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INTRODUCTION

The City of Bozeman Sanitary Landfill (Landfill) is located
approximately two miles northeast of Bozeman, Montana in the southeast
1/4 of the southwest 1/4 of section 30, Township 1 south, Range 6 east

(Figure 1). The Landfill is owned and operated by the City of Bozeman
(City).

Since the Landfill opened in 1969, mixed municipal solid waste
composed of residential, commercial, and industrial waste has been
accepted.  Approximately 105 acres of the original 200 acre parcel have
been Tandfilled to date. Disposal of the refuse has been conducted by
the area fill method.

Early hydrogeologic investigations began in 1980 with the
installation of several monitoring wells and subsequent sampling and
analysis for a limited number of chemical parameters. Investigation
continued through 1985 with the installation of additional monitoring
wells and éontinued ground water quality monitoring. Periodic ground
water monitoring has continued through the present aﬁd a semi-annual

sampling schedule has been established.

In October 1989 the Montana Department of Health and Environmental
Sciences requested the City of Bozeman address possible ehvironmenta]
degradation at the Landfill with a more in-depth hydrogeologic and
ground water quality investigation. Morrison-Maierle/CSSA, Inc. and HDR

Engineering, Inc. were jointly contracted to perform a hydrogeologic
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evaluation of the current ground water monitoring system, conduct a
sampling event, and develop recommendations for possible improvements to

meet the proposed requirements of the Resource Conservation Recovery

Act, Subtitle D federal legislation.

Thé evaluation and investigation was completed to meet the
requirements of the Scope of Work (SOW) developed by the City of
Bozeman.  The SOW outlined three phases of the Landfill evaluation; 1)
Ground Water Monitoring Evaluation, 2) Sampling Existing Wells, and 3)
Subtitle D Evaluation. Phases I and I are addressed under this report,

Phase III is presented under a separate report.

SITE INFORMATION

The Landfill is Jocated on the southwestern slope of the Bridger
Mountain Range. Immediately downslope is the East Gallatin River
floodplain. MCIllhatten Road separates the Landfill and the flood plain
of the East Gallatin River. Story Mi11 Road forms the eastern boundary
of the Landfi1l, while agricultural land borders the north and south

(Figure 2). Story Mill Road provides access to the Landfill via County
Road 86.

The original topography of the Landfill was hummocky to gently
rolling hills. Disposal and subsequent grading has altered the Landfill

to a more uniform westerly to southwesterly slope.
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Surface drainage is toward the East Gallatin River. Churn Creek
and Spring Creek cross the Landfill property in a west to southwest
direction and empty into the East Gallatin River. Spring Creek
genera?]y has constant flow, whereas Churn Creek is perennial, with flow
determined by spring meltwater and heavy precipitation events. Although
the creeks are on the Landfill property they do not intersect any
existing fill areas and future expansion is not planned in the northern

part of the property.

PREVIQUS HYDROGEOLOGIC INVESTIGATIONS

Previous investigations were performed by Hydrometrics, the Soil
Conservation Service (SCS), Stiller and Associates (Stiller), and
Northern Engineering and Teﬁting Company (Northern). Appendix A
contains ground water analysis results collected since 1981 at the
Landfill. Data gaps can be attributed to various consultants who have
been involved with past assessments of the Landfill and budgetary

constraints that have led to infrequent and Timited sampling.

The Soil Conservation Service (SCS) initiated the installation of
three monitoring wells (M-1, M-2, and M-3) in 1980. In 1982 M-2

collapsed and was replaced with a new well adjacent to the old M-2

(Figure 2).

The monitoring wells, the Clemens and MCI1Thatten domestic wells,
and seeps located downgradient of the Landfill were sampled by a City

street crew in November 1981, May 1982, and September 1982, under the



guidance of the SCS, for a limited number of physical and inorganic
chemical parameters (Stiller, 1985). The samples were analyzed by the

Montana State University Agricultural Department Laboratory (Appendix
A).

Sampling was performed at the monitoring wells, downgradient
domestic wells, and seeps by a City street crew in May 1983, June 1983,
October 1983, May 1984, October 1984, and May 1985, and analyzed at the
City Waste Water Treatment Plant Laboratory. The October 1983 sampling
event was conducted in the presence of MDHES representatives and
included duplicate samples that were analyzed at the MDHES Taboratory.
MDHES results closely correlated with those of the City (Appendix A).

In January 1985 the Montana Bureau of Mines and Geology installed
an additional 10 monitoring-we1]s (LF-1, LF-1A,LF-2, LF-3, LF-4, LF-5,
LF-6, LF-6A, LF-7, LF-7A). 1In October 1985 Stiller and Associates
(Stiller) performed a comprehensive evaluation of the existing data to
determine data inadequacies relative to ground and surface water
quality, monitoring well construction and placement, regional and site
hydrogeology, and perform additional ground water quality sampling and
analysis. Stiller determined that the ground water quality data
collected during the May 1983 through the May 1985 sampling events was
most Tikely invalid due to lack of qﬁa]ity assurance/quality control
(QA/QC) techniqués in the field and laboratory. In October 1985 Stiller
sampled all thirteen monitoring wells and two surface water samples
along Churn Creek for a limited number of physical and inorganic

chemical parameters (Appendix A). Seeps were not sampled, as



agricultural and livestock runoff into the seep area would most likely
bias the sampling. Based upon previously collected ground water data
determined to be valid, and data collected by Stiller, it was concluded
that although elevated chloride Tevels were noted, they were not high

enough to warrant a serious ground water problem at the Landfill at that

time (Stiller, 1985).

Stiller produced a second report in July 1986 as part of continual
monitoring effort at the Landfill. An additional downgradient
monitoring well was installed (M-4), and a sampling event was undertaken
on seven (7) of the monitoring wells (M-1, M-2, M-3, M-4, LF-1, LF-2,
LF-3) and the Shop well to further determine if ground water
contamination had occurred (Figure 2). Samples taken in 1986 indicate
there was relatively 1ittle difference in ground water quality since the
previcus sampling event of 1985 (Appendix A). Decreased chloride levels
actually indicated an improvement in overall ground water quality
between the 1983 sampling event, when the highest chloride

concentrations were observed, and the 1986 sampling event.

Northern performed ground water sampling on seven of the
monitoring wells and the Shop well as part of the continual effort to
evaluate ground water conditions at the Landfill and determine if a
substantial leachate plume had developed. Based upon ground water
samples collected from 1981 through 1987, Northern determined that
ground water downgradient of the Landfill had been impacted. However,

the plume was determined to have stabilized at levels which remain below



National Interim Primary and Secondary Drinking Water Standards
established by the Safe Drinking Water Act (Northern, 1987).
Primary Standards are established from health-risk based criteria,
whereas Secondary Standards are established primarily for aesthetic

reasons, such as taste and discoloration.

Morrison-Maierle/CSSA has continued to perijodical sample
monitoring wells M-1, M-2, M-3, M-4, LF-1, LF-2, and LF-3, and the Shop
well from 1987 through 1989 (Figure 2). Although no QA/QC blanks were
collected during these sampling events, care was exercised in the field
to insure representative ground water samples. A1l wells were purged
and stabilized through measurement of pH, specific conductivity, and
temperature, prior to bailing to obtain the sample. A1l sampling
equipment was decontaminated with a ten percent nitric acid solution and
rinsed with distilled water to avoid cross contamination between each

monitoring well (Morrison-Maierle/CSSA, 1990).

REGIONAL GEOLOGY AND HYDROGEOLOGY

Information was gathered from the Montana State University (MsU)
Library, Bozeman Soils Conservation Service (SCS) and the United States
Geological Survey (USGS). The majority of the information obtained from
the MSU Library and provided by the USGS concerning geology and
hydrology in the Bozeman area, dealt with regional features and
qualities of the underlying substrate and ground water, rather than site

specific or Tlocal characteristics of the Landfill.



The following publications were reviewed for regional geologic and
hydrologic information:
= 1989 Field Conference Guidebook, Montana Centennial Edition,
Montana Geological Society, 1989.

- Bouguer Gravity, Aeromagnetic, and Generalized Geologic Map
of the Eastern Part of the Three Forks Basin,
Broadwater Madison, and Gallatin Counties, Montana,
U. S. Geological Society, 1965.

- Geology and Ground-Water Resources of the Gallatin
Valley Gallatin County Montana, U. S. Geological
Survey Water-Supply Paper 1482, 1960.

- Hydrology and Geology of Montana State University Campus,
Anderson. B., et.al., March, 1982.

- Environmental Geo10?¥ of the Southeast Margin of the
Gallatin Valley, Gallatin County, Montana, Griffith, E.F.,
M.S. Thesis, Montana State University, 1982.

- Cenezoic Geology and Geomorphology of the Dry Creek
Valley, Gallatin Countﬂ, Montana, Hughes, G.C., M.S.
Thesis, Montana State University, 1980,

- Solid Waste Disgosa] Site Suitability Evaluation in Montana,
Bowen, D.W., M.S. Thesis, Montana State University, 1980.

The Field Conference Guidebook and the U. S. Geological Survey
publications provided information concerning depth to bedrock, thickness
of sediments and the regional ground water patterns. Much of the
1nf0rmatioﬁ contained in these publications was referenced in the

University of Montana theses, therefore the theses provided Tittle

additional information.

The Landfill is located in the Northern Rocky Mountains
physiographic province of the Gallatin River Valley along the East
Gallatin River tributary. The Gallatin River Valley is an intermontane
valley flanked by the Horseshoe Hi1ls to the north, the Bridger Range to
the east and the Madison and Gallatin ranges to the south. The valley

£



formed as a result of tectonic movement during the Early Tertiary
(approximately 50 million years ago), and was subsequently filled with
sediment from the adjacent ranges. The Tertiary sediment rest upon the
downdropped Precambrian basement rock. The walls of the Gallatin River
Valley area are formed by the same Precambrian rock or younger Cambrian
through Early Tertiary sequences. The thickness of the Tertiary valley-
fill sediments is variable but can apprﬁach 6500 feet. Tertiary rock
sequences vary in composition from fine, well-sorted siltstones to
highly unsorted conglomerates. The competency of the Tertiary sediments
is often very low and appear in outcrops as very friable rock, bordering
on unconsolidated sediment. This low competency can create problems in
determining depth to bedrock during drilling and geophysical surveys, as
the Tertiary sediments can be mistaken for Recent alluvium. Area
domestic well logs have been included as Appendix C to show the

variability of Tertiary formations.

Recent alluvium covers most of the Tertiary sediments, as broad
alluvial fans develop between the mountain uplands and the valley floor.
The resulting deposits are a mixture of poorly sorted and non-uniform
sand, gravels, and clays. The deposits have poor lateral continuity,
often forming beds or lenses of lower permeability than that of the

surrounding material (U.S.G.S., 1960).

On a regional scale, ground water is recharged in the uplands
area, through precipitation and spring meltwater, and discharged in the
valley area. Localized water table systems are often superimposed on

the regional system, and generally discharge to surface water bodies.

-10-



Due to the high variability of the Recent deposits and the lateral
discontinuity of the less permeable Tayers interspersed with more
permeable materials, perched aquifers often form above the localized
flow system. The impermeable layer causes vertically infiltrating
ground water to collect atop the Tow-permeability material, creating a
"false" water-table. Ground water moves laterally above the impermeable
layer and ultimately discharges to the primary water-table aquifer or
forms a seep, if the impermeable Tayer(s) intersect a slope. Perched
water is often seasonally influenced and occurs only during periods of
heavy precipitation. It is also possible to have multiply perched water

systems 1ying above a primary water-table aquifer (U.S.G.S., 1960).

SITE HYDROGEOLOGY

Appendix D contains monitoring well and shop well logs for the
Landfill. Comparison of the Landfill well logs with the area well Togs

shows the high variability and discontinuity of the Recent alluvial

deposits (Appendix C).

The Landfil1 is characterized by higher permeability silts, sands
and gravels interspersed with laterally discontinuous clay layers. As
previously discussed, Taterally discontinuous clay layers can cause
perched aquifer systems to develop. Anomalous ground water elevations
in M-1, and the occurrence of intermittent seeps along the western slope
of the Landfil]rindicate perched conditions do exist at the Landfill
(Figures 3 and 4, and Table 1).
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TABLE 1
STATIC WATER ELEVATIONS

JULY 1990
Well Identification Elevation
M-1 4710.08
M-2 4686.52
M-3 : 4685.59
M-4 4674.68
LF-1 4669.79
LF-2 4672.52
LF-3 4685.67
SHOP 4704.90

Note: Shop static elevation taken in 1979, unable to access well head
for static measurment.

-12-



NOTE:

- ’,.'

WELLS LF-1A, LF-4, LF-5
LF-6, LF-6A, LF~7 AND LF-7A
HAVE NOT BEEN INCLUDED IN

LANDFILL MONITORING SINCE 1985.

LFL7%

47101
e M-1 ,/"1
,a" 1
,,’ |
- i
|
%
L ACTIVE
686.5 %
\ o w2 DL (e
| LANDFILL
\ PHASE TWO | NG
\ ‘;,:':::::”'“
\ ‘1 ROADWAY
l___._._E ______ _.} — - -
M-3 ‘\_\.-—"' -
L=\
4685.6 \
_ 2\ e _ . EWiRAMCE—S
1.1
X
o)
[{+}
e

SCALE: 17 =300’
CONTOUR INTERVAL

51

" POTENTIOMETRIC SURFACE IN
SHALLOW WATER TABLE AQUIFER
. BOZEMAN' SANITARY LANDFILL

HDR Engineering, Inc. ‘ BOZEMPN " MONTANA

LL

1
|
STOREY MILL (ROAD

.

— T T
N ————

=

:

BOZEMAL

_—
| Dote

11/11/91
| Sheet

| FIG.3



A

:'?-31'2;";2 ACSSA

HOR - Engineering, Inc.

SHOP WELL
//—4800
L 4780
CLAY — 4760
L 4740
M=-3 e
CLAY WITH — 4720
CLAY WITH GRAVEL
GRAVEL :
; REGIONAL
A POTENTIOMETRIC [ 47090
| B SURFACE
-
SILTY CLAY GRAVEL | eso
= I . =
ki = —— SAND AND
GRAVEL\E == GRAVEL
__M——J == / 4660
=— CLAY WITH
== GRAVEL CLAY WITH
' GRAVEL
' L 4640
SAND AND GRAVEL
WELL SCREENED FROM 4590° TO 4580 — 4620
1 [ l | l l | | l I l | | 1
. 5200 3000 . 2800 2600 - 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200 0
E FEET
ER FIGURE 4

CROSS-SECTION A'-A
(NOT TO SCALE)

ELEVATION (FEET)
VERTICAL EXAGGERATION 10X




Based upon cross-sections trending west to east across the
Landfill and the potentiometric surface map, it appears there are
possibly three aquifers; 1) one or more perched aquifer systems, 2) a
water table or unconfined aquifer, and 3) the primary regional aquifer
(Figures‘S and 4). Monitoring well M-1 is most 1ikely screened in a
perched aquifer(s), or its construction allows interconnection of a
perched aquifer with the true shallow water table aquifer, thus
influencing the pressure head in the well. The‘remaining monitoring
wells are screened in the water table aquifer. The Shop well is
screened in the deeper regional aquifer which is isolated from the water
table aquifer by several clay layers (Appendix D). The Tateral
continuity of the clay layers and possible interconnection with the
shallow water table aquifer is unknown, due to absence of additional

wells terminated in the regional aquifer.

Ground water in the perched and water table aquifers flows
westerly toward the East Gallatin River, where it discharges as
baseflow, or as seeps in the case of perched aquifers (Figure 3).
Average grédient across the water table aquifer is .016 ft/ft (Appendix
G). The gradient has changed very little since 1985 when it was

estimated to be .018 ft/ft from east to west across the Landfill
(Stiller, 1985).

Ground water velocity is dependent upon the hydraulic conductivity
of the material through which it flows. Since the aquifer materials are
highly variable, ground water would flow more rapidly in more permeable

deposits and be retarded in less permeable deposits. Assuming a maximum

ST



hydraulic conductivity value of 150 feet/day for a coarse sand and a
porosity of .39, average linear velocity is estimated at 6.15 feet/day.
Assuming a minimum hydraulic conductivity of .00066 feet/day through
clay and a porosity of .45, average Tinear velocity is 2.13 x 10-9
feet/day (Appendix G). These results are estimated based upon average
table values assigned to physical characteristics described in the site
well Togs. Actual porosities and permeabilities may vary by one or more

orders of magnitude (Driscoll, 1987 and Johnson, 1967).

Laboratory permeability testing conducted in 1987 on soil samples
taken at M-4 indicated an average vertical permeability of 2.4 X 10-4
cm/sec or .68 feet/day. These results are suspect, as the tested sample
was composited and disturbed during field collection, and recompacted

prior to testing (Stiller, -1987).

The ground water flow direction in the regional aquifer cannot be
determined due to the absence of other regional aquifer wells in the
immediate area, but is assumed to be to the west, as well.

MONITORING WELL NETWORK EVALUATION

Construction and Design

During review of existing monitoring well boring logs,
construction records, and visual inspection of the wells, several
inadequacies were noted concerning design, construction and placement of
the wells (Appendix D). These inadequacies may have affected prior

ground water quality assessments performed at the Landfill.

~16-



The monitoring wells were installed during several different
phases, therefore a variety of design and construction methods were
utilized. As previously discussed, monitoring wells M-1, M-2 and M-3
were constructed in 1980 under the direction of the Soil Conservation
Service (Stiller, 1985). M-2 collapsed in 1982 and was replaced with a
second well adjacent to the original location. The replacement well was
also labeled M-2. It is not known if the collapsed well was properly
sealed or abandoned. Ten additional wells were installed by the Montana
Bureau of Mines in 1985. The original monitoring well design plan of
1985 called for three, two-well nests and four individual wells. Each
well nest would contain a deeper well and a shallow well screened in
different water-bearing units. Drilling complications were encountered
during the installation of the deeper wells, therefore each well nest
was constructed with two wells screened at similar depths. M-4 was
installed in 1986 and was the most recent monitoring well installed at
the Landfill. Although the primary function of the shop well is for
water supply, it is used as a "background" monitoring well. The shop

well was installed in 1979 (Figure 2).

The Tack of a proper annular seal between the well casing and the
natural material is of primary concern with the current monitoring well
construction. Afproper]y placed annular seal is constructed of neat
cement (Portland cement with Tess than 5 percent bentonite) with a
"buffer" of bentonite between the neat cement and filterpack, to insure

the neat cement does not intrude into the filterpack and well screen.
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When the annular seal is omitted during well construction or is
improperly placed several conditions may result relative to ground water
quality, inaccurate water Tevel measurements, and sample integrity.
Cement can intrude into the well screen and render the well useless for
monitoring well purposes due to; 1) screen blockage, and 2) extremely
high pH (>11) measurements attributable to the CaOH in the cement.
Based upon historical pH measurements taken at the monitoring wells,
cement intrusion did not occur during construction. A conduit for
contaminated surface water runoff to the ground water is often created.
This is of particular concern at the Landfill, as the runoff generated
in the vicinity of the Landfill is primarily from agricultural land.
Nitrates and pesticides are the primary chemical constituents of
agricultural runoff, therefore ground water sampling results would be
subject to speculation relative to the origin of such contaminants. In
addition, an improperly sealed well would encourage other contaminant

transport from the ground surface to an underlying aquifer.

Migration of contaminants from the surface to the ground water is
not the only method of contaminant transport caused by a poor or absent
annular seal. Migration of contaminants from an overlying contaminated

aquifer to a previously uncontaminated aquifer is also possible.

A standard monitoring well construction method has been
established in the environmental industry and adopted by U.S. EPA in
programs requiring ground water quality monitoring. Figure 5 provides
details of a typical monitoring well with an annular seal (neat cement

grout and bentonite) and other construction details.

