A o) /,

DATE COLLECTED: § /QZ~od 2

DATE RECEIVED: $/o? 9 '[17 saerer: J. Serige

LABORATORY
SAMPLE NUMBER
87 W 1087 87 w 1088

ANALYSIS Igllté’ RESULT I?ol; UNITS
Tt _Phensls 00) 003 L’EIL
Dis. Al <. 23 <. 23 )
Dis.Fe .ol < o) me /L
bdis. Ma .92 < 905 n;:}/é,
Dic. Ba 25 29 ph L
Egggns ~.5 “. 5 ‘ule
—Q—LLH-Q—T L <5 £33 —#éLL-—

Xyleae <10 <0 Pyl
KEMARKS : .

Date Analyzed: wi2| ¥

Analyst: [% 7w 1087 g7 w 1088
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CHEMISTRY LABORATORY BUREAU
Management Services Division

120593

Montana Department of Health and Environmental Sciences

ANALYS(S REPORT

OWNER: Clllgg ‘ign - &./,'ﬁ/ wia S
ADDRESS : Missonla M7~
SOURCE INFORMATION: &7 W a e p /e 176 om cghe aned
Mon;foriag wells peap duel [ea k
DATE COLLECTED: 22 A‘ Z ! 2 DATE RECEIVED: z ZJ! z" SAMPLER: J- Alf:ao
LABORATORY
SAMPLE NUMB®™ - _— - !
g7 w 1080 87 w 1081 87 w 1082 :
- Y} g
ANALYSIS ‘ %;‘_— “ 3%1l§7 f'/::, UNITS
bis Al <. 03 <.03 <.03 ng]_L_
Des. _Fe D <. of . 083 gl
Ouis. Mha .55 <. 005 <. 0A5 g ,IL
Dis. Ba 26 .2/ .24 mell
REHARKS;
Date Analyzed: (..’4- /87
Analyst: ";'\,‘_R
87 w 1080 g7 w 1081 g7 w 1082
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JRo5Y 5

CHEMISTRY LABORATORY BUREAU
Management Services Division
Montana Department of Health and Environmental Sciences

ANALYSIS REPORT

OWNER: Cham #f'dn - Calibrnia ¥
ADORESS : M s 500/n -

SOURCE INFORMAT ION: wph Y

wad
wells § mon., wells near fuel Jeak

DATE COLLECTED: (Z§£‘£7(£Z DATE RECEIVED: S/ 9 /&7 sawrer: J- dfh"c
LABORATORY
SAMPLE NUMBER

87 w 1085 g7 w 1086

ANALYSIS /okf_gL RESULT y;;lo UNITS
%ot _Phensls .07y 005 ol
Ds. A < 03 <03 mo /L
s Fe .05 /s m, (L
dis. M < o955 . 78 M
Di¢. Ba . 27 .30 r%,/t‘.
éggtug .8 <5 __géLL_
Llacne < s <5 Iy
Xylene <l.o 222 g 1
REMARKS : i

Date Analyzed: 6[}1}37

et 87 w 1085 87 W 1088
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CHEMISTRY LABORATORY BUREAU
Management Services Division
Montana Department of Health and Environmental Science:

AMALYSIS REPORT

OWNER: Chbﬂ!}fdn - Cg/lﬁgg‘_g 5/
ADDRESS : WMissonds M r—

SOURCE lNFUD}‘MATION: gﬁ: ZQQ d&(‘. zg_.q'/c. 1&‘

;lhml waha !ml[aq decan

oate coecreo: £/32 /82 m'rs RgCEI\IED: 5/42 [£? sawLer: Ii/z{’_g

LABORATORY
SAMPLE NUMBER \
87 W 1089
ANALYSIS P“"'ﬂ RESULT UNITS
Blente
Gimarene <5 oY/
Telnene .5 ’ "

!’lme, <y "

REMARKS :

Date Analyzed:
Analyst:
87 w 1089
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—neliee .'Aém , /%84 — o

Mo Horveminafon ol Bt il NS Fen bandat el feem
Webb Warors Contamineted by faabed Caabin
Al thede Sy o o bize Hvileos arhess

Tiet,.:

Teur e bhue FE0 et Webl L, w0200 03 st Well T, WSy E3) G retoth PoR

y_h_')._-._»‘.. o eteremine the e bertat populatban of ronr et soamplios ol the condret weld el

2o Vasbnre Buctorial types hy sereok phote merhal, desrribe o olum Eapra il Eranslor to “Pypent
clture,

1o tram Stain bsobares, describe, and Lbont 0y opacies weer prssihle,
fo tmetubagr Foplales intn 2 "M eir feraat by Dot Tg fent™ meddm.

U oany typelsprcies) grims, relyalare by siecak plate swihod. fr Stabng descsibe and compare po
the oclgional tya fepecies). -

Modig: 1. vetde god doshle st eronth Fraptle ~oy hrothi FSA bg A 2x})
Yo o stoete et duobide streowrh Fauryd sablane irvprase broth, (LSTH Ix & 2x)
3. Standard Plate Toont Mestbum Spar SheM
G, Neafn-teart totuston trorh A Agar M sad BHEA
! G. Miatmal Nuteient Medinm (MNM), Tween A0 Lager, p 1.2, 1600 pfurama filtered

beaded gasobine, plus 206/ pramy KNGy

Samp le MCP-B, for 100ml, 021, Por timl, Wo3-1, Per 100w,
Popul .t fon:
Yons than 10/10mME, U ) Geeater than 220,¢ 4 Greaster than 200,(*%)
Lens than HRULTH Loess than 2,100

COF By MEN Methadd9S" coanl fdence Limles)

Flate foont wrewth I3, mt, 130/ mt.

Tsclacion o] a.Hacerrial colanles ol distiact mnepholoey arre phiked T *“Pare Lakiure ' trom stresh plates.

Bevtortal L Pure culteres were described, Crom stabind, 10d used ro cule (RIS

Typea: C. Any MNM cultare shoulnpg changes Ja the gasoline faver wore thon sebcuteured 1o RHE mediym,

G, i grovth occured, the surviviog specles was agaln Gram staincd and compared to the origional {eolate,
e Sample MOPSR Y cpra des Tnotared) 00229026 Twnlatest, WOt (20 isnlates). Resuits fotlow-

Qample 1.0 tratars Cram Lot Urihizadton wf MEM  Time R inlat (on Remarhs
cample 1.0 I f wratn § Marpbatogy } avplicate tubes frequiced § Growth o, « H
HUPoR i - rads s b T © homers-af et (L neg {1 ] scdiment, Ao
- viable ¢elln
2 + rodds eevla nfngbe, poir. c homges nt el 0 ik, L ompares no vegetative
apores A clhnstrers . geeninated cells
¢ - encel  2-4-8 colbn, ¢ apa et homogens LLE I R mogad-l
sulaced, - ired
002-1 ! + eocel  Staphylocaec| « wlight homage 1500 du. o sediment, with
cluseses - wvoization wiable celly
k4 « rods sinple.patrs, with . " 15160 da. - no vegetative
capsule - cells
1-A nrg. n.a, nLa. 0.4, aLA. n.a,
L] v rode spore-farming In o homepeni zed 15 da. < spores fO vege?at hve
long chalne . - purminated cells
[ ¢ reads non-spare turmiog - 10 da. B
H s rods ran-spoes Porming tn v sbkght homagens 0 o, . 4ome cetln found
capruliw ~ dzation
12-14  neg. noa, n.a, 0.3, LI
LR} neg. acp, - stighr homng- | LERt ¥ neg(-)
« entzation -
1k neg. Ao vostight homay . LR XN aeyd-1
voenlzation
[ + rods  onu-spore loeming + sHight homog- [T g led

singles, shore chailos ealzation
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W02l unt.

! Fuolate

, » Crom Coll Type Heitigatlan of -MNH Fiome Relanlcfon Remarks

) I Srabn / Morgholoys J dupl leate tubes /! roguiecd ihenwth o, - /

¢ T

H 14 + rods ahort, spure forme I + homogealzed o da. Aprers grfm- [ no vegctative

H tng, 2-6 celln . fnatad cclls

i

e 1" + rods short ,spore form + homopenized 15 da. Spores remain ne vegetative

{ inge 2-6 celis v ! celts

'

1 20 - rods tong rods with « homouvnized 15 da. sporee rematn no vegetative
spores.chalng . celis(B Meg."}

21.22 Hey. noa. - Sliuht homogen- 0 da. nea.

r lzat iun

2 » rods short, spore lorm- s no homogeniza. 15 da. “porey remsin no vegetative
ing, long chains + tion cells

24 neg. LN - Stight homogen- W da. n.a.

» fzation
— , ar S -tormI-: SinMi bemepeeient e amean e A Sahe. wir.
%0311 753 & shoec cheins + minated alger -

2-6 neg. LR noE. W da. ",

7. s+ cocet Staph=l ke » homogentred 1% da. . Seaph. sp.
grouping .

a. » rods whort rods in + homogenized , 1% da. + apores Rerm— 0o vepetative
chaing & singlrs . Inated cella, 8. Sube,
with spores presont

9. » cocel 2-4-8 groups - no homogenlza-~ w0 da. n.a Sasctina sp.

- thon

i, - rode non-sporfurmia, + humsgentzed Ky da, " capyulsted
singic & palrs . rods

tr. - rods short rods single & » homogentited 1% da. Beks neg. goe prod.
palrs - Ent. splcolif.}

2. + rods spocetorming In » homogenized 15-30 spores germine no vegetotive
aingles & chaina . da. ated celln,B.Sube.ap.

(RN s rods sporforming in + homogenized 1% da. spores germin-  nc vegetative
chatna ated cells B.Subt.np.

te, "o gr. "8, - no homogeniza- W0 da. LN no growch

« tton

15, + coccd oairs with + no homogenita~ w0 da. AL diplococctk
capsule - tion with capsute

16, + rads Large spore - + homogenited 13-30 apores remsin ng vegetative
forming chalng . ds. cells, B.Meg.

t7. « rods Large 1p0TE~ + homogenized 13-30 spores remain no vegetative
forming chaine . da. cells,B.Meg.

18. + cocel  palrs s no homogenlta- 15-1%0 LI diplococct with

- tlon da. capsule
19-20  no gr. no#. - no homogeniza- LIE] LI no growth
- tion
SUMMARY MUP A, Controtl: Y. Population, tess than 30/100ml by Multiply tubc method, Less thaan [/ml by plate
count method.
2. Three specics  fsoleced from tube culture(TSB)
3. Gne cocco-baciiitary rod, one spore-forming Cram + rod, one coccus of uncertein 1.0,
02~ t. fopulation, 724/ml, by plate count, Greatee than 200 but fess than 7,000/100m1 . by
multiple tube method.
2. Twenty four specles isolated [rom steak plates, some cwpected to be duplicates.
3. Three()) Gram + spore forming rod species, Possibiev N. Subr.. 8. Supt.vae.niger L
B. mepaterium .
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|
|

CONCLUSTONS :

SUMMARY LONT. [ L AN} &, Siv Gram |, non-sparp-lorming rod speciers. om® specles supgests o collinrm

toaonsgasetorming ~pecicy, passthle and Enterobacier .

3. tine Geam ¢ cocvus specles, morphelogy suspests 3 SQaphvisccas sp.

6. fae Gram o ocorcus spectes, sapgest o Dplecoccos wp.

Y. tomapcenization Tmtloared supggests microbial acelvity but ksa't atways followed
by urowth in the HNM culture.  The teadiency ol growth coodirtons to be anacrohic
or microarcophl I11e may exciude the aveobes but not the tacuitatives

1003~ 1. Papulation, 180 /ml, by plare count, Gecater than 2W but lcas chan 2100/ 100wl .
by mubttpte tube methad,
2. VYwenty dperies baobated from streak plates, some cwpected to be duplicates.
1 Flue firam posltive sporv-forming rod sprcics, morphelogy suypests, B.sube. .,
B. aubrflis, var. nigee, and K. megateriom sp. -
. Une Cram + non«sparvelarming rod sp.
. Onc Gram » aons=sporce-lorming rost, morpimiogy suggrst 3 non-gad lorming Coliform
specics, prebably Eoterobaceer sp.
h. One Cram v coccus sp.. morphologky wougests a Staphylocaccus sp.
Une Gram » coccus <sp.. morphology juggests & Saccing .
Two Qlplococcus wp.,. . both were capsulated,
7. Homogenlzavion indicates mivrobial activity but wasn't always followed by
growth in MIM culture. The tendency ol growth conditlions to be anacrobic
) fe.0 cm EET 0 kar ewnleted sy suesbieg hut aer the aeeblar Geos.
B. Colilorms, somctimes prexent In well waters, were largely not in evidence,

Thix stully glves some dupport (o the thesis that certaln bacterial <species (ound tn ground water
may bue ahte to wtilize the carbon of hydrucsrbons tn gasoline, The nitrogen source grovided in
this study vas Nltrate{Nirrogent, In nature, othee nitrates would be avaliabte and mighe berger
support rhe hydrocarbon utiiizing bacteria,

This atudy further indlcates that some acrobic spvcles proseat mighe not have had optimsl condiclons
tor growth. The suriace layer of gavotine largely cxcluded oxygen. Displte this, some sprcies did
aurvive.

2" A
{/(/(t Ui ﬁf (& Kt A0~

Avthur . bBavidson, Assoc. Director, M5, M. 0., Fmeritus

e o . O Micvsaers phall i mosy hae actudesd Gl
Ay obwy but na+ Cha W_ug.-\-;.ogs
—

151

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



bt

Ll
Test Vells:

The beterminatlon of Bactertial Species taointed From
Wsilt Haters Contaminated hy Leaded Casoline
and Their Abifity to Uctlize Hydrocerbons

io &) Mo, /¥R )

(1) Jon2-1A, (2) 3002-18, ()) INO3I-1R, (&) I004-1A, (3) 3OOA-I8

BateWecd:™ | rov 28, 1947
1\ .
Oh lectives: 1. To determine the hecterial ponulation of test well samnles.
2. To Isolute bacterisl types hy stresk olate method, describe colony type, and teansfer to
pure culture.
3. Gram stain tsolates, describe, and (dentify specles where possible,
4. Inoculete Isolates inta, “Nutritionally Deflctent Medium"iNDF),
3. 1€ any tsolste grows In the #DM, reisolate hy stresk plate method, Gram Stein, snd comoare
ta the orixlonal specles lsolated.
f. Comnaritons were made with FXXON Nio-Pond (#3) (solates snd to some common known bacterisl
species (rom tahoratory stock cultures. (some of these ore common to well waters).
Moot 1. Tryntic Soy Brath snd Agar (Ix end x} 4. Bratn Heart Infuston beoth & Agar
2. Laury! sulfate Trvptowe hroth{in and 2x) 3. TSA with ST sheep hlood
3. Standard Pltete Count Medtum 6. NO¥, Tween 80 water, oM 1.2, 1600 u/grams
tittered teaded pasoline, 1200 u/n. un‘m.
Semple #---| 3002-18 {_do02-1B ! 3003-18 { 100414 1 3008-18
Posutatton: | 710,000 14,000 3,600 4,600 61,000
oer JOOwi.
130182108 08 4, pycrarial colonies of “distinct mornhol opy'werg olcked to "Pure Culture” From stresk plates.
Racterial h, Pure cultures were deacribhed, Grom Btatned, and coltured fn the NN ghave.
Types €., Any MM culture showing chenpes (n the wasoline laver were then suhculrured In BRY hrovh,
! 4, If prowth accured, the surviving soecles wap again Cram Statined and comnared to the oripionatl
Isatare,
e, FY®ON finnond (solates and known soecies noted {s #6 oblective abhove were simtleriy coltured
in the N, Gram Stained and descrihed,
8 Ml
) amele 1 sol’are firame , Celt Wetlization of NOM o, Reisoiation Remorks, & or
[Stain Hocohology duolicspe tubea _ Meauieed (Grouth: ».e fSoecies 1.0
Homop.. helow pas |8 de/ + Enterchacter sp.
bl PO Y ] t. |- rada hhort nertisl layer A mo. +
avat to spoce-forming
N v round  [Yesst-1ike no homop. ;::; : yeast
short rods in Partial Homog. 2 As. . remaing viable
&, -_roda clustery beiow sas layer 4 _mo, + over long rerm |
Staph-tike No homog. 2 da.-tmo + Stsoh so.
5. v coced usters im0, =
Micrococcus-tike|pactinl Momop. 2 da.-Imo. & Migrococcus #p.
7. . clustess ynder gas layeg 4 w0, +
coect (n 2-4 & |[Momog. partial 2 da.-tmo. + Strep-1ike or
.1 s _jshorg chaing  lAlwost complete 14 mo, Dlolococciolike |
3002-.28 o tated
capsul. | ? dnle”" 2¢2% no homop. ,mo grouth|e ds. - nonviable ilnvite
1. . _cods rods in pairs & mo, - cultyre
short spnesr to |psrtisl homog under]4s ds. . viable over long,
2. 2 rods lojnted varisblelsas layer &_mo, s te
short veriable |[partisl to good 2 do.(p) Ent. or Arthro-
L. - roda | rods ‘ Homog., S mo.(g) ¢ bagter sp.(?) |
short ceps.rods [no spoarent chy. toféde. + suevives but no
3 |- _rods 1-2 cells aan_layex(-)homos, |bmg, 3= effect on gee, |
ahort rods {n partial homog. 1de. + arous under gas
6. - reda clusters Smp, 2 jayer,
3003-18 - od . survives over
oVump no group morph. |partis omoRg . 8. . long term. Sp.t
1. + roda single celly Py N
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- 18(cont

AL Y

nn&. 2R

FXXON-Rio
Pond-) fsel.

Known
Species

1solste [Grams cell Hrtltzation of NOM | Time Retfsolation | Remarks, A or
Stain, Morphology duplicate tubes Pequired Crowth +,- | Specles 1.0,
rods & 1short chains of [no homop. 4 da. [ tittle or no chy
2. + snores { long rods wact{sl homog. lmo . o to gas layer
long cans. rods homog good growth hds. + whirte col.on n.s.
3. + rods variashle(coapaid) | atmost compl.homep.| tme, Arthrobecter sp.?
{rregulsr clust. | Crouth a ‘t_oo“?! 4del 4. cacct (a lreepula
3. + cocel nias layer Gmo , +.pond hom. Jclusters
anpear to be medium to good hom.| 2da. ¢ cocet in pates &
6. + cocel dinlococet entire pas lnyer Lo . . cansute
med, rods tn medium to good hom.| 4da. b= alow to grow
1. « rods clusters entire pas layer 4mo . + morph.uncertatn
artanh-11ke proun< paretial homop. Gde. 4,- slow growth H
8. ¢ coccl | some 4-B cella 4me . + uncerealn morph.
ahart cane, rode lparcial hom. hetow | 4da, + tipht srowth unde
t. + rods 2-4eet) grouns gas laver hme , + L!“’ layer
dielacoced! In s1ipht hom under Las, . slow to grow, it e
__1- + coccl clusters gae laver homog.+ | imo. » homog .
random prouning ring of .rovsh 13 hds . . grrowth stow bot
3. + rods top contect ¢ glass) dmo. + survives long tern
short rods in paretinl homog. bada, + growth tight but
[ B - rods random aroups under pas tayer amo . 3 survives inng ter)
Jda. Yight nctive growth ove
3. 7 tost et Med, -good honok. 4mo. good « long term
tong snare-Farming partisl hom, Lds, 1ighe + zpore-forming
5. ¢ s.f.r frods in chains 4mo. good  + Racillus sop.
nonspore forming parctal to good 2dn. tight ring of growth at
4. . rods rods random peps. | homog. 4mo. good 4 top edge ¢ glase
tetracoccold {n rartial homog. Gda, Vight » ring of growth at
S, +_coccl 1lrouus-c1ust!r$ dmo. medium-pood [glasse edpe 1
shore rods in oarcist to good Gda, tight » ring of growth ot
6. + rods  Jrandom goruns homag . 4mo. good ¢+ 2less edge
share rods in medlym to goad 2ds. lighe hesded growth at
1. -~ _rods random groupy homog . amo. med te pood gless edpe
roda in circular no apoarent homog. | 4da. - yeltow-gold col.
1. - rods ostterns bmo ., 4,2€7) survives but n.g.]
aemi vibrio-like | partial homog. 4da. . from white colony
2. + rods  {in circ. groups [ good homag. 4o 2 good survivel & e}
very seall rods good homoy. bde. + form {rridescent
A, =_rods 2ood_homog. dmo. + col,)Pseudomonss |
short rods med. homog. &da. + Pseudomones-1ike
[N =_rods _Rood homog, bm, + morph.
var. | short rods of partisl homog. Ads. . 1.0.uncertain(?)
1. 4.~ yodsl vprieble morph. ! good homog. bmo. [Y (Artheobecter) — §
var.| Yong rods of var.] medium to good 4das. . 1.D.uncertsin(?)
L 4,= rodslmorph, homog . émo . e
var.f short rods in partial to good bdn, + sctive growth
10, sa-_trodsl cleculear clu _bomog, 4mo, ss Over Jong term
Rm).TSB edded to
B.mep. |+ rods sgote-l:r,in. rod|no growth no homog. | Jmo. - ube revived sooreh
> ml.
t,cold short rods growth below gas 2-4de. + jno homog . (TSH edde
{fecal)] - rody tsyer Imo. - ino growth {n ABhe.
smelt cocct ln Rood homog. 2de.=-Imo. ' sctive growth
M rossud.t coccl il clusters - — e = S S I
E.aerord ¢ coccl ! cocet tn clusters| excellent homog. Lza.. Jmo. e+ Jpreviousty g.» in N
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SITMARY

CONCLUS TONS

Samnle, W%

1. The nonularion hy Srandard Plate Count was JO,000(renorted tn the nenrest rwo significant
fiaurea) [ 1nomt (T6nfimt ),

?, VTen tenlarecs urer plcked from atreak plares and pur Inte Pure Calrture on Mt Chratn heare
tnfusion). OF the ten banlates, A lqolnters were aricited For culturing In B,

Y. Five of the aix cuirures praduced ar leaat partial homogenization of the gasoline taver. One
did nar produce any changs hut seemed to grow luat under the gasoline laver,

4, A varierty of marpholagic cell tynes were found hut Cram » ceccl were most common.