-18-



In addition to annular seal problems, many of the wells contain
materials that may interfere with sample quality and create difficulties
in identifying contaminants associated with the Landfill. Several of
the wells were constructed with bell and spigot joints glued together,
rather than flush threaded joints. Adhesives and primers used in well
construction generally contain organic compounds which could be detected
in a total organic halogen analysis (TOX). TOX is a qualitative
measurement of the presence haloganated molecules in a given sample, not
a quantitative measurement of specific organic compounds. Since some of
the wells have exhibited possible elevated TOX, the source of the

halogens is of importance.

Formation packers were used to "seal" some of screened intervals
in the wells. It is not known if the packers were composed of lead or
neoprene. Anomalous detections of lead in the ground water may occur.
Particularly, if the pH of the ground water is lowered and encourages
leaching of lead from the packers. In addition, formation packers,
regard1ess.of their material, do not provide an effective barrier to

annular migration for environmental monitoring purpose.
Several wells contain screens of lengths exceeding 10 feet or

contain two screens. Generally, a 10 foot screen length is recommended

to provide a discrete sampling interval. Cross migration of

-19-
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contaminants from an upper aquifer to a Tower aquifer is possible, if
the screen intersects two different water bearing units. Cross
contamination can also occur when two separate screens in the same well

are used to draw from different aquifers.

Individual Monitoring Well Assessment

In addition to the monitoring wells currently used for ground
water quality monitoring (Shop, M-1, M-2, M-3, M-4, LF-1, LF-2, and LF-
3), there are other wells which are currently not included from the
sampling schedule. These wells have been assessed individually with the

active wells and their future usefulness for monitoring has been

determined.

Monitoring wells M-1, M-2 and M-3 were constructed without the use
of a neat cement grout and a bentonite seal. Packers were use to set
the well screen thus, providing some protection against annular
contaminant migration. However, as previously stated, the effectiveness
of a formation packer as a barrier to annular contaminant migration is
generally ﬁot sufficient for environmental monitoring purposes. In
addition, these wells were constructed with glued joints and with one or
more screens having a total length of twenty-five feet (Appendix D}.

Table 2 provides a summary of well construction and is recommended for

future use.

'M-2 is constructed with two screens of 10 and 12 feet in Tength,
which appear to bridge two separate water-bearing zones (Table 2). M-2

is located in the expansion area and is subject to damage from heavy

-21-
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equipment. With the lack of annular seal there is the likelihood of
contaminant migration to the substrate. Damage to the well head from
Landfill activity could also lead to complications with contaminant

migration (Appendix D).

Wells M-1 and M-3 should be considered for future abandonment, but
may be maintained as monitoring points until such time the MDHES
recommends removal based upon the absence of a properly placed surface
seal. A1l analysis performed on M-1 and M-3 should include
tetrahydrofuran (THF), methylethylketone (MEK), methlyisobutylketone
(MIK) and cyclohexanone in addition to other proposed Subtitle D Phase I
organic parameters. These compounds are the most common constituents of
PVC primer and adhesives. Given the age of M-1 and M-3, the
concentrations of these compounds may have diminished to negligible
Tevels and the second or third rounds of Phase I sampling may indicate
the adhesive and primer are negligible factors in terms of sample
integrity. Consideration should be given to the packers as a possible

source of lead, should future analysis indicate unusual Tlevels of lead.

It is recommended that M-2 be properly abandoned with a tremied
neat cement grout from the bottom of the well to the ground surface. An
effort should be made to locate the old M-2 to assure it has been
properly abandoned to eliminate a possible conduit for Tleachate or

surface contaminant migration.

The next series of monitoring wells installed were LF-1, LF-1A,

LF-2, LF-3, LF-4, LF-5, LF-6, LF-6A , LF-7 and LF-7A in 1985. Of these
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ten wells only LF-1, LF-2 and LF-3 are currently utilized as ground
water sampling points. Wells LF-1, LF-1A, LF-5 and LF-6A were
installed without placement of any type of annular seal from the
surface to the well screen. LF-7 has a surface seal from zero to 4
feet, but has filterpack from 4 to 8.5 feet before encountering a second
bentonite seal. Therefore, the annular seal in LF-7 is considered to be
discontinuous. Wells LF-2, LF-3 and LF-6 lack proper surface seals in
the form of neat cement. Although, bentonite seals have been placed
above the filterpack in these wells, offering some retardation to
contaminant migration, the absence of an annular seal from the bentonite
to the surface is a conduit to contaminant migration in these wells.
Wells LF-4 and LF-7A have annular seals in the form of bentonite from

the filterpack to the surface to provide a barrier to contaminant

migration (Table 2).

In the absence of annular sealant, it is recommended that LF-1,
LF-1A, LF-5 and LF-6A be abandoned in the same manner as M-2. Wells LF-
2, LF-3, LF-6 and LF-7 have marginally acceptable construction relative
to their sdrface seals, but most Tikely would be recommended for
abandonment under Subtitle D. It is suggested that LF-2, LF-3, LF-6 and
LF-7 remain as monitoring points at this time, but should be abandoned
as soon as properly constructed monitoring wells can be installed. LF-4

and LF-7A have acceptable annular seals and should remain as possible

monitoring points (Table 2).

Attempts to install annular seals is not suggested, as this

requires overdrilling of the existing well casing which can result in
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irreparable damage to the well, thus creating an unsealable conduit for

contaminant migration, and is generally more costly than installing a

new monitoring well.

Monitoring wells installed in 1985 were also constructed with
adhesive and primer at the joints. Therefore, any subsequent sample

analysis of ground water from these wells should include the THF, MEK,

MIK and cyclohexanone.

Well M-4 was constructed with a bentonite seal from 1 to 2 feet,
cuttings from 2 to 20.6 feet with a second bentonite seal from 20.6 to
23 feet. This is a similar construction to that utilized for LF-7. The
adequacy of M-4 is marginal without a continuous annular seal. It is
recommended that M-4 be utilized until such time it can be replaced with
a properly constructed well. As adhesive and primer were used during
construction, previously Tisted organic compounds should be included in

future ground water analysis.

A minor construction feature which has been omitted from the
monitoring wells is the use of three protective posts placed equidistant
from the well head. Although the well heads have been secured with
protective casing and padlocks with the exception of M-2), there is a
risk of damage from heavy Landfill and agricultural equipment. We

suggest protective posts be added to all monitoring wells which are not

abandoned.
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The Shop well was constructed for water supply purposes rather
than ground water monitoring purposes. Monitoring wells are designed to
sample a discrete interval of the aquifer of interest. Therefore, the
Shop well’s use as a background well for water quality purposes is
limited primarily by its depth and screen placement in the deeper
regional aquifer. In addition, submersible pumps tend to aerate well
water, and therefore possibly interfere with accurate ground water
sampling. To establish true background water quality, a monitoring well
should be installed in the shallow water table aquifer, upgradient of
the Landfill. Installation of monitoring wells through existing fil]
areas is not recommended, as this increases the risk of providing a

contaminant conduit to the ground water during drilling activities.

A1l previously installed monitoring wells were constructed with
four inch diameter PVC casing. In wells M-1, M-2 and M-3 heavy gauge
Schedule 160 PVC casing was used. It is not necessary, for ground water
monitoring purposes, to use materials of this diameter and weight. New
monitoring wells can be constructed with 2 inch diameter flush joint and
threaded Schedule 40 PVC casing. The cost of the monitoring wells can be
significantly reduced with these lighter gauge materials. An added cost
benefit is the reduced amount of grout and bentonite required for a
smaller diameter borehole. To encourage optimum well development and
provide less turbid water samples factory manufactured well screens of

10 or 20 slot sizes should be installed with a uniform number 30 filter

pack (Figure 5).
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Horizontal and Vertical Well Placement

Current horizontal monitoring well placement at the Landfill is
adequate, with the exception of the northwestern margin and the
background well. As previously indicated, the shop well, which draws
water frpm the deeper regional aquifer, should be replaced with a
monitoring well located further upgradient of the Landfill and
terminated in the shallow water table aquifer. Although, the primary
direction of ground water flow is to the west, toward the East Gallatin
River, some flow is probable influenced by Churn Creek, when the creek
is flowing. A monitoring well along the northwestern margin of the
Landfill would fill this monitoring vacancy. As previously recommended,
several monitoring wells should be abandoned. This will create
monitoring gaps in the current well network, therefore new wells will be

required. Figure 6 shows monitoring wells proposed for removal and

their recommended replacements.

The vertical adequacy of the monitoring well network
is more difficult to assess due to the local geology in the
unconso]idéted deposits. Current information concerning the occurrence
of ground water in the area indicates ground water often exists under
perched water conditions (Appendix D and Figures 3 and 4). This creates
difficulties in locating the true water table during well installation.
Nested wells are. suggested to allow variability in permeabilities to be
assessed, and to intercept any dense phase and 1light phasé contaminants.
The recommended replacement downgradient wells, as well as the
upgradient background well should also be installed during the Tatter

stages of a period of low precipitation to limit the possibility of

intersecting perched aquifers.
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SAMPLING METHODOLOGY AND ANALYTICAL INTERPRETATION

Overview

The extent of field activities for this hydrogeologic
investigation involved ground water sampling of seven monitoring wells
(M-1, M-2, M-3, M-4, LF-1, LF-2, LF-3) and the Shop well. The samples
were analyzed for Phase I proposed Subtif]e D inorganic parameters and
physical parameters of pH, specific conductivity, and temperature. Since
most of the monitoring wells have been recommended for removal and
replacement in the future, and sampling results from current wells may
be questionable, M-3 and M-4 were the only wells chosen for complete
proposed Subtitle D Phase I Tisted volatile organic compound analysis
(VOCs). The Phase I VOC 1ist contains the most common organic compounds
associated with solid waste facilities. M-3 and M-4 were also chosen,
as these monitoring wells had historically shown the higher levels of
chloride. A complete listing of the Phase I Subtitle D parameters that
were analyzed for can be found in Appendix B. Seeps and surface water
samples were not taken, as it was determined that agricultural and
Tivestock funoff would probably influence the sampling validity.
Domestic wells were not sampled, as historical data indicated that both
the domestic wells and monitoring wells were within National Primary and

Secondary Drinking Water Standards (Appendices B and F).

Quality Assurance/Quality Control Procedures

. Quality assurance/quality control procedures were implemented to
insure representative samples were taken. Each monitoring well was

purged with a submersible pump. During the purging phase, temperature,
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specific conductivity, and pH were monitored as an indicator of
stabilization. After three consistent readings were obtained, the pump
was withdrawn and each well was sampled with a stainless steel bailer.
A stopcock was inserted into the bottom of the bailer to minimize
disturbance of the sample while emptying the bailer. A decontaminated
bailer and stopcock were used for each monitoring well to avoid cross
contamination, i.e., no bailer was used more than one time for each
well. The submersible pump was rinsed with distilled water between each
well and a minimum of five gallons of water was drawn through the pump
intake. The Shop well was sampled through the faucet after water was
allowed to flow for 30 minutes. pH, specific conductivity, and

temperature were also monitored to insure the well was stabilized prior

to sampling.

Samples designated for metals analysis were filtered through a 45
micron Gelman disposable filter. A fresh filter was used for each
monitoring well. Metal samples were preserved with 5 ml of HNOj3.
Cyanide samples were preserved with 5 ml of NaOH. VOC samples were
preserved Qith 2 ml of HC1. Care was exercised during VOC sample
collection to avoid containerizing any air, by placing the bottle cap
atop a positive miniscus. Fresh surgical gloves were used at each well
during sampling. Sample containers were provided by Chen Northern, Inc.
laboratory. All. samples were packed in ice and vermiculite prior to
direct shipment to Chen Northern Inc. located in Billings, Montana, via
Greyhound Buslines. Due to the care exercised during field sampling to
avoid cross contamination between wells, and a limited sampling budget,

field, trip and/or bailer blanks were not taken. A duplicate sample was
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taken at M-4 to assess laboratory QA/QC. Results for the duplicate

sample correlate with the original sample taken at M-4 (Appendix B).

Results and Interpretations

Laboratory results for inorganic parameters, TOX, TOC and
alkalinity indicate that overall ground water quality has not
appreciably changed since the October 1989 sampling event (Appendix B).
Comparison of the July 1990 chloride results to historical data
indicates that, with the exception of the 1983 sampling results,

chloride levels have remained fairly constant downgradient of the

Landfill.

Chloride is generally considered to be a good leachate plume
indicator parameter in non-saline ground water, as chloride ions; 1) are
highly mobile in soils, including clays, because they are not affected
by adsorption, 2) do not readily precipitate out of solution, 3) are not
typical components of rock or soil, therefore residual chloride found in
ground water is most often attributable to rainfall or connate water in
older, regfona1 aquifers, 4) generally occur at significant
concentrations to be readily detectable, 5) do not undergo hydrolysis,
thus yields a neutral pH in solution, e.g., NaCl, and 6) can be derived
from chlorinated volatile organic compounds, which are sometimes

contained in leachate (Drever, 1988).

~Appendix E contains graphs representing chloride concentrations
measured at the Landfill from 1981 through 1990. Table E-1 summarizes

the chloride concentrations over this time period. To obtain greater
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graphic resolution, monitoring wells M-1, M-2, M-4 , LF-1, LF-2, LF-3,
and the Shop well were included on Figure E-1, while concentrations
measured in M-3 and the Shop well were plotted on Figure E-2. The Shop
well has been considered to represent background quality for the ground
water at the Landfill for lack a more representative monitoring point.
With the exception of the peak chloride levels that occurred during the
May, June, and November 1983 sampling events, the chloride
concentrations have remained fairly constant since sampling was
initiated in 1981. The exception to these relative stable chloride

1eye1s is the anomalously high 1983 sample results.

Generally, as leachate is produced through natural degradation of
solid waste, chloride concentrations tend to gradually increase with
time. Results from the November 1982 and May 1983 sampling event
indicate that chloride levels in M-3 went from less than .05 ppm to 450
ppm in approximately six months, and peaked at 624 ppm by July 1983. An
increase in chloride levels was also reported in M-2 with the May 1983
sampling event, followed by a significant decrease July 1983, and
another 1nérease in November 1983 chloride levels before returning to
pre-1983 Tevels. Fluctuations such as the one recorded in M-2 and M-3
are not typical of a leachate profile for solid waste faculties (Husain
etal, 1989 and Robinson and Moris, 1979). The atypical chloride
concentration profile, and the suspect sample collection and/or analysis
methods employed in the 1983 sampling events, are considered to be
reasonable justification to discount the 1983 results from the

historical profile of the ground water quality downgradient of the
Landfill.
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Although, the 1983 sample results can most 1ikely be considered as
anomalous, the chloride levels in the downgradient wells have historical
been ten to twenty times higher than those in Shop or background well.
Again, this is assuming that the Shop well is extracting water from the
same aquifer as the downgradient well. As previously discussed, the
stratigraphic interpretation based upon the Landfill well logs suggests
otherwise. If the Shop well is considered to represent background
ground water quality, then a leachate plume of low concentration is most
1ikely emanating from the Tandfill and has altered the ground water

quality in the shallow water table aquifer,

VOC and TOX analysis performed on samples from M-3 and M-4, and
TOX results for the remaining monitoring wells, further indicate that if
a plume exists, it was Tow in concentration at the time of the July 1990
sampling. A limited comparison can be made between the TOX results
which have been measured since the November 1988 sampling event and the

VOC results of the July 1990 event.

TOX is a surrogate measurement used to estimated the total
quantity of halogenated compounds in a given sample. TOX testing
measures only the total molar amount of organically based halogens and
does not provide information about the structure or nature of the
organic compounds to which the halogens are bound, or inférmation about
the individual halogens present. The majority of the VOCs tested for in
the July 1990 sampling round would be included in a TOX analysis. In

effect, the TOX analysis represents a substantial part of total VOCs
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detected in a given sample. It is possible to test for TOX and receive
results above the method detection limit, yet test results for specific
VOCs and related compounds indicate no individual organic compounds
above the method detection Timit. This is explained by the totality of
TOX measurements. Individually, VOCs and related compounds may be
occurring at levels below the method detection limit, but their
summation of individual concentrations provides a sufficient quantity to
be detected under the TOX analysis. This is most 1ikely the explanation
for the detection of TOX above the method detection limit in some of the
downgradient monitoring wells, yet analysis for specific VOCs indicate
VOCs are not present above the method detection limit (Appendix A).
Another possible source for the TOX is well construction adhesives, as
previously discussed, but in the absence of analytical data for the

specific adhesive components, this is only speculative.

When TOX values for the downgradient wells are compared to those
of the Shop well, the downgradient values are as much as six times
higher than those measured for the Shop well in the same time period.
Again, thié is providing the Shop well is representative of background
water quality. The elevated TOX results would indicate a 1imited plume

is being produced by the Tandfill.

Due to the absence of a properly placed background well, it is
difficult to assess overall impacts to ground water quality downgradient
of the Landfill. Based upon chloride concentrations and TOX levels
(discounting the TOX is from adhesives in the well), it does appear that

a limited plume may have developed as a result of leachate generation
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from the Landfill. However, when historical and recent sampling

results, which are considered valid, are compared to current National

Primary Drinking Water Standards, it can be shown that although the

ground water captured downgradient of the Landfill has possibly been

impacted, it has remained within the Standards (Appendix F).

CONCLUSIONS AND OBSERVATIONS

Based upon the historical data and information collected and

reviewed, and the most recent ground water sampling results, the

following conclusions and interpretations have been developed:

Ground water exists under three different aquifer systems in
the vicinity of the Landfill; 1) One or more perched

aquifers, 2) a water table or unconfined aquifer, and 3) a
regional aquifer.

Aquifer permeability is highly variable based upon
interpretation of well logs and estimated velocities.

The extent of interconnection of the water table
and regional aquifers is unknown.

The majority of the monitoring wells located at the Landfill
are improperly constructed, and therefore may possibly bias
ground water sampling results and/or exacerbate any
contaminant problems associated with the Landfill.

The accuracy of the vertical permeability testing conducted
on M-4 soil samples is highly suspect, as the sample was
composited and disturbed upon collection, and recompacted
prior to laboratory testing.
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- The 1983 elevated chloride Tevels were most Tikely anomalous

and biased through improper QA/QC procedure during sampling
and analysis.

- Historical sample results from seeps can be considered
questionable due to possible sample bias from agricultural
and livestock runoff.

- Based upon historical and the most recently collected data,
Primary Drinking Water Standards, which are health risk
based, have not been exceeded in monitoring wells
downgradient of the Landfill.

- voc ana]yéis of ground water sampled from M-3 and M-4
indicates that no Proposed Subtitle D Phase I organic

parameters were found in these wells above laboratory method
detection limits.

- Elevated chloride and TOX levels indicate a limited plume
may have altered ground water quality downgradient,

providing the Shop well is representative of ambient water
conditions.

RECOMMENDATIONS

Based upon the aforementioned text and resulting conclusions, the

following recommendations are made to improve ground water monitoring at
the Landfill:

- It is recommended that monitoring wells M-2, LF-1, LF-1A,
LF-5, and LF-6A be immediately sealed though proper
abandonment due to lack of annular seals or other necessary
construction features.
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Monitoring wells LF-2, LF-3, LF-6, LF-7, M-4, M-1, and M-3
should be abandoned in the near future, as their

construction is marginally acceptable under industry and
regulatory standards.

Attempts to install annular seals on existing monitoring
wells is not recommended due to risk of irreparable damage
to the wells, and costs associated with repair versus
overall abandonment and replacement with a new well.

Monitoring wells LF-4 and LF-7A are properly constructed and
should remain as part of the monitoring well network.
However, analysis for common organic compounds contained in
adhesives and primers should be included in any ground water
analysis performed on these wells.

The abandoned monitoring wells should be replaced with
three, two-well nests to assess horizontal and vertical
ground water flow and leachate migration. A single well
should be placed along the northwestern margin to close the

data gap created by the absence of a current monitoring
point (Figure 7).

The shop well should be removed from the monitoring schedule
~and replaced with a newly constructed background monitoring
well, to provide a more representative profile of the
shallow water table in the Landfill area.