Samnte WHOZ2-2R:

F, The nopularion repacted bs 76,0007100m), (740/m0 ),

7. Ten ol themnat nrominent tynea of colonlen renresenting 4% of the ponvlation were picked to
Pure Tubture on RS

1, af the ren colnnics {n Pure Culture, five were selected for culture i{n the NDM,

&. Four of the cultures were Cram- rods and one was & gram vartahle rod,

Sample WHITL AL

1. The nonulatian cenarted 13 5, R00/100m8  (S6/ml ).

7. Ten of the mnat cnmmon rolony types repreasonting 97% of the nopulation were nicked to Pure
Colrure on PHIL,

I. Of the ten colturgs,elipht were selected for culture in the NOM,

4. Thiee were Cram 1 rade, tun were Cram - roda, and three were Cram + cocel

. One snccien fallerd to oroduce homogenization of the gasnline laver but the remsining seven
species gave partial to good homogenizat lon over the long period of tacubation.

Sempie 100G 1K:

1. The nonuiation rronstes Ia &, 6007/100m) , (4himt),

7. Fight cclonics uere picked to Pure Cultnre.

Y. Of these, 6 uere sclected for culture in NDW,

4. Tuo uwere Gram ¢ rods, one was & Gram - rod, and one was » (iram + corcus.

5. Al af the cultnres develnned alowly, survived to some degree, and yielded oartial to no
homapgentzation,

Samnte 004 -7R:

1. The populatinn reparted (a 61 .0/ 100m), (6I0/m1.).

?. Ten coloales were plicked to Fure Culture,

1. Of these, sin were selectéd 1ar culture {n the NOM,

4, One uss lost diue to a tah accident. One was o Yong Gram + soore forming rod{afr) nrobahly »
species of the peaus Maclitug, Two were fGiram o+ spore forming rods, and one was & Gram ~ rod
ne was & fram ¢« coccuw,

S, A1l produced partlal to good homogentzation and survived the long tacubation period. The
Gram + afr wae recovered (n auhasguent culture hecause of regenerstion of the spores.

FXN RIOPONR #3: The Fuxon BloFund svstem I3 o (unctioning ecosvstem desipned to ut{lize hact~

hacteria for the hindepradation f phenaols and other relnted nhenolic hydrocachons in refinery
waste water which 1s ultimatsty diacharped into the Yellowstone River east of Rillings, WT,

1. Ten tsolaters were orepared from EAP-) water and carried atong with the experimental well
waters.

2. Seven of the ten hinpand lanlates are herevith renorted,

3. All isolates, encept for one vihrlo-llkelcommn shaped) specien, wers gram volahle or gram -
rods.

4, A:l produced nartisl to good and very good homogenization of the gasoline layer over the lon
perfod of (ncubation.

KNOWN SPFCIFSI Flve know sneclee, common to ground snd vell waters were carried along in the

same manner 8% the ahove enperimcatal specles, Results follows

§, Staphylococcus sureus{-), fram + coeci, Mo homogenizstion, fatled to survive long term
Encuhat fon.

2. Racillys suhtilus, Gram + soore forming rods, No homopenitetion, spores survived & grew on
TSR after I montha.

Y. £ coll, firam - rods(from a fecal source), slight homogenization, grew under the gosoline
laver, were vishle after lone incubacion,

&. Micrococcus so., Tram + coccl, produced good homogenizetion syrvived long incuhation.

5. Enterococcusifrom a water samnle that oroduced gas tn lactose), Gram + coccus, Excellent
homogenirzation remained viahle over tong verfod of incubstion.

This, the second study, of wells contaminated by gasoline strengthens the (trat study hy helng
more Inclusive, somewhat more suroorted by compsriscn with (1) Known species of bacteria often
found In well, groun snd surface vaters, and (1) hy some Timited comparison with the EXXON
BioPond avstem Pond FY.

154

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




APPENDIX C

Page
Input Data for PLASM Model 156
River Level and Leakance Data for Transient 165
PLASM Runs
Constant Head Boundary Data for Transient 173
PLASM Runs
Leakance Computation: Comparison with Clark (1986) ___ 179
PLASM Generated Head Distribution Across Study 180
Site: July, 1984 - June, 1987
Modeled, Seasonal Potentiometric Surface Maps ____ 186
Calibration of FLASM 1920

Regression Analyses (Lotus) of Actual vs. Simulated _ 195
Head Data (PLASM)

Difference Plots of Actual vs. Simulated Head 205

Randomwalk Data: Simulated Contaminant Migration 210
from May, 1983 through August, 1985

155

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



nase:C: \BILL\JAN.PLA EXTERNAL FILE FOR PLASM MODEL

U

N

N
0

r =T

1 192.6138

— -
L= = I - - VI - ) B R VLB A B |
333
O-DQOOOOOQOQ%%%

o i
LA AP

16

ol G Gl b G Ll G e NI BRI RO R RO PR RO BRI RS BRI RO B3 B3 R R N R b bk e ea bt sk e g pee b e e b e e e e R

O ~d O LA I ¢4 M

0.09

1110000
1110000
1110000

7.48052

1110000
1110000
1110000
7770000
T770000

0
0
0
0
0
0
0
0
0
i

i
b}
WAL

1250000

7770000
7770000
fi

—

— —

§§
OO D OO D O D

1150000
8050000
8050000
8050000

3885000

108423
1.0E+23
1. 0E+23
1.06+23
1.0E+23
{.0E+23
0.106
0,106
0.106
0.104
0.106
0.106
0.106
0.108
0.104
0,106
0.106
0.106
0.106
0,106
0,106
0.106
L0+
LOE+23
JET
0.106
0.106
0.104
0.106
0.106
0.106
0. 106
0. 104
0.106
0.106
0.106
0.108
0.106
0.106
0.106
0.104
1. 0E+23

-

—

Input Data for PLASM Model

3141
3141
3141
3141
3141
3141
3145
3145
3145
3145
3145
3145
3143
3143
3145
3145
345
3143
3143
14
3145
3145
3141
MD)
3141
3145
3145
3145
3145
31435
3143
3145
3145
3145
3145
3145
3145
3143
3143
3145
3143
3141

L o e B A~ B - B - SRR~ — B - B = = S - Y — e B T Y e e ]

D DD D D OO D DD DD DD DD 0O D DD DD D000 00D 0 0000000 0 o
[==3

DR O D O D OO OO MDD DO D OO DD DD D O OO OO0 SO0 O DO D
D D O DD DO DD DO DO 00O D00 DD 0O 0000 D 0 000 0000 0O D

[T =N — B~ R = W P e IR~ 2~ B~ B = e R~ o i e = i

b
w0
o

3030
3030
3030

3030

3030

3030

3030
3030
3030
3030
3030
3030
3030

3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030
3030

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

588 . .coccooo-52EEEE

.

[ %

EEETEE SO, § 1 |

L Sad v = e

g

-EEE ST DO | | 11



Coli Rowj Ti Tj 5 H

o
=
=
a8
;3
)

3 9 111000 111000 1.0E¢23 314l 0 0 0 0 W
3 10 111000 111000 1.0€423 3141 0 0 0 0 3030
3 11 111000 111000 1.06+23 3141 0 0 0 ¢ 3030
3 12 2M200 244200 1.0E+23 3141 0 0 0 0 WX
3 13 200200 284200 1.0E#23 3141 0 0 0 0 AW
3 1 204200 0 LOES3 3141 0 0 0 0 3030
3 15 0 0 0106 3145 0 0 0 0 3030
3 16 0 0 0106 3145 0 0 0 0 3%
3 17 0 0 0.106 3145 0 0 0 0 3030
4 1 0 1150000 0.106 3145 0 L1 38321 3149.21 3030
4 2 1130000 1150000 0.106 1145 0 L1 315521 3M49.2t 3030
4 3 1130000 1150000  0.106 3145 0 0 0 ¢ 30
4 4 BOS0000 80350000  0.106 3145 0 0 0 0 30
4 3 8050000 B0S0000 0.106 3145 0 0 0 0 33
4 & 8050000 8050000 0.106 3145 0 0 9 0 I
4 7 8050000 8050000 0.106 3145 0 ¢ 0 0 3030
4 8 4025000 4025000 0.106 3145 0 0 0 0 3030
4 9 100 115000 0.106 3145 0 0 0 0 3030
4 10 1515000 115000  0.106 3143 0 0 0 0 3N
4 1 115000 115000 0,106 3145 0 0 0 0 3030
4 12 233000 253000 0.106 3145 0 0 0 ¢ WX
4 13 283000 25 0.106 3145 0 0 0 0 33
4 14 244200 244200 1.0E+23 3141 0 0 0 0 XX
4 15 2044200 LU 1. /A SR ) 0 0 0 0 3%
4 16 0 ¢ 0106 3145 0 0 0 0 3030
4 17 0 0 0,006 3145 0 0 0 0 3030
5 1 0 U 0.106 3145 0 0 0 0 3030
3 2 1130000 1150000 0.106 3145 0 L1 315859 3149.59 0N
3 31150000 1150000  0.106 3143 0 0 0 0 X
3 § 0000 3430000 0.106 3145 0 0 0 0 3030
9 5 3450000 3430000  0.106 3149 0 0 0 0 3030
3 6 8050000 8050000  0.106 3145 0 0 0 0 3030
5 7 8050000 3030000 0.106 3145 0 0 0 0 3030
3 8 4025000 4025000 0.106 3145 0 0 0 0 3030
3 9 115000 115000 0.106 3145 0 0 0 ¢ 30X
b] 10 115000 113000 0.106 3143 0 0 0 ¢ 3030
3 i1 115000 115000 0.106 3145 ¢ 0 0 0 3030
3 12 253000 233000 0.106 3143 0 0 0 ¢ WN
3 13 233000 253000 0.106 3145 0 0 0 0 3030
] 14 253000 253000 0.106 31 0 0 ¢ 0 3%
3 15 244200 0 106423 3iMt 0 0 0 ¢ NN
3 16 0 0 0106 34 0 0 0 0 030
3 17 0 0 0.106 345 0 0 0 0 3030
b ! ¢ 0 0.106 38 0 0 0 0 3030
b 2 0 1150000  0.106 3145 0 1.1 315416 3190.16 3030
6 3 1130000 1150000 0.106 3143 0 1.1 31516 3iN0.16 3030
6 4 8050000 8050000 0.106 3145 0 0 0 0 3%
b 5 8050000 8050000 0.106 3145 0 0 0 0 3030
b b 8050000 8030000 0.106 3145 0 0 0 0 0
b 7 8030000 8050000  0.106 3145 ;) 0 0 0 030

—
un
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foli Rwj Ti Tj S H 0 R RH RD Bottos Ki Kj
6 8 425000 4023000 0.106 3145 0 0 0 0 3030 33000 33000
] ? 15000 115000 0,106 3145 0 0 0 ¢ W30 1000 1000
b 10 1130000 1150000 0.i06 3145 0 0 0 0 3030 10000 10000
b 11 233000 253000 0.106 3145 0 0 0 0 W 200 2200
b 12 253000 253000 0.106 3145 0 0 0 0 3030 200 2200
b 13 253000 253000 0.106 3145 0 9 0 0 0 200 2200
b 14 253000 253000 0.106 3145 0 0 0 0 330 200 2200
b 15 264200 244200 1.0E¢73  3iH) 0 0 0 0 W0 200 2200
6 16 244200 0 L.0E+23 314 0 0 0 0 3% 200 0
b 17 0 0 0.106 34 0 0 0 0 3030 0 0
7 1 0 0 0.106 3145 0 0 0 0 3030 0 0
7 2 0 0 0.106 3145 0 0 0 0 33 0 0
7 3 0 1130000 0.106 3145 0 L1 %N.68 315168 3030 0 10000
7 4 1150000 1150000 0,106 3145 0 L1 315,68 3151.68 3030 10000 10000
7 3 720000 920000 0.106 3145 0 0 0 0 3030 8000 8000
7 6 920000 920000 0.106 3145 0 0 0 0 3030 8000 8000
7 7 8030000 8030000 0.106 3149 0 0 0 0 3030 70000 70000
7 8 4023000 4023000 0.106 3145 0 0 0 0 W0 3000 35000
7 9 1150000 1130000 0.106 3145 0 0 0 0 3030 10000 10000
7 10 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
7 11 253000 253000 0,106 3145 0 0 0 0 3030 200 2200
7 12 283000 25300 0.106 3145 0 0 0 0 N0 200 200
7 13 253000 233000 0.106 3145 0 0 0 0 03 200 200
7 14 25300 233000 0.106. 316 0 0 0 0 300 20 2%
7 13 253000 253000 0.106 3145 0 0 0 0 303 200 2200
7 16 204200 244200 L.0E#Z3 314 0 0 0 0 3030 200 200
7 17 248200 VIt 2 7A SR L 0 0 0 0 303 200 0
8 1 0 0 0106 3145 0 0 0 0 N30 0 0
8 2 0 0 0,106 345 0 0 9 0 303 0 0
8 3 0 0 0.106 3145 0 0 0 0 3030 0 0
8 § 1130000 1iZ0000  0.108 3145 0 1.1 3186.63 3152.63 3030 10000 10000
8 3 8030000 8050000 0,106 3145 0 0 0 H 3030 70000 70000
8 & BOS0000 8050000  0.106 3145 0 0 0 0 3030 70000 70000
8 7 8030000 80Z0000  0.106 3145 0 0 0 0 3030 70000 70000
8 B 4025000 4020000 0.106 3145 0 0 0 0 330 35000 3000
8 § 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
8 10 1150000 1150000  0.106 3145 0 0 0 ¢ 3030 10000 10000
8 11 253000 253000 0.106 3145 0 0 0 0 W% 200 20
8 12 1150000 1150000  0.106 3145 0 0 0 0 3030 10000 10000
8 13 253000 253000 0.106 3143 0 0 0 0 303 200 2200
8 14 233000 253000 0.106 3145 0 0 0 0 3030 200 200
8 15 253000 253000 0.106 345 0 0 0 0 3030 20 200
8 16 233000 253000 0.106 3145 0 0 0 0 3030 200 200
8 17 233000 0 0.106 385 0 9 0 0 00 20 0
? ! 0 0 0106 345 0 0 0 0 3030 0 0
§ 2 0 0 0106 3145 0 0 0 0 3030 0 0
9 3 0 0 0.106 3145 0 0 0 0 3030 0 0
9 4 1150000 1130000  0.106 3143 0 L1 3197.2 3R.2 030 10000 10000
9 5 8050000 8050000 0.106 3145 0 0 0 0 3030 70000 70000
9 6 8050000 8050000 0.106 3145 0 0 ! 0 3030 70000 70000
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Coli Rowj Ti Ti 5 H g R RH RD Bottos
% 7 BO30000 8050000 0,106 3145 0 0 0 0 W
9 8 4025000 4025000 0.106 345 ¢ 0 0 0 3
? T 1150000 1150000 0,106 3145 0 0 0 0 WX
7 10 1150000 1150000 0.106 3145 0 0 0 0 3030
§ 11 1150000 1150000 0.106 3145 0 0 0 0 303
9 121150000 1150000 0.106 3145 0 0 0 0 30
9 13 1150000 1150000 0,106 3145 0 0 0 0 30N
§ 14 1150000 1150000  0.106 3145 0 0 0 0 3030
9 15 255000 253000 0.106 3145 0 0 0 0 3030
9 16 233000 253000 0.106 3145 0 0 0 0 3030
9 17 253000 0 0.106 3143 0 0 0 0 3030
10 1 0 0 0106 314 0 0 ¢ ¢ WX
10 2 0 0 0.106 3145 0 0 0 0 3030
10 3 0 0 0.106 3145 0 0 0 0 3030
10 4 1150000 1130000 0.106 3145 0 L1 3157.67 31867 3030
10 9 8050000 8030000 0.106 3143 0 0 0 0 33
10 6 8030000 8030000  0.106 3143 0 0 0 0 30N
10 7 9050000 8030000 0.106 3145 0 0 0 0 3030
10 B 4025000 4025000 0,106 3145 0 0 0 0 3030
10 § 1150000 1150000 0.106 3145 0 0 0 0 3030
10 10 1150000 1150000 0.106 3145 0 0 0 0 33
10 111150000 1150000  0.106 3145 0 0 0 0 300
10 12 1150000 1130000 0,106 3145 0 -0 0 0 303
10 13 1150000 1130000  0.106 3143 0 0 0 0 3030
10 14 1150000 1190000 0,106 3145 0 0 0 0 3030
10 15 233000 233000 0.106 3145 0 0 0 0 3030
10 16 233000 233000 0.106 3145 0 0 0 0 303
10 17 233000 0 0.106 3145 0 0 0 0 3030
i1 1 0 0 0,106 3145 0 0 0 9 3030
i 2 0 0 0,106 3145 0 0 0 0 3030
1t 3 0 0 0,106 3145 0 0 0 0 I3
i § 1130000 1150006  0.106 3145 0 t1 313819 JIS 0 30%0
11 3 8050000 8030000 0,106 3145 0 0 0 O 3030
11 6 BOS0000 8050000  0.106 3143 0 a 0 0 3030
i 7 8050000 8050000 0,106 3145 0 0 0 0 303
11 8 4025000 4023000 0.106 3145 0 0 0 0 3030
ti 9 4025000 4025000 0.106 3145 0 0 0 0 3030
1 10 1150000 1150000 0.106 3145 0 0 0 0 X
11 11 1150000 1150000 0.106 3145 0 0 ¢ 0 XN
1 12 1130000 1150000 0.106 3145 0 0 0 0 3030
i1 13 1150000 1130000 0,106 3145 0 0 0 0 3%
1 14 1150000 1130000 0.106 3145 0 0 0 0 WX
11 15 1130000 1150000 0.106 3145 0 0 0 0 3030
1 16 1150000 1150000 0.106 3143 0 0 0 0 0%
i1 17 1130000 0 0,106 3145 0 0 0 0 3030
12 1 0 0 0.106 3143 0 0 0 0 W
12 2 0 0 0.106 3145 0 0 9 0 3030
12 3 0 ¢ 0.106 385 0 0 0 0 3030
12 4 0 1130000 0.106 3145 0 f.1 315872 315472 3030
12 3 1150000 1150000 0.106 3143 0 1.1 3198.72 315472 0%
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Coli PRmwj Ti Ti 5 H 8 R RH R}  Bottos Ki Kj
12 & 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
12 7 8050000 8050000 0.106 3145 0 0 0 0 3030 70000 70000
12 8 4023000 4025000 0,106 3145 0 0 0 0 030 35000 35000
12 9 402000 4025000 0.106 3145 0 0 0 0 3030 35000 35000
12 10 4025000 4025000 0.106 3145 0 0 0 0 3030 35000 35000
12 11 1150000 1150000 0.106 3145 0 0 0- 0 3030 10000 10000
12 12 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
12 13 1150000 1150000  0.106 3145 0 0 0 0 3030 10000 10000
12 14 1130000 1130000 0,106 3145 0 0 0 ¢ 3030 10000 10000
12 15 1150000 1130000 0.106 3145 0 0 0 0 3030 10000 10000
12 16 1150000 1130000 0.106 3145 0 0 0 0 3030 10000 10000
12 17 1130000 0 0.166 3145 0 0 0 0 33 10000 0
13 i 0 0 0,106 185 0 0 0 0 3030 0 0
13 2 0 0 0.106 3145 0 0 0 0 3030 0 0
13 3 0 0 0.106 3145 0 0 0 0 3030 0 0
13 4 0 0 0.106 3145 0 0 0 ¢ 3030 0 0
13 3 0 1150000 0.106 3145 0 1.1 315%.86 3155.86 3030 0 10000
13 6 1150000 1150000 0.106 3145 0 L1 3159.86 3155.86 3030 10000 10000
13 7 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
13 8 1150000 11350000 0.106 3145 0 0 0 0 3030 10000 10000
13 7 4025000 4025000 0.106 3145 0 0 0 0 3030 3000 3000
13 10 8020000 4023000 0,106 3145 0 0 0 0 3030 D00 5000
13 11 1150000 1130000  0.106  J145 0 0 0 ¢ 030 10000 10000
13 12 1130000 1150000  0.106 3145 0 0 0 0 3030 10000 10000
13 13 1130000 1130000 0.106 3145 b 0 0 0 3030 10000 10000
13 {4 1150000 1150000 0,106 3143 0 0 0 0 3030 10000 10000
t3 15 1150000 1150000  0.106 3145 0 0 { 0 3030 10000 10000
13 16 1130000 1150000  0.106 3145 0 0 0 0 3030 10000 10000
13 17 1136000 h 0106 3145 8 0 0 ¢ 3030 10000 0
14 { 0 0 0106 3145 0 0 b 0 30X 0 0
14 2 9 O 0.106 3145 0 0 q N 0 0
14 3 0 O 0106 318 0 0 0 0 3030 0 0
14 4 0 ¢ 0106 3M4G 0 0 0 0 3030 0 0
14 3 0 0 0.106 3145 0 0 0 0 3030 0 0
i4 & 1136000 1130000 0,106 3143 0 1.1 316138 315738 W30 10000 10000
14 730000 1130000 0.106 3145 0 0 0 0 3030 10000 10000
14 8 1130000 1130000  0.106 3145 ¢ 0 0 0 3030 10000 10000
4 9 1150000 1150000  0.106 3143 0 0 0 0 303 10000 10000
14 10 1150000 1150000 0.106 3145 0 0 0 0 030 10000 10000
14 11 1150000 1150000  0.106 3145 0 0 0 0 3030 10000 10000
14 12 1150000 1150000  0.106 3145 0 0 0 0 3030 10000 10000
14 13 1130000 1150000  0.106  3i45 0 0 0 0 3030 10000 10000
14 14 1150000 1130000 0,106 3145 0 0 0 0 3030 10000 10000
14 15 1130000 1150006  0.106 3145 0 0 0 0 3030 10000 10000
14 16 1150000 1150000  0.106 5145 0 0 0 0 3030 10000 10000
14 17 1150000 ¢ 0.106 3145 0 0 0 0 3030 10000 0
13 1 0 0 0.106 3145 0 0 0 0 3030 0 0
13 2 0 0 0,106 3145 0 0 0 ¢ 303 0 0
15 3 0 0 0106 345 0 0 0 0 300 0 0
15 4 0 ¢ 0.106 3149 0 0 0 ¢ 30X 0 0
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Coli Rwj Ti Tj 5 H g R RH RD  Bottos Ki Kj
13 3 0 0 006 345 0 0 0 0 3030 0 0
15 6 1130000 1150000 0.106 3145 0 L1 3162.04 315804 3030 10000 10000
15 T 1150000 1150000 0.106 3145 0 0 0 0 30 10000 10000
15 8 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
13 9 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
15 10 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
13 11 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
15 12 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10009
15 13 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
13 14 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
15 153 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
15 16 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
15 17 1130000 0 0106 345 0 0 0 0 3030 10000 0
16 1 0 0 0.106 3145 0 0 0 0 303 0 0
16 2 0 9 0.106 3145 0 0 0 0 3030 0 0
16 3 0 0 0.106 3143 0 0 0 ¢ 3030 0 0
16 4 0 ¢ 0.106 3145 0 0 0 0 3030 0 0
16 3 0 0 0106 314 0 0 0 ¢ N30 0 0
16 b 1130000 1130000 0.106 3145 0 1.1 316261 3158.61 3030 10000 10000
16 7 1130000 £130000  0.106 3145 0 0 0 0 3030 10000 10000
18 8 1150000 1130000 0.106 3145 0 0 0 0 3030 10000 10000
16 9 1150000 1150000 0,106 3145 0 0 0 0 303 10000 10000
16 10 1130000 150006 0.106 3145 0 0 0 0 3030 10000 10000
16 11 150000 1150000  0.106 3145 0 0 0 0 3030 10000 10000
th 12 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
16 13 1130000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
14 14 1130000 1130600 0,106 3143 0 { 0 0 3030 10000 10000
16 15 1130000 %50 0,106 3143 0 0 0 0 3030 10000 10000
16 te 1130000 fiT000 0,106 3143 0 0 d 0 3030 10000 10000
16 17 1130000 v 106 38 0 0 0 0 030 10000 0
17 ! 0 T 0106 3148 0 0 0 0 3030 0 0
17 2 U] 0,106 3145 0 0 0 0 3030 0 0
17 3 0 i 0106 3145 0 0 0 ¢ BN 0 0
17 ] 0 9 0106 314 0 0 0 0 3030 ¢ 0
17 b] 0 0 0006 314D Q 0 0 0 030 0 0
17 ) 0 113000 0,106 3145 0 f.1 3183.66 J159.66 3030 0 10000
17 7 1150000 (150000  0.106 3145 0 1.1 3163.66 3159.66 3030 10000 10000
{7 8 1130000 1130000  0.106 3145 0 0 0 0 3030 10000 10000
17 9 1150000 1130000 0,106 3143 0 0 0 0 3030 10000 10000
17 10 1150000 1130000  0.106 3145 0 0 0 0 3030 10000 10000
17 11 1150000 1150000 0.106 35143 0 0 0 0 3030 10000 10000
17 12 1150000 1130000 0.106 3145 0 0 0 0 3030 10000 10000
17 13 1150000 1150000  0.106 35145 0 0 0 0 3030 10000 10000
17 14 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
17 15 1150000 1130000  0.106 3145 0 0 0 0 3030 10000 10000
17 16 1130000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
17 17 113000% 0 0.106  3H45 0 0 0 0 3030 10000 0
18 1 0 0 0.106 3145 0 0 ¢ 0 303 0 0
18 2 0 0 0106 3145 0 0 0 0 W3 0 0
18 3 0 0 0.106 3145 0 0 0 0 3030 0 0
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Coli Rwj T Tj 5 H t R RH RD Bottos Ki Ki
18 4 0 0 0.106 34 0 0 0 0 3030 0 0
18 3 0 0 0106 3 0 0 0 0 W 0 0
18 b 0 0 0,106 3145 0 0 0 0 3030 0 ¢
18 7 0 1150000 0.106 3145 0 L1 Jisd.42 310,42 3030 0 10000
18 8 1150000 1150000 0.106 3145 0 Ll 316042 3160.42 3030 10000 10000
18 § 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
18 10 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
18 11 1150000 1150000  0.106 3145 0 0 0 0 N3N0 10000 10000
18 12 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
18 13 1150000 1150000 0.106 3145 0 0 0 0 3030 10000 10000
18 14 1150000 1150000 0.106 3145 0 0 0 0 33 10000 10000
18 15 1130000 1130000 0.106 3145 0 0 0 0 3030 10000 10000
18 16 0 1150000 0.106 3143 0 0 0 0 3030 0 10000
18 17 0 0 0.106 3145 0 0 0 0 3030 0 0
19 { 0 0 0006 6 0 0 0 0 330 0 0
19 2 0 0 0.106 314 0 0 0 0 3030 0 0
19 3 0 0 0.106 3145 0 0 0 0 3030 0 0
19 4 0 0 0106 3JH5 0 0 0 0 3% 0 0
19 3 0 0 0106 3145 0 0 0 0 3030 ¢ 0
19 b 0 & 0.106 314 0 0 0 0 WX 0 0
19 7 0 0 0106 3145 0 0 0 0 30X 0 0
19 8 0 1150000 0,106 3145 0 L1 3185.27 316127 3030 0 10000
19 9 1150000 1130000 0,106 3145 0 1.1 3165.27 3161.27 3030 10000 10000
1% 10 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
19 11 1130000 1130000  0.106 3145 0 0 0 0 3030 10000 10000
19 12 1150000 1150000 0,106 3145 0 0 0 0 3030 10000 10000
19 13 1130000 1130000  0.106 3143 0 0 9 0 3030 10000 10000
19 14 1150000 1130000 0,106 3145 0 0 0 0 3030 10000 10000
19 15 1130000 O 006 3145 0 U] 0 0 3030 10000 0
19 16 0 0 0106 3145 0 9 0 0 3030 0 0
19 17 v g 0.106 3145 0 0 0 ¢ 3030 0 0
20 1 0 0 0106 38 0 0 0 0 303 0 0
20 2 ] 6 0106 314 0 0 0 0 3030 0 0
20 3 0 0 0.106 3143 0 0 0 0 W30 0 0
20 4 0 0 0106 3145 0 0 0 o 3030 0 0
2 N 0 0 0.106 3145 0 9 0 0 3030 0 0
20 6 0 0 0106 3145 0 0 0 ¢ 3030 0 0
2 7 0 0 0106 345 0 0 0 0 3030 0 0
20 8 0 0 0106 3D 0 0 0 OB 121 0 0
ol 9 0 130000 0,166 343 0 L1 3163.73 36175 30N 0 10000
20 10 0 1150000 0,106 3143 0 L1 3185.75 S18L73 3030 0 10000
20 11 0 1130000 0.106 3143 0 L1 3165.73 316L75 300 0 10000
20 12 1130000 1150000  0.106 3145 0 1.1 318579 316073 3030 10000 10000
20 13 1150000 1130000  0.106 3145 0 0 0 0 3030 10000 10000
20 14 1150000 1130000  0.106 3145 0 0 0 0 3030 10000 10000
20 15 1150000 0 0.106 314 0 0 0 0 3030 10000 ¢
20 16 0 0 0.106 3145 0 0 0 0 3030 0 0
X 17 0 ¢ 0.106 3143 0 0 0 0 330 0 0
2 ! 0 0 0.106 3145 0 0 0 0 3030 0 0
2 2 0 0 0.106 345 0 0 0 0 3030 0 0
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Coli Rmj Ti