Additional soil borings, without the installation of
monitoring wells, should also be considered to gain more
detailed geologic and hydrologic profiles. Soil borings
are of particular importance in future active areas where
installation of wells is impractical and prohibited under
proposed Subtitle D regulations. Four soil borings have
been located on Figure 7 with the projected well locations.
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Laboratory permeability testing should be performed on
select undisturbed shelby-tube soil samples taken during
monitoring well and boring installation, to measure the

vertical conductivity of the various unconsolidated
material.

Bail test should be performed on newly constructed well

nests to determine horizontal conductivity of aquifer
materials.

To confirm or disprove regional aquifer interconnection with
the water table aquifer, the Shop well should be used to
conduct a pump test. If the pump cannot provide sufficient
discharge, it can be temporarily replaced with one of
increased horsepower. Care should be exercised during the
pump test to route the discharge water away from the
Landfill area, as induced recharge can negatively impact the
test results. Newly installed monitoring wells can be

used as observation wells to measure aquifer response.

Ground water sampling for Phase I proposed Subtitle D
inorganic parameters should continue on a maximum six month
interval, unless otherwise required by MDHES for monitoring
wells M-1, M-2, M-3, M-4 LF-1, LF-2, and LF-3, until the

- recommended replacement monitoring wells are installed.

If Phase I inorganic constituents detected in the monitoring
wells exceed the National Primary Drinking Water Standards
or organic compounds are detected in the monitoring wells,
the downgradient seeps and domestic wells should be placed

on a biannual sampling schedule, unless otherwise specified
by MDHES.

A11 future sampling, with the recommended replacement
monitoring wells, should include Phase I inorganic and

organic parameters under the proposed Subtitle D legislation

-38-



to allow a database to be formed that will meet minimum
regulatory requirements. The analysis should also include
THF, MEK. MIK, and cyclohexanone if any current monitoring
wells are used for sampling.

QA/QC procedures similar to those used for the July 1990
sampling event should be used to insure sample integrity. A
minimum of two blanks should be added to the sample
analysis: 1) a trip blank of deionized water and 2) a field
blank taken of rinsate from the submersible pump.

After a minimum of two sampling events are conducted under
the recommended monitoring well network and QA/QC
procedures, the ground water quality downgradient can be
assessed with more confidence than is avajlable under
current well conditions and past sampling protocol.
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APPENDIX A

GROUNDWATER ANALYSIS RESULTS



GROUND WATER MONITORING

1 i
1 1PREPARED FOR: CITY OF BOZEMAN DATE: September 21, 1990 i
H i
1 1LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC. e
N JOHN R. SCHUNKE X
1IWELL DESIGNATION: LF-1 SCOTT T. BELL i
¥ ¥
{1DATE SAMPLED HIONIZNBS | 5N08NB4 | BNIINB7 | I2\D3NB7! TN26\BB | LINI4NBEI AIONEY H
i i i H = i H
1iFIELD TESTS  (Sampied by) JCITY BOZESCITY BOZE} JS & SB | JS& SB ! JS &SB! JS &SB! JS &SB! N
H i i 1 i === H
1iPH ' 7.4} 7.1 7.4 7.5 7.9} 7.3 7.41 H
{1SPECIFIC CONDUCTIVITY i 5273 4911 4554 4403 670} 5904 423 H
1 1 TEMPERATURE {degrees c) i i 5 163 H 15 12} 12 i
1 1DISSOLVED OXYGEN (mg/1) d i H 8.61 7.3 4.8 .4} 104 i
1 1STATIC H2D LEVEL (4t.) ! ' 14,71 15.91 16,61 16.11 14.9% 16,71 H
H g i g === i i
1 {LABORATORY INSU iNsU i NORTH.: NORTH.! NORTH.! NORTH.i  NORTH.iM&X CONC i
1 IANAL. LABIANAL. LABI NG 4 ENG. ¢ ENG. | ENG. ! ENG.ILEVEL i
i ! ] i H i i "
iiChioride as C1, mg/1 i 2.1% 2.0 18 17 181 171 191 25011
niNitrate + Nitrite as N, mg/11 3.3 2.4 3 3.4 2,73 3.3 2,91 1043
118ulfate as 504, mg/1 i i ! H 121 H 231 133 23011
iiChemical Oxygen Demand, mg/l! ' i i 4 i 22 {3 i
11Total Cyanide as N, ug/1 | d i i 40,0038 1 i 40.005 HH
i : i i ' H i H ] i
11DISSOLVED METALS, mg/1 i : | ] ] ! ] ; H
{iArsenic as As, ug/) i ; 1 {0,005 {0,005 <0.005%  {D.0OS:  (0.0OS! 0511
iiCadnium as Cd, ug/] i ! | 0061 38 {0,005  <0.005%  <0.005: JH
iiChromivm as Cr, ug/l i 01! | 021 0,02 02} Q41 {0.02 NI
iilron as Fe H 11 H A3 431 J1 1.3 A7 .30
iilead as Fb | 021 Poq0.028 {0,020 {0.020 L0.020  <0.028 051
| iMagnesium as Mg H 24.,8; i : i i i ' ¥
i iManganese as Mn i A1 i 041 Q8 081 A9 034 Q51
1iNickel as Ni, ug/1 ' 01! poooA0.020 <0.020 (D.02i Q30 {0,028 411
1iZinc as In i 011 ; 021 .05: .02 BLH R i
itCalcium as Ca : 73.2! i : i i i H i
11Sodiwm as Na ; i H i : i d d i
iiCopper as Cu } .004; i i i H ] i i
b i i ' i i i i ' i
11Total Hg, ug/l | i ; i i ; i i "
1iAlkalinity as CaCO3 i i ; } ; i i i H
1iTotal Organic Carbon, mg/1 ! 2 4.1 2! 4.7 1.5} 4.4 1.7} o
1iTotal Organic Halogens, ug/l! : H H i H : ! "
i1Total Dissolved Selids i 345 ; i ] ' ! ] i
1 11
¢ { COMMENTS: ‘ i
11STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING i
115AMPLING METHOD WAS WITH A PORTABLE PLMP n
{1% The sample bottles broke during shipnent 4
1i%% Tp be reported upon completion i
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Nitrate + Nitrite as N, no/1}

PREPARED FOR: CITY OF BOZEMAN
LOCATION: BOZEMAN LANDFILL
Sulfate as 504, mo/)

Chemical Oxygen Demand, mg/

DISSOLVED OXYGEN {(mg/1)
Total Cyanide as EN, ug/]

STATIC H20 LEVEL (ft.)
DISSOLVED METALS, mg/1

Chloride as C1, mg/1
Arsenic as As, ug/l
Cadmium as Cd, ug/1
Chromium as Cr, ug/l

Iron as Fe
Nickel as Ni, ug/1

WELL DESIGNATION: LF-1
1 DATE SAMPLED
FIELD TESTS
iilead as Pb
Magnesium as Mg
Manganese as Mn
Zinc as 2n
Calcium as Ca
Sodium as Na
viCopper as Cu
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GROUND WATER MONITORING

| {PREPARED FOR: CITY OF BOZEMAN DATE: September 21, 1990

1 1LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC.

i JOHM R, SCHUNKE

1 1WELL DESIGNATION: LF-2 SCOTT 7. BELL

11DATE SAMPLED (IONIANBS | GNG\B | BNIINGZY INOINBZT DN24\BBY IINIANBBINITNBY? i

PIFIELD TESTS  (Sampled by) ICITY BOZEICITY BOZE} JS & B} JS &8B! JS & SB! JS & SBIJS & 5B !

11PH i 4.7! 7.2} 7.74 7.7 7.5 7.1 7.5
{1SPECIFIC CONDUCTIVITY i 4901 484} 4101 410 6151 380+ 5804

1 TEMPERATURE {degrees c) i i 7.5 103 9 15 10i 8

1 1 DISSOLVED OXYGEN (mg/1) i i ] 8.4 6.7} 4,4} 8.9 11,51

11STATIC H20 LEVEL ($t.) ! ] 14,23 15.5 16,21 15.4% 15.7% 15.%

i H H H ! : }

i1 LABORATORY THSU iMSU INORTH.  INORTH.  INORTH. INORTH. INORTH. iMAX CONC
i IANAL. LABIANAL, LABIENG, TENG, {ENG, 1ENG. 1ENG., 1LEVEL
1iChloride as C1, mg/1 i 251 I8 23 20 23 208 231 250
1iNitrate + Nitrite as N, mg/14 4.3 3.0 3.18 3.35% 3.0 3.411 2,91 10
iiSulfate as 504, mg/1 i i H i 141 i 23 13 230
iiChemical Ogygen Demand, mg/1! i i ! i H i 13l 3

i1Total Cyanide as ON, ug/1 | d i v {0,005 ] T 40,0051

1 1 DISSOLVED METALS, mg/1 ] : i ] H : i i
iArsenic as As, ug/l ' H i {0,005 {0,005 <0.005:  {0.005F <0.005) 05
1iCadmium as Cd, ug/1 i | i L0091 40,005 0041 0.005: 0061 B
iiChronium as Cr, ug/ i 011 i 031 <0.020 (0,020 0,021 {0.02! .05
Hilron as Fe i .05 ' . 981 .38 1,25 6! 391 3
tilead as Ph i 031 i 40,021 {0.820 (D020 <0.02) {0.02; .05
11Magnesium as Mg ; 24.4] H i i i ! !
iiManganese as Mn i O H Jdé A5 A1 .04 AL .05
iiNicKel as Ni, ug/1 i N H Q20 {0.021 L2 (0,020 <0.02

112inc as 2n ; 013 i 211 Q20 <0.021 (0,02 .081
1iCalcium as Ca : 74.3 i ] i g i '

11Sodium as Na i i ! ] : i i i

i1Copper as Cu : 001} H i i ' i H

iiTotal Hg, ug/1 i i i i i ' ] i
1iAlKalinity as CaC03 : ; ! ' i i H H

11Total Organic Carbon, mg/1 | 3 Wi 2 [.4 21 1.4} 2,61

1iTotal Organic Halogens, ug/l! : i : 9 d i i

11Total Dissolved Solids i 351} ; i i ' i i

11 COMMENTS:

11 STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING

1 1 SAMPLING METHOD WAS WITH A PORTABLE PUMP

1% The sample bottles broke during shipment

11%% To be reported upon completion
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GROUND WATER MONITORING

JORN R. SCHUNKE

SCOTT 7. BELL

PREPARED BY: MORRISON -MAIERLE INC.

DATE: September 21, 1990
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GROUND WATER MONITORING

i H
{ {PREPARED FOR: CITY OF BOZEMAN DATE: September 21, 1990 H
T i
1 1LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC. i
HH JOHN R. SCHUNKE H
1 {WELL DESIGNATION: LF-3 SCOTT T. BELL e
i ¥
::
1 iDATE SAMPLED POIONIANBS) SNOBNBS | BNIINGZ 1 IZND3NB7! TN24M88 | 11n14\88) S\IS\BY | i
" : i ! i i ' "
{iFIELD TESTS  (Sampled by) iCITY BOZE:CITY BOZE! JS & 5B ! JS & SB | J5 & SB l JS& 5B RS&SH "
" ] H i t i ! HH
HIPH H .34 7.3 6.8} 7.9 7.5 7.2i 7.8 tH
1ISPECIFIC CONDUCTIVITY i 58114 483} 400! 5801 6401 5601 5901 H
11 TEMPERATURE {(degrees c) | ; 10} 11 10; 12.5 g 91 i
11DISSOLYED GXYGEN (mg/1) i i 1 7.8 71 8.4 7.4 10.2 HH
1iSTATIC H20 LEVEL (ft.) ; i 3.9 16.3% 17.18 14.13 16,3} 16.71 HH
i H i : i H i i
{ 1LABORATORY iMSU iHSU INORTH.  INORTH. INORTH. INORTH. INORTH. iMAX CONC i}
o 1ANAL. LABIANAL. LAB!ENG, iENG, 1ENG, 1ENG, 1ENG, {LEVEL HH
H ! } i 1 i : tH
1iChloride as C1, mg/1 H 1591 15 i1 10i 12 b 101 23011
viNitrate + Nitrite as N, mg/1! d4} 1,55 1.744 2.3 1.69) 2,311 1.851 1044
11Sulfate as 504, mg/1 i i ] H 7 : 73 i 25011
11Chemical Oxygen Demand, mg/1! d 1 i (1 ; {23 {3 H
11Total Cyanide as ON, ug/1 |} | H i {0,005! i P 0,005 H
i i : H ! i H H : i
1 iDISSOLVED HETALS, mg/1 1 H ! : H : ' ! HH
iiArsenic as As, ug/] : ! i {0.005: {0.DO5V {0.003% 40.005¢ 40.DOS! 051
11Cadmium as Cd, ug/) i } H 0081 (0.005% 0050 {0.005%  {0.005: did
1iChromivm as Cr, ug/l H 004} d 021 {0.02: {0.02: 048 {0,024 RiEH
11Iron as Fe i .34 i NH 98 1.44) 541 A9 R
1ilead as Pb i {0.02; : {0.02} {0.02; {0.02) {0.021 (0.02; 055
11Magnesium as Mg i H i i ' : i ' i
| iManganese as Mn i {0.05! i 078 033 091 04: Q43 L0944
1iNickel as Ni, ug/ ' i ; {0.02! (0.02} 031 {0.021 {0,02! e
iiZinc as In } | i {0.02: Q3 {0.02i {0.02} L0351 HH
HiCalcium as Ca ! 84.7! ! H : i ; H H
115odium as Na ! ! ; : ! ! ! ! i
i 1Copper as Cu : .01} | i i H { i i
" i i H i ' ' ; ' i
!iTotal Hy, ug/] i : : : 1 ! : | i
PiATKalinity as CaC03 H i H : H i H ' HH
i1Total Orqanic Carbon, mg/1 | 21 {0.54 2 2.1 1.41 4 1.5 i
11Total Organic Halogens, ug/l! i i H 81 ' i i 4
tiTotal Dissolved Solids i 372] i : H H H i H
1 i COMMENTS: H
1 15TATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING i
1 1SAMPLING METHOD WAS WITH A PORTABLE PUMP x
11% The sample bottles broke during shipment i
11%% To be reported upon completion HH
H H




GROUND WATER MONITORING
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PREPARED BY: MORRISON -MAIERLE INC.

DATE: September 21, 1990
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Chemical Oxygen Demand, mg/1!

PREPARED FOR: CITY OF BOZEMAN
LOCATION: BOZEMAN LANDFILL
Total Cyanide as N, ug/]

SPECIFIC CONDUCTIVITY

DISSOLVED OXYGEN (mg/1)
STATIC H20 LEVEL (4t.)
DISSOLVED METALS, mg/1

1 ITEMPERATURE (degrees c)
Chromium as Cr, ug/1
Iron as Fe

WELL DESIGNATION: LF-3
Lead as Pb

Cadmium as Cd, ug/l
Magnesium as Mg
1 iManganese as Mn

DATE SAMPLED
FIELD TESTS

LABORATORY
ota
1Ka
Tota
Tota
Total Di
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GROUND WATER MONITORING
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GROUND WATER MONITORING

LOCATION: BOZEMAN LANDFILL

]
1
1
1
i
1
1
H
1
]
13
i1

WELL DESIGNATION: M-i

1
T
1
]

PREPARED FOR: CITY OF BOZEMAN

DATE: September 21, 1990

PREPARED BY: MORRISON -MAIERLE INC.
JOMN R. SCHUNKE
SCOTT T. BELL

i1DATE SAMPLED

11FIELD TESTS  (Sampled by)

TIN21NB4 | SVIZABS | S\OBNB4 | GNIING7 | IZA\B7 | T\24\88 | 11\14\88)
iC1TY BOZEICITY BOZEICITY BOZE! JS & 5B 1 JS& 5B} JS& SB ) JS & 9B )
1PH | 7.6} 7.6} 7.3 7.251 7.9i 7.8 8.9
1SPECIFIC CONDUCTIVITY ] 3904 3904 3103 4301 4051 4301 3908
i TEMPERATURE (degrees ¢) ' ! : 9 10} i 104 g
i DISSOLVED OXYGEN (mg/1) : | } ] 8.2 ; 8.81 .41
1STATIC H20 LEVEL {4t.) H 521 i 43,61 44 43.8) 43.31 45,61
i LABORATORY iMSU iMSU Hy ] i NORTH.t NORTH,:  NORTH.:  NORTH,iMAX CONC
! IANAL, LABIANAL. LABIANAL, LABI ENG. | ENG. | ENG. ! ENG. ILEVEL
1iChloride as €1, mg/] i 2.4; L cH H 21 i i ; 250
TiNitrate + Nitrite as N, mo/11 | i 2.3 3.541 H 3.094 .74 19
i1Sulfate as 504, mg/1 : ! ; H | H ' ! 250
i iChemical Oxygen Demand, mg/1} ND! 104 i i (i i (2
1:Total Cyanide as CN, vg/1 | ; H ! 1 40,0058 i i
1 1 DISSOLVED HETALS, mg/1 i H H : ] i i H
11Arsenic as As, ug/l H i i v (0,003 <0.0050 <D0.00S%  <0.00S 05
iiCadnium as Cd, vg/l i i 1 K0.010 £0.00%1  {0.005: L0067 {0.005¢ .
1iChromium as Cr, ug/] H ND} : 0020 0,027 <0.020  <D.020  {0.02 .09
1ilron as Fe H i LI (' .4 6l JA9) A1 741 .3
iilead as Pb i H P 40,037 {o.02  <D.02F  «(0.02F  {0.02 05
i iMagnesium as Mg ] i P A0 i ; i i
i iManganese as Mn ] ! ] 17 A28 031 030 033 05
1iNickel as Ni, g/l i i i {0020 L0.028  (0.02%  <0.021  «<D.02i
1i2inc as In i H ¢ {0.031 {0,020 (0,021 {0.020  «(D0.020
1iCalcium as Ca H i {0,018 i H i i
{1Sodium as Na i ] H 49, i : ] '
11 Copper as Cu i H d 4} i i i H
i ' i 1 (0.0 i : i :
1Total Hg, ug/ i i ' i i i ; !
iAlkalinity as CaC03 i ] ; i : | H !
tTotal Organic Carbon, mg/1 |} ! ' (0.5 1.6} 8! i s
iTotal Organic Halogens, ug/l} H i i ' \ ; 8
iTota! Dissolved Solids H 2104 2201 i 2401 264} 2801 2101

COMMENTS:

1STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING
15AMPLING METHOD WAS WITH A PORTABLE PP

i* The sanple bottles broke during shipment

1 %% To be reported upon completion
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GROUND WATER MONITORING

11 PREPARED FOR: CITY OF BOZEMAN DATE: September 21, 1990
11LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC.

K JOHN R. SCHUNKE

{1WELL DESIGNATION: M-1 SCOTT T. BELL

—

%’EFDATE SAMPLED 1 N5NEY | ANDSNEY E 10\0ANBT! TNIN9D ! ] i | i

T |=——==u==| jmmm————=] ! !

{iFIELD TESTS  (Sampled by) ! RS & SM { RS & SM ! RS & SM | SM & SP ! i ! !