T 5 H ! R RH RD Bottos Ki Kj

2 3 0 0 0.106 3145 0 ¢ 0 0 3030 0 0
2 4 0 0 0.106 314 0 0 0 0 303 ¢ 0
2 b] 0 0 0.8 34 0 0 0 ¢ 3030 0 0
2 [} 0 0 0,106 3145 0 0 0 0 303 0 0
21 7 0 0 0.106 3145 0 0 0 0 3030 0 0
2 8 0 0 0.106 34 0 0 0 0 3030 0 0
21 9 i 0 0106 345 0 0 0 0 303 0 0
2 10 0 0 0106 3145 0 0 0 0 3030 0 0
21 i1 0 0 0.106 3145 0 0 0 0 3030 0 0
A 12 0 1150000 0.106 3145 0 f.1 3166.22 62,2 300 9 10000
PA| 13 1150000 1130000  0.106 3145 0 f.1 3166.22 316222 3030 10000 10000
A 14 1130000 1150000 0,106 3145 0 0 0 ¢ 3030 10000 10000
2 15 1130000 0 0,106 3145 0 0 0 0 N30 10000 0
2 16 0 0 0.106 3143 0 0 0 0 3030 0 0
A 17 0 0 0106 3145 0 0 0 0 303 0 0
2 1 0 0 0.106 3145 0 0 0 0 3030 0 0
22 2 0 0 0106 345 0 0 0 0 3030 0 0
y /] 3 0 0 0106 3145 0 0 0 0 3% 0 0
22 4 0 0 0106 3145 0 0 0 0 3030 0 0
2 3 0 0 0,106 3145 0 0 0 ¢ 3030 0 0
2 b 0 0 0.06 3143 0 0 0 ¢ 3030 0 0
y/4 7 0 0 0106 3143 0 0 0 0 3030 0 0
22 8 0 0 0.106 345 0 0 0 0 3030 0 0
z 9 0 0 0,108 3145 0 0 0 0 3030 0 0
22 10 0 0 0.106 3145 0 0 0 0 3030 0 0
2 11 0 0 0106 3145 0 0 0 0 % 0 0
2 12 ] ¢ 0106 3145 D 0 0 0 2030 0 0
2 13 0 115000 0.106 3145 0 Li o 31667 31627 3030 0 10000
22 14 G i1E0000  0.106 3145 0 L1 31667 31627 3030 0 10000
2 13 0 0 0106 3145 0 0 0 0 3030 0 0
2 14 D g 0106 I8 0 0 0 0 3030 0 0
2 17 0 ¢ 0106 3145 0 0 0 0 303 0 0
287

27

163

J69 Bottoa - bottom elevation of aquifer

164 Ki - conductivity in i direction

246 Kj - conductivity in j direction

636 @ - areal recharge rate

410 R - leakance factor

244 RD - confining bed head

205 RH ~ source bed head

205 S - storage factor

246 Coluan Spacing H - default head

492 Ti - transaissivity in 1 direction

456 1) - transaissivity in j direction

27

24

431

328

163
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369
25
208
205
29
39
369
e
205
164
123
123
38
24
164 Row Spacing
25

205
410
349
431
kY.
38
328
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River Level and Leakance Data for Transient PLASK Runs

River Depth + { Foot
Month Col i Rowj River Leakance River Dottoa Thickness

4 P HEBS 0W
4 2 318515 0.9
b] 2 3.8 0%
& 2 M. 0.9
) 3Ot 0.5
7 3 MRN8 0.9
7 4 N6 0.9
8 4 3156.38 0.9
9 4 5.5 0.9
10 4 U37.68 0.9
1 4 3138.11 0.9
12 4 J18.48 0.93
12 3 J18.68 0.9
13 5 31982 0.9
13 6 3139.82 0.9
14 6 516135 0.9
13 6 3162.01 0.9
14 6 3162.58 0.9
17 6 31634 0.9
17 7 3163.64 0.9
18 7 3144 0.5
18 8 3144 0.9
g 316526 0.9
JI8% 0%

) 10 3185.74  0.95

6574 0.9
316574 0.9
J166.21 0.95
Jeb.2t 0.9
36,69 0.95
36689 0.95
N0 0N
IR0 0.%
N7 0.
14,05 0.95
M08 0.9
%58 0.9
IR/ A%
%53 0.9
A1 0%
319, 0.95
3BT 0.9
J18.64 0.9
8.4 0.9
35719 0.9
MR 0.9
361,32 0.95

6L 0.9
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Month Coli Rowj River Leakance River Bottom Thickness

9 16 b 38257 0.9 4
9 17 b 3163.62 0.9 4
9 17 7 3165.682 0.9 4
9 18 7 33 0% 4
9 18 8 316839 0.9 4
¢ 19 8 31685.25 0.9 4
9 19 9 36528 0.9 4
k) 20 9 3573 0.9 4
9 20 19 387 0.9 4
9 20 11 873 0.9 4
9 20 12 316573 0.95 4
9 2 12 3166.2 0.9 4
9 2 13 31662  0.95 4
9 2 13 3166.68  0.95 4
9 2 14 3166.68 0.5 4
10 4 1 313296 0.9 4
10 4 2 3152.9% 0.9 4
10 3 2 RN 0.9 4
10 b 2 JN.92 0.9 4
10 6 3 318,92 0.9 4
10 7 3 3644 0.9 4
10 7 4 315544 0.9 4
10 8 4 115639 0.9 4
10 9 4 156,96 0.9 4
10 10 4 315.44 0.9 4
10 11 4 1157.92 0.9 L
10 i2 4 7158.49 0.9 L
10 iz 3 313889 0.9 4
10 'z 3 5963 0.9 4
10 i & 3139.63 0.9 4
0 14 § 3161.13 0.9 4
19 13 & 3141.82 0.9 4
10 ih 6 3162.39 0.9 4
10 i 6 1634 0.9 4
10 17 7 J163.44 3.9 4
10 18 7 3184.2 0.9 4
10 1 B 3184.2 0.9 4
10 19 8 3163.06 0.9 4
10 19 7 3163.06 0.9 4
10 2 § J16.54 0.9 4
10 20 10 3165.54 0.9 4
10 20 1t J165.34 0.9 4
19 2 12 3165.54 0.9 4
10 21 12 3166.01 0.9 4
10 21 13 186,01 0.9 4
10 2 13 3166.49 0.9 4
10 2 14 3166,49 0.9 4
11 4 1 3329 1 4
1 4 2 389 ! 4
1 5] 2 %7 1 4
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Month Coli Rowj River Leakance River Bottos Thickness

i1 b 2 BB 1 4
{1 b 3 BB ! L
i1 7 3 3155.48 ! 4
1 7 § 3155.48 1 4
i1 8 § 31564 1 4
it 9 4 3157.01 { 4
i1 10 4 3157.49 1 4
11 1 § 3157.97 1 4
1 12 4 UB.H i 4
11 12 3 38 { 4
i 13 3 3199.89 ! 4
1 13 6 3159.69 1 4
1 14 6 31612 1 4
1 15 b 3161.89 1 4
1 b 6 162,47 t 4
i 17 6 3163.32 { 4
11 17 7 3183.52 | 4
1 18 1 J14.28 ! 4
11 18 8 318429 1 4
11 19 8 3165.15 ! 4
11 19 ¥ 3185.15 1 4
11 20 9 3185.63 ! L
i 20 10 5155.63 1 4
1 20 11 3163.83 1 4
11 20 12 3165.63 1 4
11 2 12 3166.1 t 4
i1 2 15 3lsb.1 1 4
1 z 13 3166.38 1 4
11 2 14 Jl66.58 ! 4
12 4 VAR 1 4
12 4 2 31827 1 L]
12 @ 2 3133.65 1 4
12 & 2 A2 | 4
12 ) 3 IN.22 1 4
12 l 3 315574 1 4
12 7 4 31565.74 1 4
12 8 4 136,69 1 4
12 ¥ § 3197.26 1 4
12 10 § 315174 t §
12 1 4 3138.21 1 4
12 12 4 3158.78 1 4
12 12 3 3158.78 ! 4
12 13 5 318.92 1 4
12 13 6 NN 1 4
12 14 6 316145 1 4
12 13 b J1e2.11 1 4
12 16 b 3162.68 1 4
12 17 6 8573 1 4
12 17 7 3163.73 1 4
12 18 7 316449 1 4
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2

Col i Row j River Leakance River Bottom Thickness

12 18 8 J164.49 1 4
12 19 8 3185.35 ) 4
12 19 ? 3165.35 1 4
12 2 7 3165.82 1 4
12 20 10 3165.82 l 4
12 Q0 11 3165.82 1 4
12 20 12 3163.82 ! 4
12 2 12 3166.3 ! 4
12 2 13 3166.3 1 4
12 /4 13 3166.77 I 4
12 2 13 3186.77 { §
1 4 b 318354 1 4
i 4 2 31534 1 4
1 5 2 38N 1 4
1 b 2 315449 1 4
1 b 3 M489 1 4
1 7 3 3156 i 4
1 ? 4 315 1 4
1 8 4 3156.% 1 4
i 9 4 3137.31 1 4
1 10 4 31519 ! 4
1 1 4 3138.4 1 4
{ 12 4 3159.03 1 4
1 12 3 J3159.03 1 4
1 M 3 3180.16 ! 4
1 13 b 3160.16 i 4
1 14 b J161.68 1 4
! 13 b 3162.34 1 ]
1 16 6 3162.91 1 4
! i7 6 N3.NB ! 4
1 i 7 316395 1 4
1 18 7 3164.71 i 4
1 18 8 Sleh7! 1 4
1 19 8 3163.3 l 4
1 19 9 3143.56 { 4
H 20 9 3166.03 1 4
1 20 10 3166.03 1 4
1 2 11 3166.03 1 4
1 20 12 3166.03 { 4
1 21 12 3166.5 1 4
1 2 13 31663 1 4
1 Z 13 3166.98 | 4
| 2 14 3166.98 1 4
2 ¢ 13 0% §
2 4 2 31524 0.9 4
2 ] 2 3.” 0% 4
2 b 2 31838 0.95 4
2 6 3 3B/ 0.9 4
2 7 3 NRg2 0.9 4
2 7 4 A%K.12 0.9 4
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Month Coli Rowj River Leakance River Bottoa Thickness
8 4 31NN 0.95
9 § %49 0.9
10 4 315%.98 0.9
it 4 7.4 0.9
12 4 3158.03  0.95
12 5 319808 0.9
13 5 N2 0.95
13 b 392 0.9
14 & 3160.77 0.9
15 6 36143 0.9
16 & 3162.04 095
17 & 38311 0.95
17 7 3611 9.93
18 7 3183.89 0.9
18 8 8.9 0.95
19 g 376 0.9
19 9 k76 0.9
2 9 3657 0.9
2 10 3165.23  0.99

2 1 8.5 0.9
20 12 3165.28 0.%5

Cd LA Gl Al G G G Gl G Gl G L G Dl G Gl L] Ll L 6 N L LA W R R R O N RN RS NSRRI RO NN NN
n e o dm e S B En e e e b e B e e Fe B B B e B B o e B e B e B S e e e P e e e e e e e e B e b

21 12 3165.74 0.9
21 13 3874 0%
2 13 31862 0.9
2 14 316622 0.9
4 38277 0.9
4 2 1571 0%
5 2 315518 0.9
b 2 MBTT A%
& I N8B 0N
7 I URAT 0N
7 4 0BT 0%
8 4 315%.23 0.9
9 4 313.81 0.9
10 4 35,29 0%
11 4 3571 0%
12 § NB.HU 0.9
12 3 8.3 0.%
13 3 UNS 0%
13 & N3 0%
14 6 316103 0.9
15 & 38l 0.9
14 6 3128 0.9
17 6 J183.34 0.9
17 7 316334 0%
18 7 s 095
18 8 Jedit 0.9
19 g 897 0.9
19 9 316497 0.95
20 9 3185.4% 0.9
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Month Coli Rowj River Leakance River Bottos Thickness

10 316545 0.9
11 3165.45 0.9
12 316545  0.%
12 3165.93  0.95
13 31659 0.9
3166.42  0.95
14 J166.482  0.95
I 334 103

—
L2 ]

2 UN4A 105
2 33.84 105
2 W4 1,05
3 4 1.08
I AW/AH LG
4 3159 LS
4 3156.91 1.03
4 3157.48  1.05
0 3 N57.9% 105
1 4 384 L05
12 4 33902 105
12 3 3302 1.0§
13 3 360,17 LS
13 b 3160.17 105
14 6 316171 1.03
3 6 J12.8 105
6 318.9% LIS
17 6 3164.01 1.05
17 7 314,01 1,05
18 7 3678 105
18 § 36478 105
19 g 165,44 .05
19 § J85.648 105

T2
>
~0

316612 05

Jlee.12 LS

a
<
—
<

AL LA N A LA U AN NN B et o b 30 Fa o b B e e fa P b b P o e 0 B g Bodn G QNG LY G NN
o —
= o
—
—

o km o e Le B G e B B B P e P e £ Fe e b e e s b e e P P e e e e e P e R e Bt e b S e e

366,12 105

20 12 3166.12 1.5
2l 12 31666 105
2 13 Sibb.6 1.0
2 13 3167.08 1.3
2 14 3167.08 1.0
4 I 31421 LS
L] 2 37T LD
J 2 3 LD
b 2 iJR/e LS
b 3N LA
7 3 31%.67 125
7 4 3156.67 L2
8 4 5.6 L2
9 § 3815 128
10 4 3138.62 1.2
{1 4 3159.08 1.5
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Month foli Rowj River Leakance River Bottom Thickness
3 12 4 .4 1.25 4
3 12 S J59.64 1.3 4
3 13 5 380,79 1L.25 4
3 13 & 380,79 1.5 4
3 14 6 162,23 1.25 |
S 15 6 3162.87 1.2% 4
5 16 & J163.43 1.5 |
S {7 & J184.45 1,28 §
5 17 7 3164.45 1.25 ]
3 18 7 3145.19 1.5 4
5 18 g J165.19 1.5 ]
3 19 8 I166.02 1.25 4
5 19 9 3146.02 1.5 ]
5 20 9 3166.49 1.8 4
3 20 10 31h6.49 1.2 4
3 20 11 316,49 1.5 §
S 20 12 3166.49 1.25 |
] 2 12 3166.95 1.5 4
5 2 13 3166.95 1.25 4
g 2 13 3167.41 1.25 4
5 22 14 3187.4 1,25 4
6 § 1 315272 113 4
& 3 2 3152.72 1.15 4
4 g 2 5. .15 4
& b 2 3193.69 .15 4
b 4 3 315,69 1,15 4
b 7 I 355,25 1.45 4
) 7 § 3155.25 115 5
b 3 § 313.22 1.15 4
b s 4 315%.8 .19 §
A i0 4 3157.28 1,15 4
b 1 § 35077 113 4
& 12 4 3158.35 115 4
b 12 5 138,35 1.19 4
& 13 3 3159.18 {15 4
b 13 b 3159.18 1.15 4
& 14 & 3181.07 1.13 4
b 15 6 3186175 1,15 4
b 16 6 316233 1,19 4
b 17 b6 31634 1.15 4
4 17 7 3163.4 115 4
4 I8 7 3164.18 115 4
b 18 B J144.18 1.13 4
A 19 8 3165.05 1.15 ]
& 19 9 J185.05 1,15 i
b 20 9 3165.54 1.15 4
& 20 10 7165.54 1.15 4
6 20 11 3165.94 1.15 ]
b 20 12 3165.H4 1,15 4
b 21 12 3166.02 .13 §
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Month Coli Rowj River bLeakance River Bottos Thickness

6 2 13 316,02 113 4
] 2 13 3166,31  L13 4
b 2 14 316651 1.13 4
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Constant Head Boundary Data for Transient PLASM Runs