& e ' e ;

1iPH I 7.2% 8.31 4.8 7.7 ; i i
118PECIFIC CONDUCTIVITY H 410; 4201 430} 440: i i i

| {TEMPERATURE (degrees c) i 9 13 9 i ! i i
11DISSOLVED OXYGEN {mg/1) i 9 i 7.4 it} ' | i

1 18TATIC H20 LEVEL (ft.) d 43.71 44.81 44,4 44,74 ] | H

HH | H i i | i
1 1 LABORATORY i NORTH.: NORTH.t  NORTH.iCHEN- | i i iHAX CONC
b i ENG. ENG. ENG. INORTH. & i d tLEVEL
i H ! H ' i i
1iChioride as C1, mg/l : i 5 2 1 i i } 250
viNitrate ¢ Nitrite as N, mg/1i 3.43 3.914 3.791 4,261 i ; i 10
115ulfate as 504, mg/1 i 12} 14i 151 bH | | H 250
iiChemical Oxygen Demand, mg/1} {3 21 8% 121 H i i

iiTotal Cyanide as ON, wg/1 1 {0,005 <¢0.005% <¢0.005% {0.005; : { l
i i : i H ; i i i

1 1DISSOLVED NETALS, mg/) ) ! 1 : : : i |
iiArsenic as As, ug/l i {0.0057 <0.005% <0.0057  <D.005 ; H : A3
1iCadmium as Cd, ug/1 T (0.005% <0.005% <D.003!  (0.003 ' | H .
i iChromium as Cr, ug/l Pooo<0.028  (0.020  {0.020  40.028 i i i 05
i+1ron as fe i 341 091 LH SLH i ' : .3
iilead as Pb v AD.B27 40,020 40,027 {0.0MI ' i | .03
1iHagnesium as Mg H : H i ] i i i

i iManganese as Mn i 03 034 A 1Y i i : .05
iINickel as Ni,; ug/l i {8,021 <0.021 0.0 .03 ' ; i

1iZinc as In i {0.02: {0.02 03 .05 i i i
1iCalcivm as Ca ; i i i ' i ! i

1iSodium as Na i i | i i d | H

i1Copper as Cu i i i ] : i i i

i i ' ! ' i : : ;

iTotal Hg, ug/l ! ! ' H i i ' :
‘Alkalinity as CaCl3 H i ] H H i : '

iTotal Organic Carbon, mg/1 ! S .8 R 1.3 : i i

iTotal Organic Halogens, ma/1! 008! i ] 008! ; i i

iTotal Dissclved Solids } i i d i H i :

COMHENTS:

i S e S e W e i e S i W

% The sample bottles broke during shipment
#% To be reported upon completion

1STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING
1SANPLING METHOD WAS WITH A PORTABLE PUMP




GROUND WATER MONITORING
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GROUND WATER MONITORING

11 113
11PREPARED FOR: CITY OF BOZEMAN DATE: September 21, 1990 t
i H
11LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC. i
HH JOHN R, SCHUNKE "
PIWELL DESIGNATION: M-2 SCOTT 7. BELL H
¥ ¥
1 1DATE SAMPLED PIANBT 1 OINIINST hENBAL \IINE7 | INDANBZY TNZ4NBB | 1INI4NBS) W
i1 1 1 1 1 1 I N}
+1FIELD TESTS  {Sampled by) ICITY BOZEICITY BOZEICITY BOZE! JS & SB ! JS &SB! JS & 5B 1 JS & 5B | H
' ! : : ! | ; ¥
LiPH - b 65 74 7.8 7.4 74b 6.8 ¥
+1SPECIFIC CONDUCTIVITY 10000 S48 38 &% 0 S50 440 i
1 1 TEMPERATURE (degrees c) ' ; f 163 113 ; 11.58 'K i
11DISSOLVED OXYGEN (mg/1) ; : ; 7! : 7 A H
PISTATIC H20 LEVEL (41.) ] : i 59.81 58.51 58.51 58.21 38,14 H
1 | ] 1 ] 1 ] (]
1 1 LABORATORY HSU 1MSU 1HSU v NORTH.i NORTH.t NORTH.! NORTH.: MAX CONC:ii
H TANAL. LABIANAL. LABIANAL. LAB! ENG. | ENG. | ENG. i ENG,! LEVEL i1
" H i ' ! i i i
1iChloride 2s C1, mg/ i 291 14 I 10 ; 61 I 25011
1iNitrate + Nitrite as N, mg/1! i 1,89) 3.4: 2.741 3.271 2.871 4,8! 1043
118ulfate as 504, mg/t ' i H i H i i 101 23011
i iChenical Oxygen Demand, mg/1! 103 2i H i ot i 81 HH
{1Total Cyanide as N, ug/l | : : | L (0,005 : : i
H i i H : H i i : i
11DISSOLVED METALS, mg/1 i H H H i i i H H
1iArsenic as As, ug/l i ; d {0.1: 0051 {0.0057  €0.005:  <D.00S! 035
iiCadnium as Cd, vg/1 ] i i 002 007t {0,005 Q10 €0.0038 Jdit
1iChromium as Cr, ug/l i | 043 {0,02! {0.02} {0.02! 033 £0.02; 0531
{ilron as Fe i H .03} {0.038 .48; 321 4,991 .41 3
iilead as Pb i i P01y {0.020 <D.020 <D.021  {0.923 051
1 iMagnesium as Mg i H 29.14 17 i i ; i i
i iManganese as Mn | i 045 {0.02; 371 271 A1 081 050
1iNickel as Ni, ug/l i : 421 {0.03] {0.02! {0,021 03 {0.021 i
iilinc as In ; i 0028 {0.015 {0.02¢ 10.02 NI {0.02; Y
1iCalcium as Ca | ! 021 551 i ; H ' i
11Sodium as Na i : 98.51 4] H : i i i
i 1Copper as Cu ! L 0018 {0.011 | g i ! HH
i i ! ! i ! i | i i
1iTotal Hg, g/l i H i i ! : H i i
i tATkalinity as CalO3 i i i i : i H i i
iiTotal Organic Carbon, mg/1 ! H 2 i 21 291 1.4 .8l H
11Total Organic Halogens, ug/1! i ' i i 9 : : o
11 Total Dissolved Solids i 4301 377 i i i ' i H
i i
1 1 COMMENTS: i
11STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING i
1 1SAMPLING METHOD WAS WITH A PORTABLE PiMP il
i1% The sample bottles broke during shipment i
11%% To be reported upon completion i
i1 1




GROUND WATER MONITORING

11PREPARED FOR: CITY OF BOZEMAN DATE: Sepiember 21, 1990

1 1LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC.
i JOHN R, SCHUNKE
11WELL DESIGNATION: M-2 §COTT 7. BELL

1 1DATE SAMPLED PINIABY 1 ANINET 1 10N0ANBRT NIONGD i i
1IFIELD TESTS  (Sampled by) 1 RS & SM ! RS & SH | RS & SH 1 SH & AP | i :
1iPH i 8.6} 4.1} é.91 7.8} ! '
11SPECIFIC CONDUCTIVITY i 4304 5201 s103 4701 ! H
1 i TEMPERATURE (degrees ¢} i i1} 15 12} 10 i i
11DISSOLVED OXYGEN (mg/1) H 4.9 ik 4.4 7.1 H H
1 1STATIC H20 LEVEL <ft.) | .71 58,41 xxxd4B.17  ®eedB.0) : ;
1 | LABORATORY ! NORTH.! NORTH.! NORTH.i  CHEN- } H H
i ] ENG, § ENG.1 ENG.§ NURTH : : i
1iChloride as C1, ng/| i éi 4 6% 16 i ]
1iNitrate + Nitrite as N, mg/1! 3.7 2,48 3.43 3.14 i i
1150l fate as 504, mg/] ! IEH 201 8! I H '
iiChemical Oxygen Demand, mg/11 {3 2i i 10 i i
iiTotal Cyanide as N, uvg/1 & {0,005 (0.005: <0.0057 <0.005: i i
11D1550LVED METALS, mo/1 i ! g d i ! !
iiArsenic as As, ug/| i 40,005 <0.0030  <0.005% <0.0058 H '
1iCadnivm as Cd, ug/l b 40.005¢ {0,005: (0.005:  {D.00SI : i
iiChronium as Cr, ug/) V40,0027 <0.020 0,027 {0.02 H i
11Iron as Fe i .53} i 261 iLH ' '
tilead as Pb iooLe02 {0.020 <0.020 <0.0%% i i
11Hagnesivm as Mg i H | 17 i g H
i {Manganese as Mn ] 081 181 A3 2 ' '
1iNickel as Ni, ug/] ioo(o021 0,020 <0.020 021 i i
1idinc as In o002t {0.028 41 {0,021 : :
nifalciwm as Ca i i i i i i !
1180dium as Na i i i : i i i
ViCopper as Cu ! | ; : ! ' '
11Total Hg, wg/1 ' H i i i : i
1iATkalinity as CaC03 | i H i H ] ;
i1Total Organic Carbon, mg/1 i {1 L 1.2 1.3 i !
i1 Total Organic Halogens, ug/1! d ! {51 034 i d
iTotal Dissolved Solids : 4301 377 i H i '
1 COMMENTS:

i STATIC WATER LEVEL MEASURED IN FEET BELOMW THE TOP OF CASING

SAMPLING METHOD WAS WITH A PORTABLE PUMP
The sample bottles broke during shipment

*% To be reported upon completion

14%8de1] cap cut off since last recording

 §
]
'
1]
¥
1
1
1
i
i
I
i1k
1
11
]
]
1
1




GROUND WATER MONITORING

1 1PREPARED FOR: CITY OF BOZEMAN DATE: November 13, 1989

1 1LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISGN -MAIERLE INC,

H JOHN R. SCHUNKE

{IWELL DESIGNATION: N-3 SCOTT T. BELL

11DATE SAMPLED TIINIBABL | SVISNB2110N21NB2 ISAIINB3 1 A\IDNBI 1 10ND4NBY! 7\30\84 3

VFIELD TESTS  (Sampled by) !CITY BOZE:CITY BOZEICITY BOZE:CITY BOZE:CITY BOZE!CITY BO2E!CITY BOZE!

1 ] 1 ] ] ] 1

HiPH ' 7.5 7.71 7.91 7 4.8} 7 7.05:
11SPECIFIC CONDUCTIVITY i 2381 B21] 1170 10304 1390} 15001 8401

1\ TEMPERATURE (degrees c) : H : H i i i i
11DISS0LVED OXYGEN {mg/1) i i i i | i i '

11STATIC H20 LEVEL (ft.) ' i ! i i i i i

11DEPT, HEALTH & EWIR 5C1  iCITY BOZE:CITY BOZE!CITY BOZEICITY BOZEICITY BOZECITY BOZEICITY BOZE!MAX CONC
1 IWATER BUREAU, CHEM LAB 1 i ! H ' | i 1LEVEL
11Chloride as C1, mg/1 i B H 7.2 A0.058 4501 6243 i 43,91 230
iiNitrate + Nitrite as N, mg/1! AT 93! 37 i ! ' ! 19
1iSulfate as 504, mg/ i 1.3 2,61 H i : i i 250
1iChemical Oxygen Demand, mg/1!  103.4] 25.21 3 23.81 3.2 19.41 13

1iTotal Cyanide as (N, ug/1 | 401 (404 i | ] ‘: 5

11 DISSOLVED METALS, mo/1 | ' 1 ' H i ; i
1iArsenic as As, ug/l i 013 {4 i g H ! : 05
1iCadmium as Cd, ug/1 i 011 48 H ) i i g o
11Chromiva as Cr, ug/l ' 02! 04 H H 25.31 i ' .05
itIron as Fe H 031 {0.03 i ! i ! ] .3
1ilead as Pb i i i i i i i i 03
{iMagnesium as Mg i 17.5% H ) i i i i
iiManganese as Mn i 01 01 i ! i ' ' 03
1iNickel as Niy ug/1 ' 1 4.8 {11 : i i !

1iZinc as In : A8 (0,05 H i i ' !
i1iCalcium as Ca i 39.91 451 ! i i ' i

11Sodium as Na i 8! 7.91 i i i H i

1iCopper as Cu i 021 {0.02} ! i i ; z

i1Total Hg, ug/1 i 020 0,02 H i i i i
iiAlkalinity as CaC03 i 182.48 1781 228,51 i H ' !

iiTotal Organic Carbon, mg/1 | i i ! ! H ' i

11Total Organic Halogens, ug/li i H g i ' i i

i1Total Dissolved Solids g 194 218} 3158 724 7921 773 788!

11 COMHENTS:

115TATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING

1 1 SAMPLING METHOD WAS WITH A PORTABLE PuMP

1i% The sample bottles broke during shipment

11%% To be reported upon completion
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GROUND WATER MONITORING

I

1 I PREPARED FOR: CITY OF BOZEMAN DATE: November 15, 1989

[N

11LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC.

i JORN R, SCHUNKE

VIWELL DESIGNATION: M-3 SCOTT T. BELL

i1

i :

1 1DATE SAMPLED TIN2INBA] NIZNBS 11\11\85 T NDENBS | BNIINGZ 12\03‘\8?' EAVZAR

i 1FIELD TESTS  (Sampled by) ICITY BOZEICITY BGZE CITY BOZEICITY BOZEICITY BDZE cImy BUZE CITY BOZE:

i y========x| i i

1iPH : 7.13 4.81 4.5 6.9 7: 7,2. 7.51
VISPECIFIC CONDUCTIVITY ] 12003 11661 12501 8941 11008 1008: 9501

11 TEMPERATURE (degrees ¢) i ' i i i g 9 7.51

1 iDISSOLVED OXYGEN (mg/1) : ! i i } 7.8 7.3 4.9

115TATIC H20 LEVEL (f1.) i i i 49.31 4% .81 50,41 51 517

i i ' ' : H i

{1DEPT. HEALTH & ENVIR SCI  iCITY BOZEICITY BOZEICITY BOZEICITY BOZEINORTH. INORTH. INORTH. IMAX CONC
1 IWATER BUREAU, CHEM LAB d i ] H 1ENG, {ENG 1ENG. 1LEVEL

13 1 1 1 1 ]

iiChloride as C1, mg/1 i 401 34 33 42 an 281 241 230
1iNitrate + Nitrite as N, mo/11 i ] 2,91 2,348 2.71 1,921 1.743 10
18ulfate as 504, mg/1 ' : i i i i 18} ; 230
i1Chemical Oxygen Demand, mg/1! 291 181 i } i {1 i

ii1Total Cyanide as ON, ug/1 | : i i i 140,005 i

b 3 1 | ¥ [ 1 1 1
11DISSOLVED HETALS, mg/1 i i i i H : ; i
iifArsenic as As, ug/l i ! H i (.01t <0.0051  <D.005F  (0.005 Nk
i1Cadmium as Cd, ug/1 i i : i 0028 0087 (0.005:  40.005! Jd
1iChronium as Cr, ug/) i ND! NDi b A0.028 (0,020 0,020 {0.02% 03
iilron as Fe i i i i 4003 223 091 Ji .3
iilead as Pb i ' i IR (M B L3100 (0,027 <0.028 A5
| iMagnesium as Mg ] ' ; d i H : d
1iManganese as Mn { ! i V{002 07 051 041 035
iiNickel as i, ug/1 i ' H b 40,031 030 40,028 03!

viZinc as In ! ' ! P 0.0 A7 A28 {0.02
1ifalcium as Ca i i ] i 1451 i ; i

118cdium as Na i i i i 154 | H ]

+iCopper as Cu ] H i H 0.013 i : i

] ' i ' ; i i ] :

iTotal Hg, ug/l i H i H H ; ! |
iAlkalinity as CaC03 ' ! g ! i ' i '

iTotal Organic Carbon, mg/1 | ! H 3 4.8 2.6} 3.4} 2.3

iTotal Organic Halogens, ug/1! i H i i : H i

iTotal Dissolved Solids H 7201 7301 i ' H ! :

1STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING
1 SANPLING METHOD WAS WITH A PORTABLE PLMP

i% The sanple botties broke during shipment

%% To be reported upon completion

i




GROUND WATER MONITORING

COMMENTS :

STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING
SAMPLING METHOD WAS WITH A PORTABLE PUMP

* The sanple bottles broke during shipment

¥t Tp be reported upon completion

1 1PREPARED FOR: CITY OF BOZEMAN DATE: November 135, 1989

+1LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC.

H JOHN R. SCHUNKE

11WELL DESIGNATION: M-3 SCOTT 7. BELL

11

HH

+1DATE SAMPLED v IINIANBBY SNITNBY 1 ANDSNBY 1 1ONDANEYY 7NONGD | i :

' : i H ] ===

1iFIELD TESTS  (Sampled by) | JS& 3B ! RS & SM ! RS & SH ! RS & M ! SH & 5P ! g i

H ! ' d H i :

11PH : 8.7 8,31 I H 7 7.9 i i
11SPECIFIC CONDUCTIVITY i 9501 9304 8304 970} 10201 ' i

1 TEMPERATURE (degrees ¢} i 8.5 104 14 103 9 i i
11DISSOLVED OXYGEN (mg/1) i 8.8 7.4 ; 7.41 7.6 i i

11STATIC H20 LEVEL (ft.) { 51.9% i i 514 50,9 i i

H ! i i ; i i

11DEPT, HEALTH & ENVIR SCI  INORTH. INORTH. INORTH. INORTH. ICHEN- | i 1A CINC
1 IWATER BUREAU, CHEM LAB 1ENG. 1ENG. {ENG. 1ENG. iNORTH.,  § ! {LEVEL

HH H i i i i

iiChloride as €1, mg/1 ' 28 23 17 24} 23 i ' 230
iiNitrate ¢ Nitrite as N, ng/1} 2.14 1,831 1,971 1582 2,02 i : 10
115ulfate as 504, mo/1 i éi 19 121 1 A i d 230
11Chemical Oxygen Demand, mg/1} 19 {3 8i {1 14 i i

iiTotal Cyanide as ON, ug/1 | i <0.005% {0.005%¢ <0.005%7  <D.00S: ' i

] H ' i H | ' i i

11 DISSOLVED METALS, mg/1 | i | : ! ' i i
1iArsenic as As, ug/| i {0.005% ¢0.0051 <0D.00S! (0.005:  <0.005: ' ! .05
11Cadmivm as Cd, ug/1 i 40,005 {0.005: <0.005% <0.005% {B.005 i ] .
11Chrorivm as Cr, ug/l ; 04 (0,020 (0.027  <D.021  {0.02 i i 03
1ilron as Fe ! 84} 091 .084 081 08: i H .3
1ilead as Pb i AD.020  (0.020  {0.021  {0.02)  {0.DI} i H 05
i Magnesium as Mg i ' i i i 3 ] :
1iManganese as Mn i 09! 051 051 R 041 i ' 05
1iNickel as Ni, ug/1 i (0.02F  (0.02¢ (D02} (0.02) i i !

1iZing as 2n ' O3 050 {0,028 4 ' ] )
1iCalcium as Ca i i i : i 9 ' i

t1Sodium as Na ; i i i ] 12 ; i

1iCopper as Cu d i H i i ! i i

i i | ' ] i H H g

11Total Hg, ug/) ! ! ' : P02 ' !
iAlkalinity as CaC03 H ] ' : i 36351 ' i

1iTotal Organic Carbon, mg/1 ! 2.4 2.1 2.43 2 2.8 i :

i1Total Organic Halogens, ug/1} 431 : H 27 } i H

11 Total Dissolved Solids i 720} 7301 : H 452 i i

1
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{Sampled by) |

:2y3-Trichloropropane, ug/l1i

-Hexanone, ug/1
2-Chiorgethyl vinyl ether,mg!

rans-1,4-dichloro-2-butene

B
i
1
2
q

-Hethyl-2-Pentanone, ug/1
1,1,2,2-Tetrachloroethane

+4 Difluorobenzene, ug/l
Toluene, ug/1

thanol, ug/1

4 Bromofluorobenzene, ug/l
Carbon tetrachloride, vg/l
Viny] Acetate, ug/]

Ethy! methacrylate, ug/l
Chlorobenzene, ug/l
ethylbenzene, ug/1

Styrene,m ug/1
Xylenes {total), ug/l

isspived Selenium as Se
romochlorome tnane, ug/l

issolved Silver as Ag

romoform, ug/1

COMMENTS:

cis-1,3-Dichioropropene ,ug/

PREPARED FOR: CITY OF BOZEMAN
LOCATION: BOZEMAN LANDFILL
1,1,2-Trichloroethane, ug/]

Bromodichioromethane, ug/!
Benzene, ug/]

WELL DESIGNATION: M-3
iAmmonia Nitrogen as N, mg/1
Total Alkalinity as CaC03,
Calcium as Ca, mg/1
Potassium as K, mg/l
Sodiwm as Ns, mg/1
Dissolved Beryllium as Be

1iDissolve Mercury as Hg
trans-1,3-Dichloroprapene
Trichloroethene, ug/1

DATE SAMPLED
FIELD TESTS

LABORATORY

¥
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1
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PREPARED BY: MORRISON -MAIERLE INC.
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{Sampled by) |

y2-Dichloroethane, ug/1
y1,-Trichioroethane, ug/1

-Butanone, ug/]
ibromone thane, ug/1

PREPARED FOR: CITY OF BOZEMAN
LOCATION: BOZEMAN LANDFILL
Trichlorofluoromethane, ug/1

ichlorodifluoromethane
iCarbon Disulfide, ug/
111,1-Dichloroethene, ug/1

hloroethane, ug/1
PiMethyl iodide, ug/1

tiAcrolein, mo/l
iMethylene Chloride, ug/l

iny! Chloride, ug?
Acetone, ug/)

WELL DESTGNATION: M-3

FIELD TESTS
BORATORY
hloromethane, ug/l
romoethane, ug/|

il

iChloroform, ug/!

D
C
1
i
D
1

3 S& S

e M mam g e e mem awem

]
i
1
1

iiAcrylonitrile, ug/l

11DATE SAMPLED
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GROUND WATER MONITORING

{ {PREPARED FOR: CITY OF BOZEMAN DATE: September 21, 1950

1 VLOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC.

" JORN R. SCHINKE

P IWELL DESIGNATION: H-4 §COTT T. BELL

11DATE SANPLED PSS | BNTING7 § 1A | TN26\88 | 1INI4NEBI DNIS\BY | SNIS\E?

VWFIELD TESTS  {Sampled by) iCITY BOZE) JS & 5B | JS & 5B i JS &SB! JS&SB i JS&SB I JS&SB

1iPH i 8 7.8 7.0 7.5 4.8 é.71 7.3

1 1SPECIFIC CONDUCTIVITY i 814 9451 8751 900! 805! 8701 840}

{1 TEHPERATURE (degrees c) i 81 104 8! i b 134 201

i 1DIGSOLVED OXYGEN (mg/1) i ; 8.5 8.7 i 6.5} 7.3 7

115TATIC H20 LEVEL (ft.) i 20,43 224 22.3 22,14 21 22 22;

1 1LABORATORY i ENERGY! NORTH.! NORTH.i NORTH.i NORTH.: NORTH.i NORTH.IMAX CONC
i : LARS! ENG.! ENG. | ENG.! ENG, ! ENG.} ENG.!
1iChloride as C1, mp/ ' 21} 151 i 124 101 13 81 250
iiNitrate + Nitrite as N, mg/14 2,46} 1.8} 2,75 1,481 2,22} 1,9 1,971 10
15ulfate as 504, mg/1 1 ' i { i 10} 9 Y ai 230
iiChemical Dxygen Demand, mg/1i i : WK : i {3 2

1iTotal Cyanide as (N, ug/1 | : i 40,005 i PooA0.0051 40,005
1iDISSOLVED METALS, mg/1 i ! 1 i g : i i
ViArsenic as As, ug/l ' (6.1 40,0057 <0.005i <0.005% <¢0.005% <0.005% <0.00SH 03
iiCadmium as Cd, ug/1 : 003! 0071 40.005 0071 €0,005%  <0.005%  {0.005: .01
{iChromivm as Cr, ug/1 i L0028 A3 {0.020 0.0 030 (0,021 (0,028 03
1iIron as Fe i .03 2.9 73 2.3 421 A7 181 3
iilead as Pb i A1 021 (0.020  <0.02F  (0.02 20 0.02 05
| {Magnesium as Mg d 44} i ] i i i i
iiManganese as Mn : 291 031 07 .13 .04 081 .06 .05
i1iNickel as Ni, ug/1 i <0.03 30 (0.028 030 {0.028 .04 028

112inc as In v {0,010 (0.02 Q47 (0,028 {D.028 04 iTH
iiCalcium as Ca i 1394 i i : i ' :

11S0dium as Na i 141 ! i : d i i

11Copper as Cu i {0.011 i H i i i i

i1Total Hg, ug/1 H ; i i | i : i
1iATKalinity as CaC03 i ' i i ] ' i i

+1Total Organic Carbon, mg/1 ! 1.7 1.7 1.9 1.4} 1.2 2 1.6}

11Total Organic Halogens, uwg/1! : i 21 i 21 i 231

11 Total Disselved Solids i i i i i | ! i

1 1COMMENTS:

11STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING

1 1 SAMPLING METHOD WAS WITH A PORTABLE PUMP

i1% The sample bottles broke during shipment

11%% Tg be reported upon completion




GROUND WATER MONITORING
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(Sampled by) |
inity as CaC03
Grganic Carbon, mg/1
Organic Halogens, ug/1
Dissolved Solids

Hg, ug/1

TATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING

1 SAMPLING METHOD WAS WITH A PORTABLE PUNP

1% The sample bottles broke during shipment

PECIFIC CONDUCTIVITY
Chemical Oxygen Demand, mg/1!
Total Cyanide as N, ug/1

ISSOLVED METALS, mg/1

rsenic as As, ug/l

% To be reported upon completion

TEMPERATURE (degrees c)
Sulfate as 504, mg/1

Chromivm as Cr, ug/l

Iron as Fe
Lead as Pb

Cadmium as Cd, ug/1
iMagnesium as Mg

alcium as Ca
odium as Na
Copper as Cu
1
i
1
]
]
OMMENTS

D

A
C
§

]
¥
L
1

Nitrate + Nitrite as N, mg/1}

FREPARED FOR: CITY OF BOZEMAN
LOCATION: BOZEMAN LANDFILL
DISSOLVED OXYGEN (mg/1)
STATIC H20 LEVEL (ft.)
Chioride as C1, mg/1

iNickel as Ni, ug/1

WELL DESIGNATION: M-4
iZinc as 2n

DATE SAMPLED
FIELD TESTS
LABORATORY
iManganese as Mn

PH
5

iC
15
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GROUND WATER MONITORING
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GROUND WATER MONITORING
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Trichlorofluorcmethane, ug/1!

Carben Disulfide, ug/1
1,1,1-Trichloroethane, vg/l |

PREPARED FOR: CITY OF BOZEMAN
LOCATION: BOZEMAN LANDFILL
I-Dichloroethene, ug/]

hloroform, ug/1
s2-Dichloroethane, ug/i

Acrylonitrile, ug/l

iMethylene Chioride, ug/1
~Butanone, ug/1
ibromome thane, ug/1

Vinyl Chloride, ug?l
iDichlorodiflupromethane
11Acetone, ug/l

1
[}

Chioromethane, ug/1

Bronoethane, ug/1
Chioroethane, ug/l
iHethy] iodide, ug/1

itAcrolein, mg/1

[}
1

COMMENTS:

LABORATORY

1
C
1
2
]

WELL DESIGNATION: M-4
IFIELD TESTS  (Sampled by) !

1DATE SAMPLED
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GROUND WATER MONITORING

i COMMENTS:

1STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING
1 SAMPLING METHOD WAS WITH A PORTABLE PUMP

1% The sample bottles broke during shipment

1%% To be reported upon completion

]
1
]
¥
]
T
1
3
¥
]
]
1
)
1
]
1
1
¥
1
1]
]
T
]
i
1
1

i1 it
1 iPREPARED FOR: CITY OF BOZEMAN . DATE: September 21, 1990 i
|83 [¥]
{ 1LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC. H
H JOHN R. SCHUNKE H
HIWELL DESIGNATION: SHOP SCOTT 7. BELL ¥
11! 11
¥ 1
11DATE SAMPLED TAIBNBT 1 OSAIBNE2 1 1IN21N820 TN31NB3 | A\30NE3 1 I1NZ\B3 | S\30N\84 "
H jm==—=——=] i i =] th
{IFIELD TESTS  (Sampled by) {CITY BOZEICITY BOZEICITY BOZEICITY BOZEICITY BOZEICITY BOZEICITY BOZE: i
N i i : : i i ik
1iPH i 7.5 7.9 8.3 7.5 7,5 7.6} 7.72 H
§ 1SPECIFIC CONDUCTIVITY i 2381 3 3881 3781 4401 3901 2204 i
{ I TEMPERATURE {degrees c) i i : i ' i ' ' H
1 1DISSOLVED OXYGEN {mg/1) i ] i i i I i H H
PISTATIC H20 LEVEL ($t.) ! NAY NA! Nai NAY NAl Nal MA} i
" = H = == i i i i
| ILABORATORY iMSU iMSU iHsU iCITY eIy iCITY iHsU iMAX CONC
i TANAL. LABIANAL. LABIANAL. LABILAB iLAB 1LAB ANAL. LABILEVEL i
" : == i i i d H
tiChtoride as C1, mg/) i 4.8 7.2 4,9 3t %7 tH 1 25011
{iNitrate + Nitrite as N, mg/1} 145! 33 451 i i ] i 101}
11Sulfate as 504, mg/1 i 1.3 2.4 i ! i ] i 2504
1iChemical Oxygen Demand, ma/1!1  103.4) 23,21 71.41 i 2.4} 2.4} 1.6 H
11Total Cyanide as CN, ug/1 | 46+ 401 i : i i i i
(8] i ] ¥ 1 i 1 1 ] :;
1 {DISSOLVED METALS, mo/1 i i i i i : | i i
HArsenic as As, ug/l i NI S : i i : H 051
tiCacnium as Cd, ug/1 i 1 1 i i i i H A3
t1Chromivm as Cr, ug/) i 028 063 Q48 .08} Hi3H Q10 i 050
i1ilron as Fe i (38 A3 i i i i ; 30
iilead as Pb i i i i i i i i 0511
iiMagnesium as Mg i 17.51 9.3 i i i i | HH
i1Manganese as Mn i 013 011 i i i H i 054
iiNickel as Ni, ug/1 i ; 4.8 i i ' i i i
11Zinc as 2n o 181 .05! i i | d ] H
iifalcium as Ca i 39.91 451 ' i H i ' i
11Sodium as Na H ! 7.9 i ] i i i H
i:1Copper as Cu i 021 021 } i i i H H
: | i | ; i ¢ i i H
iTotal Hg, ug/1 . ] .02} 021 i H ' ] ' i
iATkalinity as CaC03 Poo182.41 1781 172.8i i : i ! i
iTotal Organic Carbon, mg/1 ! ! i i i H i i H
iTotal Organic Halogens, ug/1! ! ' ] i d i ! H
1Total Dissolved Solids | 194} 2184 2374 204 224 2481 224} i

1

th

H

i




GROUND WATER MONITORING

H H
11PREPARED FOR: CITY OF BOZEMAN DATE: September 21, 1990 "
1; ::
11LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC. i
i JOHN R. SCHUNKE H
1 HWELL DESIGNATION: SHOP SCOTT T. BELL i
¥ . ¥
1 1DATE SAMPLED 1 UN2INBAT SAITABS § IINIINBS) S\OB\BS | 8\IINB7 & 12\03\87! 5\24\88 ! i
i i ! ' i H ! ¥
11FIELD TESTS  (Sampled by) {CITY BOZE!CITY BOZEICITY BOZE!CITY BOZE! JS & SB | JS & SB | JS & SB ! H
i : ' ! i i i H
11PH ' 7.7 4.8 7.4} 7.1 7.4} 7.8! 7.4 H
11GPECIFIC CONDUCTIVITY i 3201 3501 310 2901 3601 3401 380¢ H
1t TEMPERATURE {(degrees ¢) i ] i H 8 11 8.5 10} i
1 1DISSOLVED OXYGEN {mg/1) ' i i i H 9.2 5.2% .61 H
11STATIC H20 LEVEL (ft.) H H 1 ' i NR! Ri NRi H
IR 1 1 ) T 1 1 {%
1 1LABORATORY 1M3U iMsu iHsU VENERGY  INORTH.  INORTH.  INORTH.  iM&X CONC !
tE 1ANAL. LABIANAL, LABIANAL. LABILABS {ENG, 1ENG, {ENG. iLEVEL  H
i i i ' i g (=i
1iChloride as C1, mg/] { 2.4 4.4} 4 3 2 2 2i 25044
iiNitrate + Nitrite as N, mg/1! H ] A LA 431 3 A 01t
118ulfate as 504, mg/] i i 10: 9 H i 43 i 25011
+iChemical Oxygen Demand, mo/1} i i i 1 : {1 d HH
i1Total Cyanide as N, ug/1 | 37 i i H v 0,005 ' t
H H ! 1 H ; H ' ! H
11DISSOLVED METALS, mg/1 i i i : i ! i : i
1iArsenic as As, ug/] H : ' ! {0.17  <0.005! {0.005: <0.005: A5
iiCadnivm as Cd, ug/1 i ' } i Doty 008 {0.003: .005 i
tiChromivn as Cr, ug/] i ' H Po0.020 (0,020 <D.02: 021 RiLH
iiIron as Fe } i H i {0.03} A1 .25 213 A0
itlead as Pb ! i i v L0080 {0,020 40,027 {0.02! 0511
1iMagnesium as Mg i i H H 17 H H ' i
1iManganese as Mn ! H ; i L0028 021 .05 RikH 0501
iiNickel as Ni, ug/1 ' ! i 0,030 {0,021 {0.022  {0.02! i
iiZinc as 2n i : : i .44} REH .21 A78 H
1iCalcium as Ca i ' i ] 43} i i ' H
11Sodium as Na ! ] ! ! 7 ] i | i
i1Copper as Cu i i ! i L.t ! ' ! i
H i ' : H H ' H i H
11Total Hg, ug/l ! ! ! ! i I ! i i
DATKalinity as CaC03 ! ' i ] ' ' ' | i
i1Total Organic Carbon, mg/1 ! H i (2! {0.5 Ji 3.1 A H
iiTotal Organic Halogens, ug/1! i i H ] H i : i
11Total Dissolved Solids i 180} 1801 1851 1851 ; ! ! H
11 COMMENTS: H
1iSTATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING i
1ISAMPLING METHOD UAS WITH A PORTABLE PUMP b
11% The sample bottles broke during shipment H
i1%% To be reported upon completion =f
i . tH




GROWND WATER MONITORING

COMMENTS:

STATIC WATER LEVEL MEASURED IN FEET BELOW THE TOP OF CASING
SAMPLING METHOD WAS WITH A PORTABLE PUMP

* The sample bottles broke during shipment

*% To be reported upon completion

HPREPARED FOR: CITY OF BOZEMAN DATE: September 21, 1990

1 LOCATION: BOZEMAN LANDFILL PREPARED BY: MORRISON -MAIERLE INC.

i JORN R, SCHUNKE

11WELL DESIGNATION: SHOP SCOTT 7. BELL

1 1DATE SAMPLED 1 INIANBBE TNITNBY | ANDSNBY | 1ONDANBYE 7DD ! H '

1iFIELD TESTS  {(Sampled by) | JS& SB ! JS & SB ' RS & SM ! RS & M I RS & N ! i i

1iPH : 7.1 7i 4.21 7.5 7.8} i i
11SPECIFIC CONDUCTIVITY ; 3401 3701 3984 3804 3851 i H

1 i TEMPERATURE (degrees ¢) i CH 12 12 104 N i '

1 1DISSOLVED DXYGEN (mg/1) i 7.4 8.3 é.4% 7.2 7.4} | i

115TATIC H20 LEVEL {$t.) ' NR! NR: NR} NR: Ri i '

1 ILABORATORY iNORTH.  INORTH.  iNORTH. INORTH. INORTH. i IMAX CONC
i 1ENG, 1ENG. {ENG, 1ENG, NG, i i JLEVEL
1iChloride as C1, mg/1 H {H : H i 2 ! : 250
tiNitrate + Nitrite as N, ng/11 491 «a7 .38 451 .39 ' ; 18
11Sulfate as 504, mg/1 i 7 H i H kY : : 250
i1Chemical Dxygen Demand, mg/1! 4 3 {2 4 H 4 i i

viTotal Cyanide as ON, ug/1 ! 370 <0.0051  {0,005% 40.005)  <0.005! i i
11DISSOLVED METALS, nmg/1 | : 1 i i ' | |
1iArsenic as As, ug/l i {0.0057 <0.005F <0.005% {0.005% ¢D.005i d H .05
iiCadnium as Cd, g/l i {0.0058 L0060 {0.0050  <0.005:  <0.005: ] ! .1
iiChronium as Cr, ug/] P 40,021 0.028 <0.020 (0.021 (0.028 : | 05
{11ron as Fe ' .12 Q71 A48t .181 A6 i i 3
iilead as Pb i A0.020  <0.02i  (0.021  <0.020  {0.01: i ' 03
t:Magnesium as Mg H i i i i i ! H

1 iManganese as Mn i 031 038 038 04 .041 i i .05
1ilickel as Ni, ug/1 L0028 031 0,028 <0.02 .03 ; i

1iZinc as In i 09 174 .48 .78 321 i i
i1Calcium as Ca i i i i i : ; i

1iSodium as Na ] i i 1 i i : 3

i1Copper as Cu ] ! ' ' ] i H i

1iTotal Hg, ug/1 ' ' ' i i | i :
viAlkalinity as CaC03 ! ! ! ! ! .005! i '

11 Total Organic Carbon, mg/1 | {0.5! 0.5 A b i i i

i1Total Organic Halogens, ug/1} 71 i ! {31 i i H

11Total Dissolved Solids : } i 1851 ' i i '

]
1
1
il
1
1
]
]
1
1
]
i
1
1
1
1
¥
¥
[}
i
]
]
F
¥
1
I
1
1
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APPENDIX B
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Chen-Northern, Inc.
YA manber of the group of companies TE@HE\\@H@AL REP@@T

600 SOUTH 25TH STREET
P. O. BOX 30615
BILLINGS, MT 59107

(406) 248-9161

FAX (406) 248-9282

REPORT TO: MORRISON-MAIERLE, INC. DATE: Sep'temggt:gé%, 1990
ATTN: MR. SCOTT BELL kgt S
P oo L8 INVOICE NO.: 103808
BOZEMAN, MT 59715

reporT oF:  Water Analysis - Bozeman Landfill

Sample Identification:

On July 11, 1990, these water samples (laboratory numbers 105539 - 105546) were
received in our laboratory for analysis. Tests were conducted in accordance with
the U.S. Environmental Protection Agency Manual EPA 600/4-79-020, "Methods for
Chemical Analysis of Water and Wastes." The results of the analysis are shawn on
the following pages. A portion of each sample was sent to Lancaster Laboratories,
Inc. of Lancaster, Pennsylvania for analysis using gas chromatography/mass
spectrometry techniques. A quality assurance summary is enclosed.

A < sign indicates less than the reported value was present in the sample.

Reviewed by {a T e Q&éw%

Enclosure

ror




WATER ANALYSIS
BOZEMAN LANDFILL
MORRISON-MAIERLE, INC.

September 13, 1990
Job No. 79-922

Sheet 2 of 6
Lab No.: 105539 105540 105543
Sample Description: M-1 ~ M-2 -~ LF-1 ’
Date Sampled: 7/09/90 7/10/90 7/09/90
Collected by: Not Given Not Given Not Given
ATl in mg/1
Chloride as Cl 6 16 24
Nitrate+Nitrite as N 4.26 3.14 3.20
Sulfate as SO 9 7 13
Chemical Oxygén Demand 12 10 16
Total Cyanide as CN <0.005 <0.005 <0.005
Total Organic Carbon 1.3 1.3 55
Total Organic Halogens 0.008 0.031 0.025
Dissolved Metals, mg/]
Arsenic as As <0.005 <0.005 <0.005
Cadmium as Cd <0.005 <0.005% <0.005
Chromium as Cr 0.02 <0.02 <0.02
Iron as Fe 14.6 0.34 1.99
Lead as Pb <0.01 <0.01 <0.01
Manganese as Mn 0.36 0.20 0.16
Nickel as Ni 0.03 0.02 0.03
Zinc as In 0.05 <0.02 0.07



WATER ANALYSIS
BOZEMAN LANDFILL
MORRISON-MAIERLE, INC.