Month Col i Rowj Head

139.25
3139.25
R R =]
313925
3139.25
3M39.25
3139.25
139,25
3139.25
319,23
3139.25
3139.25
3139.25
3139.25
3139.25
N5
31923
1925
3H39.25
N39.25
INA
139,25
9.5
3138.5
3138.5
3138.5
KRR
3138.5
3138.5
3138.5
31383
3138.35
3138.35
318,35
31383
3138.3
3138.9
3138.5
3138.3
3138.5
3138.5
3138.5
3138.5
3138.5
3138.5
31385
31536.2
3136.2
%2 173
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Month Coli Row j Head
10 l 4 313%.2
10 ! 3 3132
10 1 6 313.2
10 2 b 313.2
10 2 7 313.2
10 2 8 313.2
10 3 8 313%.2
10 3 T 3132
10 3 10 313.2
10 3 11 3136.2
10 3 12 3136.2
10 3 13 35136.2
10 3 14 13,2
10 4 14 3136.2
10 4 15 313%6.2
10 3 15 313.2
10 b 15 313.2
10 6 16 313.2
10 7 6 313.2
10 7 17 313.2
1 1 1 3138
1 ! 2 3i54.8
1 ! 3 N8
i 1 ¢ 3.8
1 1 3 314.8
1 ! 5 31N.8
11 Z 6 314.8
{1 2 7 3134.8
1l : 8 314.8
1 3 g 3148
11 3 9 3134.8
3! 3 10 314.8
It 3 i1 3.8
it M 12 314.8
i1 3 13 3134.8
1 3 14 3.8
1l 4 14 313.8
11 4 15 3134.8
i1 b] 15 N8
i1 6 15 314.8
11 b 16 3.8
1 7 16 3134.8
{1 l 17 3134.8
12 ! b3R8
{2 1 2 3.8
12 l 3 %8
12 ! 4 31%.8
12 i S 313.8
12 ! 6 3138
12 2 6 313.8
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Month Coli Rowj Head

333.8
31R.8
J%.8
3133.8
3183.8
3135.8
31%.8
3R.8
3133.8
313.8
31358
3133.8
3133.8
31338
3.8
3133.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
328
3132.3
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.4
3132.4
3132.4
3132.4
3132.4
M32.4
3132.4
3132.4
3132.4
3132.4
3132.4
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Month  Col i Head

)
e o

—
<>

3132.4
3132.4
3132.4
3132.4
3132.4
3132.4
3132.4
3132.4
1324
31324
3132.4
3132.4
3132.8
3132.8
3132.8
3132.8
3132.4
3132.48
3132.8
3132.8
3132.8
3132.8
332.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
3132.8
JiR.8
3132.8
3132.8
31328
3134.2
3134.2
3134.2
3134.2
3134.2
31,2
1.2
3132
312
3134.2
3134.2
3134.2
3134.2
3134.2
3134.2
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2
g

Row j Head

14 31342
14 3513.2
15 3134.2
15 31342
15 3.2
16 34,2
16 314.2
17 313.2
I 3139.8
3139.8
3139.8
3139.8
3139.8
313.8
3139.8
3139.8
3139.8
3139.8
3139.8
10 3139.8
11 3139.8
12 3139.8
13 3139.8
14 3139.8
14 3139.8
13 3139.8
15 3139.8
5 3139.8
3139.8
7139.8
3139.8
3140.4
3140.6
3140.4
3140.6
2180.6
3140.6
3140.6
3140.6
3140.6
3140.6
3140.6
3140.6
3140.6
3140.6
5140.6
3140.6
3140.6
3140.6
3180.6
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Month Coli Rowj Head

b 6 15 3140.6
b b 16 3140.6
b 7 1o 3140.56
6 7 17 3140.6
178

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Leakance Computation
A Comparison with Clark (19864)

Estimate the Clark Fork river to be 8 miles long from
Hellgate canyon to the river’s confluence with the
Bitterroot river at a width of 300 feet. Area of riverbed:

42,240 ft x 300 ft = 12,670,000 ft=

from Clark:

Q/Area = 36,000,000 gpd/12,670,000 ft=2 = 2.84 gpd/ft=

if model riverbed area = As = 2,107,604 ft=
then G = 2.84 gpd/ft= x 2,107,604 ft= = 5,985,595 gpd

from PLASM:

G = P/m(As) hmax

P/m = leakance = let it be 1 gpd/+tS
AsS = 2,107,604 ft=
hmax = head difference between river level and

bottom of riverbed = 4 £t in model

then Q = 8,430,416 gpd, this is a 41%Z increase over
Clark’s average estimate
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Calibration of PLASM

I compared simulated versus actual water levels
generated after each monthly time step during a transient
run for 24 nodes that corresponded with actual well
locations (Figure 8 and Table S5). By adjusting the
configuration and values of the different K zones between
succeeding runs, I attempted to calibrate simulated head
levels for these nodes to within 0.2 feet (0.06 m) of actual
field data. Figures 15A-D are hydrographs of four wells

throughout the study are=a comparing actual vs. simulated

heads.

Table S: Wells used for calibration of transient PLASM model

Well # Node (i, J) Comments
McPark 1 18,9 actual well 180 ft. to NE
3092 2 16,10
3001-D = 15,12
J002-D 4 14,11
3091 5 13,10
3004-D & 12, actual well 160 ft. to E
1018 7 12,8
1040 8 11,7 actual well 60 ft. to E
1021 9 11,8
1039 10 8,6
1003%4 11 12,9 actual wells &0 ft. to N
100911 12 10,9 actual wells 60 ft. E & W
1025 13 8,8 actual well B2 ft. to W
1029 14 7.5 actual well 82 ft. to W
1030 15 6,5 actual well 120 ft. to E
1043 146 5,14
1042 17 6,10
1044 18 6,8
1044 19 2,2
1028 20 10,12 actual well 82 ft. to E
1041 21 11,14 actual well 82 ft. to E
1023 22 7,8
1016-D 23 8,9
3093 24 8,12
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Figure 15A: Hydrograph of Well 3002-D
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Figure 15B: Hydrograph of Well 1021
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Figure 15C: Hydrograph of Well 1039

Astual vs. Simulated Head
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15D: Hydrograph of Well 1041

Actual vs. Simulated Head
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I used a composite error tolerance of plus or minus 0.2
feet (0.06 m) during calibration, because I felt that a
higher tolerance would have made it more difficult to
reproduce the actual potentiometric surface. Figure 16
illustrates the range of differences between actual and
simulated head values for the month of October, 1986. This
plot is typical of the plots for the other nine months
{Appendix €). All plots exhibit a high degree of correlation
( r> 97% ) with some scatter attributable to location error
between model node position and actual well location, field
error {error in measuring the static water level), and the
inability of the model to assimilate sudden high recharge
within the 30.33 day time limit. This latter source of error

occurs in April and May.
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Regression Analyses of Model Generated Head D

Month Well #  Actual Model  Diff.

3146.37 3l46.45  -0.08
3145.46 3145.48  -0.02
3145.17 314513 0.04
314458 314487 0.9
4 S 0.0
15,79 1M 0.2
J143.95 314403 -0.08
343,78 314376 0,02
34375 14379 -0.04
10 314332 34313 019
11 344 314415 0.5
12 3143.5 318,57 -0.07
14 2.8 3145 o.M
20 314382 31475 0.07
2 3144,2 3144,12  0.08
2 MRH isA ol
I 34328 L. 019
P SR T A QN ) EA O S A

o I -~ BN N - X SR S B e

R I R R . B B R B I B B e B B B

Regression Output:

Constant -299.458
Std Err of ¥ Est 0, 158313
R Squared 0. 974650
No. of Observations 18
Degrees of Freedom 16

1 Coefficient(s) 1.093240
Std Err of Coef. 0,084157
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Month Well ¥  Actual Model  Diff.

9 I 314319 .S 0.4
9 2 J142.9 314288 0.2
9 S 3468 3142.38 0.3
9 4 349 .13 .8
9 3 3L M7 0.4
9 6 J140.98 3MLT -0.32
? 7 ML 3B 0.2
9 8 314102 31407 -0.05
9 9 J4L16 JH4LI1 0.05
9 10 3140.39 140,49 0.1
9 It 3423 J4LE 0.2
9 12 3141 3140.9 0.1
9 20 LT ML 013
§ 21 3ML38 L 012
9 2 140,89 314083 0.0
9 23 340,57 3140.46  0.11
9 24 3140.84 31%0.89  0.15
regression Output:

Constant 211.3%4%

Std Err of ¥ Est 0, 195081

R Squared 0.949174

No. of Observations 17

Degrees of Freedos 15

X Coefficient(s) 0.913604
Std Err of Coef. 0.034383

196

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Month Well 4  Actual Mode!  Diff.

10 1 4.3 3M4LT7 0,04
10 2 3140.75 3140.51 0.25
10 3 340,59 3140.24  0.35
10 4 38 AN 013
10 3 3947 NWe 043
10 b 31%.8 319.9 0.9
10 7 33897 A/ .16
10 8 313%.79 3138.86 007
10 9 38.9 3138.9 0
10 10 3138.28 3138.26  0.02
10 it 3i38.98 3139.26 0.2
10 12 3B.4e7 3BT 0.5
10 13 33829 W2 0.09
10 14 33726 N3N.B/ 032
10 13 338 UIT.B 017
10 1§ 3334 3N%.4 0.1
10 17 3137.94 3386 0.08
10 18 3 NI <.l
10 19 313%.68 3136.47 0.2t
10 20 3138.93 318,93 ]
10 2 313937 393 0.06
10 2 3138.38 31384 0.03
10 3 B\ BB 0.2
10 | J138.49 3138.31 0.18
Regression Output:

Constant 83,7384

Std Err of V Est 0, 198462

R Squared 0.973393

Mo. of Observations 2

Degrees of Fresdoe 2

X Coefficient(s) 0.973327
Std Err of Coef. 0.034306
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Month Mell #  Actual Model  Diff,

11 1 340.16 3140.4  -0.18
11 2 339.4 31394 0
i1 3 UNB UM 0.17
11 4 BT NBe  -0.77
i1 30 3823 AB/A2 019
i 6 IS e -0.38
11 7 3NI™ NN 019
3 B My 3.5 07
11 9 NI NT.S 004

i1 0 %M\ 3y -0.02
i1 It 3.6 NW/05 -0.39
11 12 I3 U 016
11 13 HY M. 0.07
1 15 31324 3136.07 617
i1 16 3135.08 3135.08  0.04
i1 17 33%6.63 3135 0.08
i1 18 31598 3.9 0.1
i 19 33%39 N 0.9
it 20 31364 5130.68  -0.04
1l 20 3303 31307 -0.04
-2 33.16 31316 0
1l FATRREN IRV P IR R ) S O L
11 24 74 UB 017

Regression Output:

Constant -156.448
Std Err of ¥ Est 0.170772
R Squared 0.582773
No. of Observations 23
Degrees of Freedos 2

X Coefficient(c) 1.003086
Std Err of Coef. 0.030422
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Month Well 8  fActual Model  Diff.

3B MBI -0.03
.5 UM o
M37.37 ML 0.77
313,58 313683 0.25
33632 334 012
WA R 048
B3 3B/HN 0.2
B4 UB/.b D2
3165 WL 0.06
31492 U®.0Z 0
3136574 313%.08 0.4
W2 NB.8 -0.2
313496 3149 Q.02
R.39 30E 031
B304 3133.04 0
4.6 14 0.08
ARG AL 017
BIRSAL I RS9 S B L
3135.83 313.69  0.14
336,13 3136.09  0.04
I3WA1 T8 -0.07
W02 1A 0.04
o ERIRS I L RN YA S Ak I 3

Samwomowwm

-
—

BRREssScon

T T S A R L
—
] ~

Regression Output:

Constant -10.3202
Std Err of ¥ Est 0. 202694
R Squared 0.976139
No. cf Observations 3
Degrees of Freedoa 2t

i Coefficient (s} 1.003368
Std Err of Coef. 0.034232
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Month Well #  Actual Model  Diff.