September 13, 1990
Job No. 79-922

Sheet 3 of 6
Lab No.: 105544 105545 105546
Sample Description: LF-2 - LF-3 7 Shop
Date Sampled: 7/08/90 7/09/90 7/09/90
Collected by: Not Given Not Given Not Given
All in mg/]
Chloride as C1 18 8 2
Nitrate+Nitrite as N 3.42 2.46 0.39
Sulfate as SO 4 4 3
Chemical Oxyggn Demand 12 12 4
Total Cyanide as CN <0.005 <0.005 <0.005
Total Organic Carbon 2:3 2.5 0.7
Total Organic Halogen 0.010 0.014 0.005
Dissolved Metals, mq/1
Arsenic as As <0.005 <0.005 <0.005
Cadmium as Cd <0.005 <0.005 <0.005
Chromium as Cr <0.02 <0.02 <0.0?
Iron as Fe 0.08 0.75 0.06
Lead as Pb <0.01 <0.01 <0.01
Manganese as Mn 0.05 0.07 0.04
Nickel as Ni 0.03 0.05 0.03
Zinc as In 0.03 0.05 0.32



MORRISON-MAIERLE, INC.

WATER ANALYSIS
BOZEMAN LANDFILL

September 13, 1990
Job No. 79-922

Sheet 4 of 6
Lab No.: 105541 105542
Sample Description: M-3 M-4
Date Sampled: 7/09/90 7/10/90
Collected by: Not Given Not Given
Ammonia Nitrogen as N, mg/] <0.20 <0.20
Total Alkalinity as CaCOs, mg/1 365 390
Calcium as Ca, mg/] 97 100
Chloride as C1, mg/1 23 10
Iron as Fe, mg/1 0.08 0.12
Magnesium as Mg, mg/1 34 33
Manganese as Mn, mg/1 0.06 0.06
Nitrate + Nitrite as N, mg/1 2.16 2.24
Potassium as K, mg/1 <1 1
Sodium as Na, mg/1 12 12
Sulfate as S0,, mg/1 9 13
Chemical Oxygen Demand, mg/1 14 4
Total Dissolved Solids, mg/1 452 429
Total Cyanide as CN, mg/] <0.005 <0.005
Total Organic Carbon, mg/1 2.8 2.6
pH, standard units 7.1 7.3
Dissolved Arsenic as As, mg/] <0.005 <0.005
Dissolved Beryllium as Be, mg/1 0.010 0.010
Dissolved Cadmium as Cd, mg/1 <0.005 <0.005
Dissolved Chromium as Cr, mg/1 <0.02 <0.02
Dissolved Lead as Pb, mg/1 <0.01 <0.01
Dissolved Mercury as Hg, mg/1 <0.0002 <0.0002
Dissolved Selenium as Se, mg/1 <0.005 <0.005
Dissolved Silver as Ag, mg/1 <0.001 <0.001
Bromochloromethane, pg/1 <5 €5
1,4 Difluorobenzene, pg/1 <5 £
Ethancl, pg/1 <1000 <1000
4 Bromofluorobenzene, pg/1 <5 <5
Carbon Tetrachloride, pg/1 <5 %5
Vinyl Acetate, pg/1 <50 <50
Bromodichloromethane, pg/1 <5 <5
trans-1,3-Dichloropropene, pg/1 <5 <5
Trichloroethene, pg/1 <5 <5
1,1,2-Trichloroethane, pg/1 <5 <5
Benzene, pg/1 <5 <5
cis-1,3-Dichloropropene, pg/1 <5 <5
Bromoform, pg/1 : <5 <5
trans-1,4-dichloro-2-butene, pg/1 <100 <100

1,2,3-Trichloropropane, pg/1

<5

<5



MORRISON-MAIERLE, INC.

WATER ANALYSIS
BOZEMAN LANDFILL

September 13, 1990

Job No. 79-922

Sheet 5 of 6

Lab No.: 105541 105542
Sample Description: M-3 M-4
Date Sampled: 7/09/90 7/10/90
Collected by: Not Given Not Given
2-Hexanone, pg/1 <50 <50
4-Methyl-2-Pentanone, pg/1 <50 <50
1,1,2,2-Tetrachloroethane, pg/1 <5 %9
Toluene, pg/1 <5 <5
Ethyl methacrylate, pg/1 <5 <5
Chlarobenzene, pg/1 <5 <5
Ethylbenzene, pg/1 <5 45
Styrene, ug/1 <5 <5
Xylenes (total), pg/1 <5 <5
2-Chloroethyl vinyl ether, pg/1 <10 <10
Chloromethane, pg/1 <10 <10
Bromoethane, pg/1 <10 <10
Vinyl Chloride, pg/1 <10 <10
DichTorodifluoromethane, pg/1 <5 <5
Chloroethane, pg/1 <10 <10
Methyl iodide, pg/1 %5 <5
Acrolein, pg/1 <100 <100
Acrylonitrile, pg/1 <100 <100
Methylene Chloride, pg/1 <5 <5
Acetone, pg/1 <100 <100
Trichlorofluoromethane, pg/1 %5 <5
Carbon Disulfide, pg/1 <100 <100
1,1-Dichloroethene, pg/1 <5 <5
1,1-DichToroethane, pg/1 <5 <5
Chloroform, ng/1 %5 <5
1,2-Dichloroethane, png/1 <5 <b
2-Butanone, pg/1 <100 <100
Dibromomethane, pg/1 <5 %5
1,1,1-Trichloroethane, pg/1 <5 %3



WATER ANALYSIS
BOZEMAN LANDFILL
MORRISON-MAIERLE, INC.

September 13, 1990
Job No. 79-922

Sheet 6 of 6
Lab No.: 105542 105541
Sample Description: Duplicate Spike
Date Sampled: 7/10/90 7/09/90
Collected by: Not Given Not Given
Ammonia Nitrogen as N, mg/1 <0.20 100%
Total Alkalinity as CaC03, mg/1 402 100%
Calcium as Ca, mg/1 104 93%
Chloride as C1, mg/1 12 107%
Iron as Fe, mg/1 0.12 97%
Magnesium as Mg, mg/1 34 87%
Manganese as Mn, mg/1 0.06 97%
Nitrate + Nitrite as N, mg/1 2.20 99%
Potassium as K, mg/1 - -
Sodium as Na, mg/] 11 90%
Sulfate as SO,, mg/1 12 99%
Chemical Oxygén Demand, mg/1 4 82%
Total Dissolved SoTids, mg/] 423 .
Total Cyanide as CN, mg/1 <0.005 96%
Total Organic Carbon, mg/1 - =
pH, standard units 7.3 -
Dissolved Arsenic as As, mg/] <0.005 113%
Dissolved Beryllium as Be, mg/] 0.009 97%
Dissolved Cadmium as Cd, mg/] <0.005 105%
Dissolved Chromium as Cr, mg/] <0.02 118%
Dissolved Lead as Pb, mg/1 <0.01 107%
Dissolved Mercury as Hg, mg/] 0.0002 -
Dissolved Selenium as Se, mg/1 <0.005 107%
Dissolved Silver as Ag, mg/] <0.001 88%
Bromochloromethane, ug/1 &5 85%*
1,4 Difluorobenzene, pg/1 <5 85%%*
Ethanol, pg/1 <1000 85%*
4 Bromofluorobenzene, ug/1 <5 85%*

*Surrogate Recovery
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QUALTTY ASSURANCE SUMMARY e

CLIENT: Chen-Northern, Inc. - Billings

P.O.# 63873

PROJECT: #105542 Water Samples

COLLECTED: 07/09/90

LLI Sample #: 1547644-1547645

Questions? Contact Environmental Client Services at (717) 656-2301
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¥ Where quality is a science

4! gﬂ[dncﬂﬂe}r fdb(?/ﬁm/’lﬂ WATER VOLA‘i’I LE SURROGATE RECOVERY

2A

Lab Name: IANCASTER LABS Contract:
Lab Code: Case No: SAS No: SDG No:

LLT S1 52 S3 TOT
SAMPLE NO. | (DCE) #|(TOL) =#|(BFB) #| OTHER ouT COMMENTS

01 1547644 92 104 106
02 1547645 93 105 107
03
04
05
06
07
08
09
10
11
12
13
14
15
i6
17
18
19
20
21
22
23
24
25

QC LIMITS
1,2-Dichloroethane-d4 76 - 114

Toluene-ds 88 - 110
Bromofluorobenzene 86 - 115

s1 (DCE)
S2 (TOL)
S3 (BFB)

W

# Column to .be used to flag recovery values

* Values outside of contract required QC limits

D Surrcgates diluted out



Lalb Humeslancasterlabs

LH
VULATILE ORGANICS ANALYSIS DATA SHEET

Contracts-----

Lat Luodes LAMCHS Lase MHo.: ----- SRS fla.3 -—----

Matrix:

(=wil/uaster) WATER

lLabh Sample ID:

N

SAFFLLE

i,

I
|
I

METHOD BLK

SDG Mo

P

METHOD BLK

Samp le wtlvol: 5.0 {g/ml ) mb Labh File ID: =AB227

Levnl: (low med ) LOW Date Received: &/27/790

A Mui . ture: not dec. Date RAnalyzed: 6/ 272790
Coa = (pack/cap) FACK Dilution Factor: 1.0

COMCEMIRATION UNITS:
GCAS HO. COMFOUND (uas/L or ug/Kg) ug/L ]
! | |

| Z4-B/7-3------==--Chloromethane | 10. | U
| 74-G3-F-mmmmmm Bromomethane | 10. | U
R - O s Vinyl Chleride ] 10. [u
| 79%-43-4--—----=-- Dichlorodifluoromethane. | 5. U
| 75-00-3--==>o-—~ Chloroethane | 10, fu
| 74-48-d4--=-===== Meethyl lodide_ | LT |u
| LOZ=03E~ B s Acrolein | 100, Y]
| 107-13-1-—msmmae Acrylaonitrile | 100. | U
| 75-9F-f--------- Acetonitrile | 100. U
| 75-09-2~--~------lMethylenc_Chloride | . Iu
| 67-84-1----==--~ Acetone | 100, iy
| 79-a9-4-------~-TFrichlorofluocromethanc | 5, |u
| 75-15%-0-~--c-r--- Carbon Disulfide | 100. [ U
I R B R Fropionitrile | 100. [U
| 75-35-g-—mmm o 1,1-Dichloroethens N 5. |U
| 107-0%-1-=-=----A11yl Chloride | 5. |U
| 75-34-3---coommn 1,1-Dichloroethane, — | . Iy
| 540-59-Q-v----- ~trans-1,2-Dichloroethene____ | g | U
| 67-66-3~=mou-u- Chloraform | 7. iy
| 107-02-2-—----=~ 1,2-Dichloroethane__ | 7 U
| 123-¥B~/---—=-~~~ Methacrylonitrile | 100 U
| 78-93-3----——--= 2-Butanone | 100 1y
| 74-98~3-—cuceaoo Dibromomethane | LT U
| 71-88-g--amcmmen 1,1,1-Trichloroethane | LT | U
| 143-91-1--~~=-=- 1,4-Dioxane | 100. U
| B d B Carbon Tetrachlaride 1 B |y
| #B=B3% ] nomreo wmenTogbuoty 1 Alcoho ] | 250, 11U
"1 08 O neme g, Hgebate | 50, |
| 78 -27-2--emmmm o Brumadichloromelhane | 5. | U
| 128-9¥~§e==---=-2-Chloru-1,%5-butadienc_ | g. U
R T 1,2-Dichloropropane 1 5. v
| l00el-02-6------ transz-1,3-Dichloropropene____| 5. Ry
| #7¥0 1 2fommomms v Trichloroethene | & . | U
| L RAFGRE ] i Ditromochloremethane_ | 5, U
| 29ROt e e 1,1,2-Trichloroethane | &, U
| 108-95-4---ne-- -1,2-Dibromoethane | 5. |u
| 71-43-2------——- Bernzene | 5. | U
| 10081-01-5------ cis-1,3-Dichloropraopene, | 5. | U
| 110-/5-8----=--- Z-Chloroetthiul Uinul Fiher 1 10 1

I
I
I



A 2- llexanone 1

50. {u |
108-16-1-----=--4-Methyl-Z-pentanone____ | 0. fu l
127-1G-d~~mmwuww- Tetrachloroethene | . [u” |
F9-34 -%--momm 1,1,2,2-Tetrachloroethane___| 5. | U ]
108-88-%--------Toluene I 5 U i
G7-85-2——=— == Ethyl Methacrylate | 5. | U |
108-%90-7~~------Chlorobenzene | 5. tu l
76-01-7~--------- Fentachloroethane | 10. | U |
10041 ~4---—~==- Ethylhenzene | 9. | U |
e B 1,2-Dibromo-3-chloropropane_| 100, 1u |
100-4Z~-Frrmerm—s Styrene | 5. | U l
1330-20-7------- Xylene(Total) | . 1U l
1634-04-4-~-----Methyl t-Butyl Ether | 5. |U [

! | o]
FORM_I_VDA 1/87 Reu.



2

Lasb Name:lLancasterlahs

Lab Coede: LAMNCAS

1A
UDLATILE ORGANICS ANALYSIS DATA SHEET

Case Mo.1 ----- SAS MNo.1 —-----—

EPA SAMFLE ND.

METHOD BLK

Matrix: (soil/water) WATER Lab Sample ID: METHOD BLK
Sample wt/uol: 5.0 {g/mL) mL Lab File ID: >LB219
Leuvel: (lows/med) LOW Date Receijved: 7/19/%90

4 Moistures: not dec. Date Analyzeds: 7/192/90

Columnt (pack/cap) PACK Dilutiaon Factors 1.0
CONCENTRATION UNITS:

CAS HO. COMPOUND (ug/L or ug/Kg) ug/L 0
| | |
| 74-87-3-----o--~ Chloromethane | 10, iu
| 74-83-9-~~=-ou—- Bromomethane | 10. u
| 75-01-4---~---—~ Uinyl Chloride [ 1o. {u
| 75-43-4--------= Dichlorodifluoramethane | 5. ju
| 75-00-3-----~--- Chloroethane l 10. |u
| 74-88-b-------~— Methyl Iodide | >y
| 107-02-8B-~~===—= Acrolein | 1go. U
| 107-13-1---—=--— Acrylonitrile ! 100,  JU
| 75-05-B------~-2 Acetonitrile I 100, U
| 75-09-2--—------ Methylene_Chlor ide i 5. Ly
| 67-84-1------=oo Acetone | too0. U
| 75-69-4---—--—~— Trichlorofluoromethane | 5. U
| 75-15~0~=wommwg= Carbon Disulfide | 100. ju
| 107-12-0~-~-==~= Fropionitrile | 1t00. |U
| 75-35-4-=----oo 1,1-Dichloroethene I 5. Iu
| 107-05-1==~--—- ~Allyl Chloride 1 5. 14
| 75-34-3--------= 1,1-Dichloroethane | 5. U
| 540-59-0---=---~ trans-1,2-Dichloroethene_____| 5. U
| 87-66-F-~--m—mz Chloroform I 5. 1
| 107-02-2-----—- -1,2-Dichloroethane - 5. ju
| 126-98-7-------= Methacrylonitrile | 100 ju
| 78-93-3-----eo_ 2-Butanane I 100. fu
| 74-95-3 - Dibromomethane_ | >. 1y
| 71-55-6---~—-" ~1,1,1-Trichloroethane | 5. U
| 123-91-1-----~~—1 4-Dioxane : [ 100. Ju
| 56-23-5------—- —Carbon Tetrachloride | o Iu
| 78~83-1-=----—- ~Isobutyl Rlcohol [ 250, |U
| 108-05-4--~--m- -Uinyl Acetate I 50. U
| 75-27-4-—=maeen Bromodichloromethane | 2 I
| 126-99-8~----—-= 2-Chloro-1,3-butadiene__ | 5, |u
| 7B-B7-5----~--= —1,2-Dichloropropane ] 5. |u
| 10081-02-6-—-~--~ trans-1,3-Dichloropropene____| 5. fu
| 72-01-8----—=== =Trichloroethene | 5. |u
| 124-48-1-----~— ~Dibromechlaromethane | 5. [u.
| 79-00-8------=— -1,1,2-Trichloroethane_ | 5. U
| 106-93-4--—~-—=— ~1,2-Dibromoethane | 5. |u
| 71-43-2----~=- -Benzene I 5. U

.



110—5746";;—;:l—tranz—1 4-Dichloro-2-butene_

i
|
|
|
|

|
I
|
!
|
!

?6-18-4~-=--———-= 1,2,3- Tr1chloropropanu
EP1-78-6-----—--~- Z-Hexanone

e B 4-Methyl-Z2-pentanone

1.2.7°= Y= gl st Tetrachloroethene

PP =Bl = momimimiomimirmims 1,1,2,2-Tetrachlarcethane
108-88~P———rmmmm— Toluene

P23 =R i i Ethyl Methacrylate

{0 B =P i Chlorobenzene

P 0 e e S Pentachloraoethane
100-41-4-—=------ Ethylbenzene
Yé-12-8---—==~-—- 1,2-Dibromo-3-chlorapropane_|
100-42-5-—====~-~- Styrene |
1330-20-7-—-=—-—--- Xylene(Total)

T 700,

g W
[ =S|

"
wWowvowwmag\

[y
o

— e m—— ——— — —

"FORM_I_VOA

1/87 Rewv.



Lab Hawe: LAHCESTER 1285
SB46 HETHD B230

ShiLe SPIaE LEVELs

Lab Code: LAHCAS

SPIKE LEVELs 20 UB/L

ANT USED:

5.0

BGTER DULATILE MATRIX SPIKE/MATRIX SPINE DUPLICATE SwFLE RECGUERY

Wyl  THOISTURE 0. DILUTIOH:
US SiLE: 1536723 WEL3A 1S SWPLE: 1534723 WELIRMS  MSD SAWPLE: 1536723  WEDIRASD
CONECUID Hite USCONC  MSCONC  MSDCONC MSREC  HMSDREC AR RANGE [N SPEC
u/l ug/L ull 2 1 1 LOVER-UPPER
CIL DR TioiiE 0. 2. YT 7 400 0730 YES
BRUIOHE THANE 0 i, B, 118 15 360 2.0-87.0 ¥ES
VAL CHLGN [GE 0 B. . 1 M2 Ad0 2.0-151.0 YES
01CH OROOIFLUSROE THAKE 0 W, %, 11 19 600 30.6-200.0 YES
CHL Okt Tkt 0 . nooIn 10 1300 50.0-150.0 YES
NEMKIL Tuyioe 0 17, 7. 8 B LGd 30.0-200.0 YES
ACkiLLEi 0 0. . B B 500 50.0-150.0 YES
HCRSLONTTRILE 0 88. B, 9% 04 <800 50.0-150.0 ES
METGAITRILE b 53, M. B 200 30.0-200.0 ES
HETILERE CHLGRIDE 0 11. 0. 103 0 L0 .00 ¥ES
ACETGNE 5 52. 5, 104 07 <1200 30.0-200.0  YES
TRICLORGFLUDRCHETHAME 0. 1. .l W 40 17.0-1BLO YES
Gk GISULF 1€ 0. . B 5 55 5.0 3002000 YES
PRGPLENLTRILE 0. 93. u. -9 11 -19.00 30.0-200.0 ¥ES
1, 1-CIENLGROETHERE 18. 3. /T B 1L LED0 ES
BLLTL CiLuRILE 0 18. 18 6 2 <400 30.0-700.0 YES
1,1 BICHL kit THRNE i, u, 5. il 108 300 59.0-155.0 YES
TRAKS-1,2 DICHLORBETAENE 1. 3, N1 800 S6.0-156.0  YES
CHLCRGF 65 1 n. eI 6 6.0h 51.0-138.0 YES
1,2-GILAL GRCETHAAE 0 2. n. 1 HL 360 49.0-155.0 YES
D 1HACA L UMTTRILE 0 59, 5L 10 163 <360 30.0-200.0 YES
REiMiL T EUIEL E0ICR 0 . B 3 -0 30.0-200.0 ¥ES
2-UThirsE b 4. 5. % 0 -15.60  30.0-200.0 YES
GIBRANNE ANE 0. . 9,9 WMo 500 30.0-200.0 YES
1,1, 1- (S CHLORUE TNAHE 16, 125, . % B 10 5104620 b
1,4-DIUitE 0. 18. 189, 18 189 -195.00  30.0-200.0 KO
ARG [ TRaCLOR10E 0. 0, 9. 9 9 500 70.0-140.0 YES
15GalT#L ALCIEO! 0 157, 180, 7 140 -57.00  30.0-200.0 YIS
VLiifL RCETATE 0 ¥, 7. % W40 0000 YES
XG0T CAL ORGHETHANE 0 U 0. 108 00 660 35.0-155.0 YES
2-CHLDRU- 1, 3-BUTRDIENE 0 0. 9. 10 B 600 30.0-200.0  YES
1,1 DICHLOROPRPRIE 0 . 1 05 500 2.0-210.0 YES
C1S-1,3-DiCHLURGFKGPERE 0 0. 18. 98 9 .00 2.0-117.0 ¥ES
TRICHL GACETHENE 110 129, 6. 97 0 LW 71041570 KO
D IShuTERLORGIIETHAYE 0. 19. B 9% 8 7.00 S3.0-149.0 Y65
1,1,1- IRICHLOROETIIGKE ! . 2,11 08 500 52.0-150.0 YES
1, T-DIERILETHANE 0 . v, 9 B 300 30.0-2000 ES
BEICE 0 2. (Y 0 500 361510 S
Thitia-1,3 DICHLOROFAQEENE 0 1. % 7 <L 17041830 YES
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WHTER VOLRTILE MATKIX SPIZE/MATRIX SPIKE DUPLLCATE SARPLE RECOVERY

Lab fowe® LRRLASIER LiuS Lab Code: LANCAS
Skead liE1daD 8240 SPIKE LEVEL: 20 UG/L AHT USED: 5.0
Siffte SFIKE LEVEL: 0.ug/t X HOISTURE 9. DILUTICH |

US Shrwl E: 1536723 WELIR NS SwPLE: 1534723 WELIMS NSO SAPLE 1536723 NEIIANSD

COnrubhd itk 1S CORC HS COKC M50 CONC hS REC NSO REC  RPO KRHGE 1N SPEC
ug/L ug/L ug/l 4 1 1 LOWER-UPPER
HETEYL MEVARCRYLATE ] 15. i, 124 122 J.00 30.0-200.0 YES
1,1,1,2-TETRALRLOROETHNE ] 0. 18. 101 71 2.00  30.0-200.0 YES
Ehgitat it 0 18, i7. 91 8s 600 45.0-169.0 YIS
TkatS-1,4-G1CHLORG-2-BUTEHE ] 74, 3. 94 94 .00 30.0-200.0 YES
1,2,3-TRILKLGRUPRUPHIE ] 1. . 112 115 =300 30.0-200.0  YES
2-HEMRONE 0 52. 85. 103 129 -22.00  30.0-100.0  VES
4-HETHIL - 2-FERTARUM ] 53. é3. 17 127 1700 30.0-200.0 YES
TETRACHLuAuE IHERE 5. 1. 1. 108 104 4.00  44.0-148.0 YIS
1,1,2,2-{LTRACBLORVE L HALE 0. 3. 3. 113 148 =300 46.0-157.0 YIS
0L 0eHE 0 13. 1. 114 14 0.00  47.0-150.0 YES
Bl G )aRLKILATE 0 n n. 1 112 0.00  30.0-200.0 YES
CHLDAGLLNZERE 0 13, 1. 17 11 5.00  37.0-180.0 YES
PRELHCH UkUE TTIAHE 0 . . 103 103 0.00  30.0-200.0 ¥ES
ETRILEEHZENE 0 3. U, 1 118 -2.00 0 37.0-142.0 YeS
1, ¢-bIuxGIG-3-Ch ORUIRu Rif€ 0 48. 5. 8l 110 -13.00  36.0-200.0  YES
STikii 0 1. 1. 12 107 5.00  30.0-200.0 YES
Tiltht [19TAL} 0 8. 1. 17 112 4,00 30.0-200.0 YES
SPELIAL SPIKE LEVELS (us/Ly
ACKGLE 1Y 84
RCRYLONTIRILE §1
ACETudlTRILE 100
ACELGHE 50
AL GISULEIVE 50
FROF IUMIARILE 100
HETHALKTLORITRILE 50
1 BUTRIGHE 50
1 3-0luanile 100
ISA8ULIL ALEOHOL 200
VIKVL neefATE 50
TRKHS - 1, 3-0LCHLOKOEROEEHL 11.3
Thitis -1,4-0LCHL0KG 2-BUTenE 74.8
T-HLARSBUE ‘ 50
4116 L-2-PERTRNALE ’ 50
1,2-01GRUND-3-CHLGRAFROPANE - 50



WATER VOLATILE QUALITY CONTROL REFEREHCE SAMPLE RECOVERY

LAB HANE: LENCASTER LAgS LA CODE: LANCAS AnpLYSEs * 1265 (12t
SNB46 METHOD 8240 SPIKE LEVEL: 20 UG/L BATCH o119 - 1L~ 07 —02900=-7
LCS SAMPLE Hs LCS Bres (53013 e Wel3A WS- 1336723 WEIAMS  mib= IS3CT23 WEIA#SH
COMPOUKD HANE QCREF CONC  QUREF REC RANGE N SPEC
/L X LOVER-UPPER -
CHLOROMETHANE 0.7 1 .- 730 Y65
BRONIHETHANE ‘ 71.98 115 2.0- 420 16
VIMYL CHLORIOE .73 114 1.0-510 1S
DICHLORODIFLUDRCAETHAKE %.22 121 30.0- 2000 S
CHLORDETHRHE .04 120 C50.0- 1500 YES
HETHYL 10010 16.41 5 00-200 ¥
ACROLETH 58,46 70 50.0- 1500 YES
ACRYLOKITRILE 86.26 9 50.0- 1500 YES
ACETONITRILE 91.39 9 0.0- 2000 YES
KETHYLEKE CHLORIDE 21.26 108 .0-201.0 6
ACETONE 57,61 {15 30.0- 000 M5
TRICHLORDFLUORONETHAKE 21.20 108 7.0- 1810 ¥ES
CARBON DISULFI0E 7.0 54 30.0- 0.0 YES
PROPIOKITRILE 106,35 106 30.0- 2000 YES
1, 1-01CHLOROETHENE 0.9 101 C20- 140 1S
ALLYL CHLORIDE 18.67 9 30.0- 00.0 g8
1,1-0ICHL OROETHAKE 21,59 108 59.0- 155.0 YES ‘
TRANS-1,2-DICHLORDETHERE 19.30 7 SA0-1560  YES | _ )
CHLOROFOR 21,39 107 SLO- 1380 YES
1,2-01CHLORDETHAKE 1,41 107 8.0- 1550 YES
METHACRYLONITRILE 53.10 106 0.0- 000 ¥ES
METHYL T-BUTYL ETHER 21.89 109 30.0- 000 YES
7-BUTAHONE 55.43 11 0.0- 200.0 VS
DIBROIONETHANE 19,43 5 0.0-200.0  YES
1,1,1-TRICHLORDETHAKE 0.77 104 5.0- 1620 ¥ES
1,4-DIDLRKE 164,36 164 0.0- 00,0 YES
CARBOH TETRACHLORIDE TR 9 70.0- 0.0 YES
ISOBUTYL ALCOROL 307.38 154 30.6- 2000 YES
VINIL ACETATE 48,50 9 30.0- 000 YES
BRONODICHLOROETHANE .20 106 /.0- 155.0  YE§
2-CHLOR0-1, 3-BUTADLERE 18,98 95 0.0- 0.0 ¥ES
1,2-DICHLOROPROPAHE 7.0 110 1.0- 2000 YES
C15-1,3-DICHLOROPROPENE 19.02 95 2.0-17.0 S
TRICHLOROETHENE 1.4 07 TL0- 1570 YES
DIBRGHOCHLORBME THAKE 19.27 % 53.0- W90 YES
1,1,1-TRICHLORDETHANE 12.03 110 52.0- 1500 YES
1,2-DIBRONOETHANE 19.79 9 30.0- 2000 ¥ES .
BENZENE 2190 110 .0 150016

TRAHS-1,3-DICHLORDPROPENE 1141 101 17.0- 183.0 YES



WATER VOLATTLE GUALITY CGNTXOL REFERENCE SAUPLE RECOVERY

LRB MAMk: LANCASTER LARS LAB CODE: LANCAS AnaLvses 1LV [i2b

SUB4S METHCD 8240 SPIKE LEVEL: 20 UGAL GATCH + @0177- G- 07 -92900-2

LES SAiPLe HOs LLS b= |53, 7203 WELUA Ms~ 153723 WEIYAMS Mmsh = 1530723 WEIZAMSD

CORFAUND MATE ' QCREF CONC  QCREF REC RANGE IN SPEC
Ue/L 1 LOVER-UPPER

WEL4(L HETHACRYLATE 26.02 130 30.0- 200.0 1§

1,1,1,2-TETRACKLORGE THAHE 19.97 100 30.0- 200.0 15

BROAUH UAIT 19.01 95 45.0- 169.0 Y£5

TRAHS-1,4-D1CKLORD-2 -BUTENE 76.14 1] 30,0- 209.0 1£5

1,2,3-TRILHLORDPROF AL 1.6 13 10.0- 200.0 ¥ES

2-HENRKDAE §6.33 133 30.0- 260.0 YEs

4-METHIL-1-PEHTANCHE 61.85 124 30.0- 200.0 1£5

TETRACHLGHOETHERE 13.63 118 §4.0- 148.0 Y£§

1,1,2,1-TETRACHL DROE THARE 3.3 i 46.0- 157.0 Y£5

TOLUERE 13.41 17 47.0- 150.0 YES

ETHIL HETHACAYLATE 3.11 114 30.0- 200.0 YES

CHLOROBENZENE .52 13 37.0- 160.0 1£5

PENS HLALO30E THANE 19.11 74 30.0- 260.0 YE§

ETHILBEHZENE B 119 37.0- 162.0 Y5

1, 2-D IR 3-CHLOXUr RAPARE 54.81 110 10.0- 260.0 YE§

STYRENE 12.44 13 - 30.0- 200.0 ¥£S

SYLENE (TOTAL) 3.3 1 30.0- 200.0 Y£S

SPECIAL SPIKE LEVELS (U6/L)

ACROLE LN B

RLAYLGHLTRILE 9

ACETGHILIRILE 100

ALETONE ) 50

CARGU DISULE LUE 50

PROPIGKITRILE 100

HERMLRTLGHITRILE 50

2-BUTRNGHE 50

1, 4-D10%uiE , 100

1S0BUTYL ALCOHOL 200

VINIL ACETATE 50

TRAKS-1,3-01 CHLOROPROPENE 11.3

TRANS-1,4-0ICHLURG-2-BUTENE 76.8

2-HEXRNUHE 50-

4-METHYL-2-PEM) AHONE 50

1,2-01ERUND-3-CHLORIPROFRIE 50



INSTRUMENTAI. ANAT.YSIS DATA
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Lancaster Laboratories

Quality Contrel Summary

. Where quality is a science.

Method Biank-
Instrumental Analysis Data

|Sample Information

Matrix: WATER

I --- = Analysis not requested
TAA = Technicon AutoAnalyzer ND = Not Detected

= Distillation J
C = Total Organic Carbon

= Estimated Value below LOQ
LOQ = Limit of Quantitation

| LLI | client ] | | Analysis| Meth Blank| | Blank | |
| sample No. | Designation || Parameter | Method| Date | Desig. | Batch Number | Result | Units| Loa
=== ==== ] ] ==== = SEE P LRt SSmssmesooocozoocoozzszas

| 1547644 i -3 ]] Anion Scan | [ I l | | I
| 1547645 | M-4 || Fluoride | 1C | ] | | - | masL |
| ] || Chloride | ic | ] | | - | masL |
| | || Nitrite-N | IC ] | | | - | mgsL |
| | || Bromide IR | | || wes | mg/L |
| | [] Hitrate-N | IC | | | | bt | mg/sL |
I | || Phosphate | I1C | | | | - | mg/L |
| | || sulfate lic | | | I - | masL |
| | [ | | | | | | |
| | [| Amonia-¥ | TAn | | | | == et
| | || chloride | 1C | | i | - | masL |
1 | || chlorine | 1c | | | | ] %
| | || Cyanide | TAA ] ] | | =i | masL |
| | || cyanide | ! | 1 I [
| ] || Reactivity | TAA | | | ] .- | mg/Kg|
| | || Nitrite - N | IC | | | ] --- | mg/L |
| | || witrate - N J IC | | | ] | ma/sL |
] | || Phenol | Tan | | i | - | mgsL |
| | || Phosphorus | TAA | ] | | i | masL |
| | || sulfate |.1c ] | | | i | ma/L |
| | || T0OC [ Toc | 07/25/90] BLANK  [9020627352612909] ND | mg/L | 0.5
| I [ Tox | Tox | | I [ | ws/L |
[ | [l Kjeldahl | | | I | [ |
| ] [| Nitrogen | TAA | | | ] - | mgst |
| | I | | | | l | |
I I Il | | I | | | |
I | I | | | | | | ]
| | [ | | | I | | |
| | i | | | | | | I
| | [ | | | | | | |
| | I - | I | | | |
I | [ | I I | I | |
| | I | | | I | I |
| I I | | | | | | I
| | [ I | I | | I |
| | [ | | I | | [ |

] : ABBREVIATION KEY

Comments | IC = Ion Chromatography

I

|

|

|

— = O
(el =]

X = Total Organic Halogens NA = Not Applicable
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Lancaster Laboratories

Quality Control Summary

Where quality is a science.

Matrix Spike Analysis
Instrumental Analysis Data

| L

| sample No. |Designation

|| Hatrix Spike Analysis

| |pmmse

| Client

[l l

Parameter |[Meth

[
L
| 1547644 [M-3 || Anfon Scan |
| 1547645 |M-4 Il Fluoride  [IC
| | || chleride j1c
| | || Nitrite-N |IC
| | || Bromide |1c
| | || Nitrate-N [IC
| | || Phesphate |IC
| ] || sulfate |1c
| | [y I
| ] || Ammonia-N | TAA
| | i] chloride |1c
| | |] chlorine lic
| | || Cyanide | TAA
| ] || Cyanide |
] | || Reactivity |TAA
| | [| Nitrite - N [IC
| | || Nitrate - N |IC
| | |] Phenol | TAA
| ] || Phosphorus  |TAA
| | || sulfate [ic
| | || Toc |Toc
| i il TOX | Tox
[ | |} xjeldanl |
| ] || Nitregen |TAA
| I [y |
| | 1l |
l | I |
| | H |
I | y |
I | [ |
| | } I
| | ll |
| | [ |
| l { |
| | I I
| I 1 |
Comments:

|

IIC

| TAA

ID

|Analysis| Unspiked |Unspiked| ]

| Date | Desig.

| Result | Lca |

Desig.

Hatrix: WATER

Spiked | Spike | Spiked | |

| Added | Result |Units] XREC

fmg/L |
|mg/t |
=== mg/L |
[ma/L |
[ma/L |
- [mg/L |
--- |mgsL |
l i
[ma/L |
[mg/L |
I % |
=== mg/L |
| |
|mg/Xg|
[mg/L |
[ma/L |
=== [ma/L |
[mg/sL |
[ma/sL |
|mgsL |
--- e/t |
| |
I

|

|

|

l

I

|

|

|

|

|

|

|

[mg/L

SPIKE 4.0

% Recovery Control Limit
% Recovery Centrol Limit

]70C = Total Organic Carben
|ToX = Total Organic Halogens

= len Chromatography

= Technicon AutoAnalyzer

= Distillatieon

ABBREVIATION KEY

Analysis Not Reguested

I

= l

ND = Not Detected |
J = Estimated Value below LOQ |
LOQ = Limit of Quantitation |
NA = Not Applicable |
* = l

Out Of Specification



+ @ldLancaster Laboratories A —
(514

Where quality is a science.

Duplicate.Ana[ysis
Instrumental Analysis Data

= ==== -‘:l l:::-— ———————————

|Sample Information || Duplicate Amalysis Matrix: WATER
===== ":::::lI::::::::::ﬁ::::::::: o e T T S e =SS scsSEs=S=ocoSosSTsssssET
| LLl | client I ] |Analysis| 1st Dup |1st Dup | | 2nd Dup [2nd Dup | | RPD  |Contro
| sample No. |Designation || Parameter |Meth| Date | Desig. | Result | LOQ@ | Desig. | Result [Units| (%) [Limit
=== ]l = = ====== ==== —ES=S==E==S==s =
| 1547644 |M-3 [[ Anion Scan | i | | | ] | | | |
| 1547645 |H-4 [} Flucride Jtc ] | 1 --- ] | | --- |mgsL | | 20
| ] |1 Chloride [1ic | | ] =] | | === [masL | ] 20
| | || Nitrite-N |I1C | | | | l | === [mgsL | | 20
I I |[ Bromide fre | I | | ] [ LT | 20
| | [| Nitrate-N |IC | | | -] | | |mg/L | | 20
| | |] Phosphate |IC | | | - | | --- Ima/L | | 20
| l || sutfate [rc | | I | | [ - [ma/L | | 20
| | I P | | [ | | | I I
| | || Ammenia-N [TAA | | | = | ] | --- Ims/L | [ 20
| | |} chloride lic | | i = | | --- Jmgst | [ 20
I | |1 chlorine [1c | | I - I I % | | 20
| | || Cyanide |TAA | | | | | | === |ma/L | ] 20
| | || Cyanide I I | | | [ | | I
| | || Reactivity |TAA | | | --- | | |  --- [Img/Kg| | 20
| | ] Nitrite - N |IC | | i - ] | --- jma/L | | 20
| | ]| Nitrate - K [IC | | ] - | [ [masL | | 20
I | || Phenol [TAA | I | | I i === [marL | ] 2o
| | || Phosphorus  |TAA | | | - | | | --- |mg/L | ] 20
l | || sulfate [ic | | [ ¢ | |- Ims/L | | 20
| | |] Toc |TOC |G7/25/50]  BKG ] 1.6 | 0.5 ] oup | 1.6 |mg/L | 0 | 2o
| | J] Tox |Tox | | | - | | - Juast | | 20
| | || xjeldahl o I I | I I | | |
| ] || Mitrogen |TAA | | | | | | --- |ma/L | | 20
| | [ I | | | | | | I I
| | H [ | | I I | | I |
| | I I I I I | | | | |
| I I [ | | | | | | | |
| | I L | | | | | | | |
I | B [ | | | I I | I I
| I [ I | I I I | | | |
| | I | | | [ | | | | |
| | L [ | | | | | I | |
| l L I I | | ! | I I I
I | [ I I | I | | [ | I
| I 1 ol I I I I | ! I I
Comments | ABBREVIATION KEY
|IC = Ion Chromatography ---= Analysis Not Requested
|TAA = Technicen AutoAnalyzer ND = Not Detected
[D = Distillation J = Estimated Value below LC
|T0C = Total Organic Carban Loa= Limit of Cuantitation
|TOX = Total Organic Halogens NA = Not Applicable

|NR = Not Required * = Qut Of Specification



APPENDIX C

AREA DOMESTIC WELL LOG REPORTS
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. FileNo 4/ 1113
WELL LOG REPORT
State ‘Gu equnres (Al thig form be fied D the W BT A0V QLI TR BL 205 aller Sormostan Dl L
1. WELL OWNER 6. WATER LEVEL :
Name Willie aad_Dorochy Figgim Static water lavel | B teetbelow !and surface
: ; It iowing, closed-in pressure e _BS
2. CURRENT MAILING ADDRESS gpm flow through _nch pipe
3404 Bohart Lane . . .. Controfled by: valva, " _reducers. _ other
Bozeman, Montana .. ... __ .. .. (it other. specify) et s
3. WELL LOCATION 7. WELLTEST DATA X pump X bailer other
(if other. specify) e
T T Pumping leve! below land surface:
] | 3> foafter 2 thrs. pumping[ 1> |gpm
e + S ___ _hoatter __ nhrs pumping “gam
| —
- “ 8. WAS WELL PLUGGED OR ABANDONED? _ Yes x No
! I yes, how? R
9. DATESTARTED __ March 6,197L
DATECOMPLETED _ March %,.971
10. WELL LOG
R a8 & Depth (It.)
From To Fermation .
0 38 | dirty coarse sand & gravel
38 45 clay
45 58 | sandstone
5. mmmmmnmnmu e
w Strosad | From Vo o} Porforalioss - . . ‘and/or
Beis - und-g B
Frem . Te
6", 6“ M lw
- 1g# e
9'. 3" plnstic trom 58-49' -
' .-.*Bu_ﬁ'bﬂtﬂ'lltﬁd? . x Yes No
Was a packer or seal used? Yes x Mo (use separate sheet . necessary)
W 30, what material
Was the well gravel packed? Yos x No| 11. DRILLER'S CERTIFICATI N
Was the weil grouted? Yeos x No This well was driltled u+ _, my jurisdiction and this repori is
" Towhat dopth? _ e lo the bast of m, «nowledga, .
Material m?‘" grouting b R ? October 30,198
Vol head completion: Pitles s Date
12, Itmcgrad: 3 adapter prre Potts Drilling and Developing
(it other, spacity)

Pump horsepower |, pumptype_

feet below land surface

Pump intake level
Power (electric, diesel, elc.)