337.49 313768 .19
3136.88 31376 0.12
N6.T7 313644 0.3
IR 318 0.2
3134.88 3135.32 -0.M
NP/.07 3B/ 0.8
A7 3O -0.35
%08 W42 0.03
10 UM 315448 -0.06
1 3B/ NB/AeT 032
12 A7 AN 0.2
53 A8 M4 004
14 3.9 3.8 0.1
5 3B UBSE 042
16 315238 332482 0.4
17 313411 313403 0.08
18 IR.G B2 019
19 3132.66 3132.88  -0.02
2 3312 3N 0.01
2t NWT OURE 0.1
2 W 3L 0.09
3 M8 1AM 0.04
28 313487 31A.47 0.2

-3 O~ O s LN

N R R RN RN RSN NN RN NN

Regression L‘mtpﬁt:

Constant 18.8299
Std Err of ¥ Est 0. 196441
R Squared 0,973074
Na. of Qbservations 3
Degrees of Freedos 2!

X Coefficient(s) 0.994011
Std Err of Coef. 0.034580
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Nonth Well ¥  Actual Model  Diff.

L 330,65 31382 0.7
2 U;.02 3% 0.1
3 3136.87 33%e 0.7
313,18 MBI/ 017
3 %7 3302 0.2
6  J1%.18 3326 -0.38
T NN N/ 007
8 3135.2 33834 0.4
? %M ORI -0.03

10 MTE 336 -0.02
1 J135.4  3®/T A3
12 3197 MW7 0.2
13 34T 348 004
1 32 BLE S 0.1
15 3300 RN ol
16 31329 315299 -0.08
17 31544 313432 012
18 3379 BN -0.16
19 %18 3AUB.07 0 ot
2 GIRT MBE 0 002
21 33579 3.6 0,13
2 e 19 -0.08
VAT B T 0 B R R N 1~
24 AISZZ A9 0.3

Ll G Gl Cd G Gl G G Ll G Gd Gl Crd b Gl G Ll G Gl Gl O A G N

Regression Outputs

Constant -29. 3460
Std Err of ¥ Est 9. 180489
R Squared 0.976026
No. of Observations 24
Degrees of Freedm 2

X Coafficient (s) 1.009370
Std Err of Coef. 0.033726
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Month Weil 4 Actual Model  Diff,

3 i 313891 3130.37  -0.48
4 2 IWV.T 313842 -0.19
4 3 3138.1 3138.05 0.05
4 § 3137.45 331.82 0.7
4 3 JI37.H 334 0,13
§ & 3352 3303 -0.51
§ 7 3.7 3308 -0.26
4 8 313,31 3B -0.29
4 9 J136.64 3136.83  -0.19
4 10 312 3B2A 009
4 i1 3.7 N3 0.4
4 12 3136, 313681 0,31
1 i3 313607 3136.14  -0.07
) W 3B ARS8 0.24
4 15 3135.57 313,38 0.19
4 16 134,39 1B 0.0t
4 17 BN 3BT 0.21
) 18 313%.32 313538 -0.04
4 19 3134.81 313489 0.32
4§ 20 T136.65 3134,7 -0.09
4 2 3137.05 J137.06 0.0l
4 2 313614 313635 -0.2¢
§ yAl AT 313616 -0.03
5 y2] 3136.57 31363 0.26
24 Fegression Qutput:

Constant -397.595

Std Err of ¥ Est 0.208373

K Squared (.769438

No. of Observaticns 24

Degrees of Freedom 2

X Coefficient(si 1.114031
Std Err of Coef. 0.082171
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Month Meil #  Actual Madel  Diff.

4.8 N9 -0.32
3143.76 3143.83  -0.07
M BT 07
3142.93 314317 -0.24
314279 4286 -0.07
31419 Jl42.48 032
342,32 3425 -0.18
342,06 3142271 0.2
3.2 3428 -0.07
314574 314171 0.03
31423 J142.8 0.8
31419 314207 0.17
314164 314162  0.02
41,19 314114 0.05
a1 3409 0.8
MG 392 0,02
HiL4 3415 0.5
314074 3180.91  -0.17
J140.13 31401 0,03
L2 314208 0.15
2.6 312,33 0.31
314176 314183 -0.07
J14L.66 J141.63  0.03
24 31495 J1Med 0.3

W~ T N & d D

[
— < =0

[ Pt et
HBhREssSeso=2a

AN AN TR I WU DLW
—
B ~

Regression Qutput:

Constant -178.552
Std Err of ¥ Est 0. 217316
R Squared 0.9641435
No. of Dbeervaticns 4
Degrees of Freedca 22

X Coefficient{s) 1.05h841
Std Err of Loef. D.043430
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Month Well #  Actual Model  Diff,

3145.82 314603 -0.21
3145.05 3145.03  0.02
J144.8 314,65 0.13
JiM.14 31 .28
314397 304 .07
3145.14 514356 (.42
345,43 31859 0.16
6.5 J1aR32 -0.09
3443.4 314336 0.04
10 J142.7 318271 -0.01
il J3.4 3.7 0.3
12 3142.8% 318.13 A8
13 342,69 31463 0.06
14 3142.18 314204 0,14
15 J142.07 34L& 0.4
16 3140.57 0.8 0.3
17 314232 3.2t 0.1
18 laL.48 31483 -0.15
19 J14L03 30 013
20 31426 14328 0,02
2 J143.66 3143.62 0.04
2 31428 34285 -0.03
yA 3142,7 3142,65  0.05
24 3143 314282 0.18

N O3 S O LA B Ld BN e

oo~ 00000000 O OO

Regression Output:

Constant 63,9158
Std Err of Y Est 0.176515
R Squared 0.980124
No. of Observations 24
Degrees of Freedca 22

X Coefficient{ss 1.020859
Std Err of Coef. 0.030992
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Actual vs. Simulated Head Differences
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Actual vs. Simulated Head Differences
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Actual vs.
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Bacterial Oxidation of Hydrocarbons
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Bacterial Oxidation of Hydrocarbons

The subsurface environment is host to wide variety of
microbial flora, of which bacteria play the most important
role (Freeze and Cherry, 1979). Many of the important redox
reactions in ground water are catalyzed by bacterial enzymes
which interact with molecular structures of redox reactions
between the reactants and products, and lower the activation
energies of the reactions. Bacteria require energy in order
to build new cell mass and maintain cellular functions. The
main source of this energy is the oxidation of organic
matter (Freeze and Cherry, 1979).

Hasoline is a mixture of alkanes, cycloalkanes, and
aromatics, as well as compounds containing halogens and
other functional groups (Bruell and Hoag, 19843 and Suflita,
1983). The oxidation of these hydrocarbons provides carbon
and energy to bacteria, which allows them to sustain their
growth and maintenance processes. These bacterial processes
vltimately result in the detoxification of the organic
contaminant by forming CO0z and H=0 (Brown et al., 1985).

All hydrocarbons have similar oxidation pathways. This
is particularly true for the aromatics, such as benzene,
toluene, and phenol, whose pathways eventually merge and
follow a common route to complete oxidation (Marr and Stone,
1960). Alkane metabolism is a common biological process that
begins with the oxidation of a terminal methyl group forming

a fatty acid. In the metabolism of fatty acids, the
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carboxylic acid functional group is first converted to a
thicester by reaction with coenzyme A. Subsequent reactions
involve beta oxidation of the fatty acid and cleavage with
the formation of acetylcoenzyme A. The new fatty acid with
the shorter alkane chain is recycled through the fatty acid
cycle. The acetylcoenzyme A molecules, in turn, are
converted to COz and Hz=0 through the citric acid cycle.

Oxidation pathways for hydrocarbons may be reviewed in
Gibson et al. (1968); Marr and Stone (1960); Suflita (1985);
and Fessenden and Fessenden (1986). Based on these reviews,
I have presented a synthesis of the possible oxidation
pathways for benzene, toluene, xylene, phenols, and alkanes
in Figure 17A-D.

The initial step in the oxidation of hydrocarbon
molecules by bacteria is the cleavage of a carbon—hydrogen
bond. This process, which requires molecular oxygen (0z), is
difficult to initiate in subsurface environments (Brown et
al., 198%5; Fessenden, 1788; and Shelton, 1988). Only a few
bacterial species are able to initiate a C-H cleavage. The
majority of these bacteria are found in the genus
Pseudomonas (P. aeruginosa, P. sepacia, P. putida, and E.
fluorescens). Certain Mycobacterium and Arthrobacter species
may also be able to oxidize C-H bonds (Marr and Stone, 1961;
and Shelton, 1988). After cleavage of a C-H bond, additional

oxidation pathways are available because a larger variety of

bacteria are able to react with the C-0 bonds (Shelton,
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1988).

The rate at which the redox reactions proceed depends
upon the availability of nutrients (oxygen, nitrogen,
phosphorous, sulfur, and trace elements) in the subsurface
environment and upon the physiology of the bacteria
(Suflita, 1985). If the concentration of molecular oxygen
should diminish so that the environment becomes reducing,
oxidation of the organic matter will continue, but only by
those bacterial species capable of reducing metallic oxides.
Reactions involving the reduction of metal oxides are shown

belaow (Freeze and Cherry, 1979).

{CH=20Y,. + 2 MNO=(s) + 3 H* = 2 Mn=* + HCOs™ + 2 Hx0

Manganese(VII) Reduction

(CH=0),, + 4 Fe(DH)s(s) + 7 H* = 4 Fe=* + HCOx— + 10 Hz0D

Iron(lIlIl) Reduction

{CH=20}),, = simple carbohydrate (s) = solid

These oxidation—-reduction reactions result in reduced,
more soluble metal complexes. The hydrocarbons, in turn, are
oxidized to COz and H=0. An increase in the bacterial
population of both hydrocarbon degraders and nondegraders
will also be observed (Alexandsr, 1?7813 and Brubaker and
Crokett, 1986).

Bacterial samples taken from mocnitoring wells on

Champion property show an increase in bacterial population
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from November, 1986 to May, 1987, which corresponds to an
increase in total BTX contamination across the site (Table
3). Bacterial identification of isolates €rom ground water
samples (Appendix B) are inconclusive beyond the genus
level, but there appear to be species of Micrococcus and
Enterococcus capable of utilizing hydrocarbons as a food
source.

The population increase of both degraders and non-—-
degraders supports my belief that oxidation of the gasoline
is taking place. 1 am skeptical of the increased bacterial
populations in May that show up in the deep wells (> 35 ft.
(%17 m)), 3002-D and 3004-D, because these wells do not
appear to have a food source as is found in their shallower
countergarts. It was suggested that the elevated populations
in the deeper wells are a result of bacterial contamination
from the shallower zones., along the well casing, but water
quality differences between the shallow and deep wells do
not support this suggestion.

Redox reactions that consume organic matter proceed
through a series of five processes as conditions become
increasingly anaerobic: denitrification, manganese
reduction, iron reduction, sulfate reduction, and finally
methane fermentation. Figure 14 shows high levels of
dissolved manganese and iron in wells 3002-5, 3003-5, 1020-
5, and 1018. I believe that these high levels indicate that

the second and third redox processes are taking place across
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the Champion site, and that reducing conditions diminish
across the site until California Street. Beyond California
Street, aerobic oxidation conditions dominate and dissolved

metal levels return to background levels.
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Figure 17A: Oxidation pathways of benzene.
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