Firm Name ]
80730 Gallatin Rd. Bozeman, Monta

Addrass , 297LO
# : ﬁ 771 D ls 1,0
Signature License No




STATE OF

-y
IRt v‘\

MON

; Departmeat of Xaturzl Resources zad Copservaticnh ihx:__ N
: o FINK — 2 FE:
. : b LA o . < iy 3 CAKARY — 4.+
PN R ¥ HELL‘ LDG &PQRT T 2 g GO BENT B e o
g Haul rT CF ﬂﬂ.—.u.-‘:\q ; ) ' e gk . L. .
2 ¢ el ?mﬁﬁicé:ﬁﬁg.%‘ﬁ‘ii:é‘ that thiz form be Filed by the vater’well driller om ary wotor to-. 207
%, - pleted Euv him on and cfter July 1,-1373 ity siziy (60) dous afier cormletion oF TRt U ‘
%i 1. erL Oﬂ:‘hR‘\’&mn' Dale H. Kuss Address 2K Bozemen, Montsna P o
o S R
3%%,-“ "‘C'LL LOC””D*‘Ccmty Geilat ;_pekre ¥ oawe Sec.6 |, Twp. 2 ¥EE, np._ T o
573 PROPOSED USET y pomestic ___ Suock Mamicipal ___ Industrial _  lawn aad Garz.s |
i e 1 i B Ir*a’.ga Other (I other, specif:) e
HE HUJ DRiLLED’ _x Cable Bored 8, Wil LUG: - .
“Forward Roga—y Reverse Rotary - Depth (fr.)
JetLed Ocher (uf o.ne y spe,.Jy) From fo - forratica g
?n'ﬁ- e - 1 |. &5 clay
45§ it2- brown shale .
;ﬂbLL COhSTEU’FIO‘ e g i, e, - 112 115 tlue =shz e R
Diéﬁ.—e’tet of hole '6 inches. Depth 19CGrc. <115 124 brown " .
‘Casing: _ xSteel . Plastic Concret:z 124 132 i blue i .
2~Threaded - Helded Dther'(if other,| 132 - 145 - broxx M .
,BDevvfg} e — e e 1% -\g_g B blue 14 )
" Pipe. Weignt D*e,:*. .. Froz: . S TeTs- L red = ™ i}
~1? ib/fe. inches IV feet T¢ feet tiue © =
- 3D Et inches feer’ .- .
5 lbfft.n‘"w tnches fe K 3 =
Was. perLo*ated tipe used? ' = -
Length of : ‘plpe pe*ﬁc“g o 4 g .
Was’ ..as..ug left” open en.a? o i & _
Was, a vell‘s een _nstalled? 4 e .
Mateérisl A 5 1 i i
(sta.naeso‘suoai aronzﬂ : R | 3
Perfcra;ion tvpe | :
Si:e set’ fr:r- -fee
 size - set fromw - - .. fee
Sire - set fr S fee! } o
Was & packer or sezl used? - :
-if so, what materio w5
Well type: _ Stra ight screen ' Gvavglnd orZTE Erecl LI Mecassary)
_Was the well g grouted? .- .. T Yes . _x Fo Jeze 2&,1678
. To what depth?_ Dol =5 Lget BRI
Material used ia grou.lng o : iy, Dult GUMPLETEVS o . . wesi
"“Well head completion: Pitless adap-er s B8 il
12" above grade - ther' -1 T Rl. WAS WSLL PLUGGED OX ABARDUNWEL? _ Yes x'ho
(If other, spesify) = ™ i ‘ if 55, how
< Wes :'ne we’l d‘s infrcted? Yes - x Ko ?
= i Lol e UEI;L CERTLIFICATIONR: "
%AT:R LtV*‘:xw' # ] Lo This we‘1~vas drilled wndeT my jurisdiccion
Afastic water Thwel « sft.belov lznd suf fece ‘and this reéport is true to the best of my
fﬂf};o.‘ing. clesed-in p"essure si knowl c:c.ge. o . \
Tes through - imeh pipe 5y A
. mtrollec hy: Valﬁe‘: . Reduge%s Fotts n:il*‘ng ani Develk*ing 150 .
_Nther, epecify - - Imliler'e or Firm kame Licernse Mo
5 Senher cte F4. Box 95 Dbozemsn, Hont.na
cihe T AZarass .
tng
Vir L zom
it [l Sornan By




#
T

I . 55045

State raw requires (hat tus form be filed by the water well driller within 60 days after completion of the w#

1. WELL OWNER

Name __ Fruasn _(SA

2. CURRENT M (LI;NG ADDRESS

Boy 30537 _ .

3. WATER LEVEL
Static water feveli______ 2 !feet below ‘and Jurraf"

IF flowing. clcsed-n p'essure
p——
gpm

“Controtied by hy B valve. fEauS
o Builikrs. T =l ather (specy)
3. WELL LOCATION 9. WELLTESTDATA K oump sarer
County I other. {specily)
Township 2 H)@ Range W Pumping waler level below land surtace.
AW N Alw Ve ARYs  Section ) =z MWalter _2Z hrs pummng T o7
Lot Block ft. ater _ hrs. pumping s
Subdivision
10. WAS WELL PLUGGED OR ABANDONED? Yes Ao
4. PROPOSEDUSE Domaslic Steck ~ lrrigation & o — i
Other __ specify 11. DATECOMPLETED Q-2 -RS .
5. DRILLING METHOD cable, bored, 12, WELL LOG
_ K lorward rotary, reverse rolary, jetted, Depth {ft.)
_____other (specity) From To __ Formaton
o 2. 7.&49_1(! il
6. WELL CONSTRUCTION AND COMPLETION 2 =< e
Sae el fpSize and 1 - ;
g ioum | bom | o Portorstions and/u <| co fﬂ‘—' / ﬁzt
Nk of Casing .
Kind F T
¢ leylo|e W T e i
A .
RECEIVED
AL R
MINTANY DNRC —
BUZEMAN FIELD OFFICE .
Was casing left open end? ¥ Yes No e
Was 3 packer or seal used? Yes k_No e —
It s5. what matarial {use separate shesl il necassaty)
o Packed? s NS 13. DRILLER'S CERTIFICATION
'; : ;'; g::,;’ta : Yes No This well was driled under my junsdiction and this report '3
aulat dapih : true 1o the best of my knowledge
Material used in grouting 44{4; /-9 - 83
Well head completion: Pitless adapter U A = o
Yes _No ?)
Top of casing 12 in. or gmhr above grade = m,ﬂéfg:;ﬂ/:’z‘(‘ L- /.,//,
Yes No

2840 TrHAaAS. Lo - LX’:"}::&"V .

7. WHAT IS THE TEMPERATURE OF THE WATER?
__ ¢ _ Degrees Fahrenneit

. Measured AEstimated

ldﬂms

53

" TLocense N:

32 SOUTH EWING

MONTANA DEPARTRIENT OF NATURAL RESOURCES & CONSERVATIO D NRG
1 HELENA MONTANA 58620 449-3962

Bratt Puse tame Co M (ms Mot

DRIt C s

DEPARTMENT COPY

VI I RtTL T ol o DY B AP B A

npepy 32 and

by

ll.

o
S



.',fﬁ’] (A7

SRR File No
WELL LOG REPORT

Stare iy 23uires that this torm be lieg by the waler weil driler within 60 days after comgletion of the well

T WELL OWNER 8  WATER LEVEL
Name Paul Cartor ) Stalic water lavel 10 Jieel below land surtace
1 flowing. closed-in pressure pst
2 CURRENT MAILING ANDRESS — L .
1611 E, Griffin Dr,. . Controiled by: _  valve.  reducers
Bozeman, Hont. 99715 ] ____ other, (specity) )
3. WELL LOCATION 9. WELLTESTDATA _ pump x  barler
County Qallatinn ___other (specity)
Township 18 N/§ Range 6B E/W Pumping level below land surfare.

SE Yo SE VW SE A4 Secton 31 .67 ftatter 3 hrs pumpng [ 14  Jgpm
Lot ~ Block ailion o ft. after g”ﬁ_hrs pumping ___gpm
Subdivision e 7"— i Eate _Aﬂ

10.  WAS WELL PLUGGED OR ABANDONED?  Yas x No
4 PROPOSED USE Domeshc Stock T Irngation 1985 HOWE = o s cim e e
Other  specity e 1. DATECOMPLETED  3/14,/83 =
5 DRILLINGMETHOD X cable, bored. 12. WELL LO6
forward rotary, _ reverse ratary.  jetted. Depth (f1.)
“other (speaity} ey Fom  To _ . Formation
Q.1 6_ [topseta T
5  WELL CONSTAUCTION AND COMPLETION - T -l gravel - clayhound __ . o
Sie w.l Size and | From | ."u Pertorations B and/or _L‘l_#“_}_ﬁ_ ! mand & grawel = ___ .
v | Wy | e | sowm = NS 176 [ sand & srawel tight Zomation |
e ] P 1511 53 | sand & gravel soma watar
én 6m 0 | 75'2p 53] 63 | sandpclayewet . :
194 63 .| 7L | clayhound grawel = dry._. .

74 _ | .77 _| sand & gravel = water

- - - -
. l A - S
Was casing left opan end? X Yes i No 0.5 e e e . S
Was a packer or seal used? _X Yas _____HNeo ey S P
Il'so. what material ~ dr41] cuttings . (usa smm shaet  necessary)
Ny e wal grawl picked? .. Yes I MNe 13.  ORILLER'S CERTIFICATION
w"T‘ e “l" qr:,"” s X No This well was drilled under my jurisdiction and 1his report is
CRnALUBpIN: s - e e e true to the bas! ol my knowledge.
Malerial used in grouting i 3/21/83
Well head campietion Pitlass adapler DR e
X Yo — VanDyicen Dri
Tap of casing 12 in. or greater above grade Fmﬂ;?%:____}lig__ R
X . Yes Mo L17 N. 6th Boseman, Mont. 59715 _ _
Addres
7 WHAT IS THE TEMPERATURE OF THE WATER? . 306
50  Degrees Fahrenhei : S e i
Measured X Estimated v

MONTANA DEPARTRIENT OF NATURAL RESOURCES & CONSCRV‘TIGN NRc
J2 SOUTH EWING HELENA ,MONTANA 58620 449-3982
DEPARTMENT COPY

L geer L Cogy U0 the woll owner 1o complete reversy side.
L Tortedede sn e ey d s Fanm A07 a0 gt MRS




HECEIVED

E ) [ T NN By

P RETEED)

et oA my

LY r]

“'WELL LOG REPORT

e )

- - 57123

File No -

ite aw regures e e T el tifed. 5“,?",:.’19 water well driller within 60 davs 3iter completion ! the well
intel ALE ST NP UOT PR 5

Weil head complation: Prifess adapler

) X_Yes No
Top of casing 12 n. or grealer abave grade

I Yes L1

7. WHAT IS THE TEMPERATURE OF THE WATER?
=< __ Degress Fahranhast

" . Measured Atstimated

1 NELL OWNER _ 3. WATER LEVEL :
Name ____H,J Seqr _ { rnps] P Static water lave | s 'eat Delow fana surtace
it lowing: closed-in pressure _osi
2. CURRENT MAILING ADDRESS ! gpm
ow. S Chayeeh, Cantralied by: valve, _ reducers,
Cozcmmns, M1 <1245 ather. (specity) B
1 WELL LOCATION 9. WELLTESTOATA __ A pumg batler
Caunty _ Conllnd, » other. (spacity) _
Township [ NI®  Range . Ghw Pumping water level below land surfaca:
S NQAE n <z h Section Bl SC_Moatter 7 hrs. pumping — =~ igpm
Lt _>rme-~— . 3lock R. ater hr3. pumping gpm
Subdivision e e et
10. WAS WELL PLUGGED OR ABANDONED? _ ves A No
{. PAOPOSEDUSE Oomestic X  Stock . ‘mgatien . I y81. haw?
Jther * spacity 11.  DATE COMPLETED 7-e -5
5 ORILLING METHOD cable. bared. 2. WELL L0G
__X_ lsrward rofary, reverse rotary. _  jetted. Depth (f1.) ;
) ather (specrly) B From Te Formation
[s] 23 C,"‘f.ll [l /
5 WELL CONSTRUCTION AND COMPLETION ZE| 9 Cortywr] 1L Ol i
Surd | sitwand | Frem | Te Perterznsey snd/or [
srted | wergmt toatl | (loot) | gopeq
i e Kind From Te
et | &%, :_“' © |9 | s ttest) test)
17y i
< 449244 Jire
- i ; -] g fig
<100,
=0
Booe NG o
Ay o VRE N
7 ch 0)‘::_}35
‘Nas casing left opan end? K_ Yes Ne
Was a2 packer or seal used? Yes " Ne
1t 30, what matenal (o8 sa0erate somat # macessary}
e gaelckad? _ Ya X W T omins connizaTion
e N Yoo KM This well was drifed under my jurisdictisa and tis report is
TWRICpI to the hest of my knewiedge.
Material used in grouting ill peeed true o ®

7-23-89

RIONTANA OEPARTMIENT OF NATURAL RESOURCES & coxsrnvarmaD ”Rc
32 SOUTH EWING HELENA MONTANA 58620 449- 13962

DEPARTMENT COPY .
DRILLER: P'acsa give this copy to the well owner to complete raverss sida.

N R

CYYNER: Complete reverse side of Form 402 and sand to DNRC.



RECEIVED o e -_ e TR st
JUN 05 193 'WELL LOG REPORT

Sme law requires that this Io.rm be hled by the water well drinor within 60 days amr completion of the well.

Form Mo. 03 (R 600

3 MONT. DEPT. oi N3TUR i
amm ——
1 WELL OWNER . ¥ l. - WATER LEVEL
: 7L teme SR L UL f) 1~{ 40 f‘ g ShMIlmm:?::]kﬂmhuhndsuﬂacl
= It flowing; closed-in pressura psi
2. CUNRENT MAILING ADORESS . . gpm
ger aoaueds L  Controlted by: valve, . reducers,
AT S T DL Y i /) st o ethar, (specity) ot e

I‘ELL?EST DATA : pymp bailer

2 X ether, (specly) _QULA

Pumplng water fovel below land surface:

< R after f' -/ s, pumping[ S5 lgpm
»mx‘:»ﬁ. afer T hrs. pumping gpm -

10. . WAS WELL PLUGGED OR ABANDONED? __Yes A No

+ (use seperstn shest i necoasdvy)

-DRILLER'S CERTIFICATION
Thit well was drited under my jurisdiction and this report is

lnulo tha best of my knowledge. _
_L%L/Liz\____
’ é \\mr\ DQ.ILL:: r\_ﬁ

DY ‘3 SRttt ‘lisg

Licease Ne.

. ATONTANA DEPARVRIENT OF NATURAL RESOURCES & CONSERVATION D ”m
: “‘-“10

32 SOUTH EWING HELENA,HON?AHA 89820
=

’ ' _ , GEPASTIVERT £85




CeRRECTED
WELL LOG REPORT

LB ’ : T Sopaerigey B .v:ﬂer PR P

2r aothn B0 Javs ifrer

5]
4

1 WELL OWMER
Nime Mag .2

ARLEREEN

2NT D NP R

Tteetgeiga oo

7. WHAT IS THE TEMPERATURE OF THE WATER?
yq Degrees Fahrenhait

 Measured Estimatad

Address

%Q

259

UCI"SG x

\,/s-——._.-—

fUowe g tigses " ‘-g:
2. CURRENT MAILING ADOHESS : T e i
_BYZo EQDGER CaNyeN SR Cielried 3y I
oLEMAN_ . MT 594715 sthar ape 'y ,
3 WELL-LOCA!IUH 3 WELLTESTDATA  « Jumg g
County ﬁi—-LA_II y ol L _other ispecty,
TOWﬂSmP @N Hange 6 @W Pumping water leva: beiow -and su-tre
e BV KX Ve .. Y Seclion 3] Ut WS SN i i
"ot : ] ‘""# ‘Elock I M_A R after s tumdie; :
- dwlslmt i = ‘L - " =
see SV or&d‘%pﬁ'luet%‘dgesc:rﬂlgu' icnl s 10, WAS WELL PLUGGED OR ABANDCNED’ “ey }
4. PROPOSEDUSE Domes. < Stock . lrrigation - L ;
Other . specity s 11.- DATECOMPLETED 4 — S - >, i
S.  DRILLING METHOD ° cable, __ bored, 12, WELL LOG i
torward rotary,  reverse rotary. _ jetted. Depth (f. )
other ‘spemf’) From To Fﬂfma-h_.')_{‘l“ sl
[ | 4 Fiil CARAVEL.
6. WELL CONSTRUCTION AND COMPLETION 4~ i{ Gerauel 9 Pock
Sizeet | Sizeand | From | To Perferstions __aed/or 11 17 N
| Sl PH ™} o 17 1 23 | Geavel ¥
el Fam n 22 ] 3] .C‘.LM/
.5'7 lt} b O | 3L x) Zé__iﬂ’_ﬁj—-L_&ﬂ_&ll[_L_
Was casing left open end? XA Yo No N T
Was a packer or seal used? Yes X No e
it so, what material (s30 separate shoet it necsssary)
Was the well gravel packed? ____ Yas . X No |43 ppigR'S CERTIFICATION
Was bl gtouted? X Ya ne ' This well was dritled uncer my jurisdiction and this report s
To what depth? 20 ft. v knowled
;3 : = true lo the hest of my knowledge.
~ Waterial used In grouting_ ¢ oA CEE TE 4 -5 - 8(
Well head completion: Pitless adapter rmT‘
Lt Mo 16l 17 &
Top of casing 12 in. or greater above grade i WMC :?1 _494 =
R e 2.013 Bozg Haly M 2T

UT

32 SOUTH EWING

HELENA MONTANA 59620

PIONTANA DEPARTRIENT OF NATURAL RESOURCES & CONSERYATIO

i DNRG

S0 Pk, et T3 Auiies Wt C e

CWNER Do

oAy e

CEPARTMENT COPY

DR E% . Posase give this copy to tha well owner to complats ravariw

r30 sidda of Ferm 902 and sond o DN R
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o e e e = e s <

q S'E‘t.- )1

Jagcrdial oo F
AL

_;:-m:n

B s Ll o B

inches

uﬂﬁrap, ete,)
“slots

Iec; to -

'iiulﬁs
feet

«feet to feat

feet to__ :  feet
L n Yes ‘No

Graveled

r——

a.E:.’.OI:- -P: :',‘u

53 Ju\-tﬁ\.l I'

i Y %o [ 9. DAl Juiie 26 '_.-‘-?5
feet :
C-“‘L Fa——. 0. Cnlt

Jr“e_zs._wzs '

3 ,Ot.wr

.Q'I':As IC-LL P
1f so0, now____;

CU:-:FLETEF ) TR
ke

~

0 UR nbandUiibL?

1ncl pipe

Weculers

uilleR’s L"f'nl.;;-.("..ui: g 5 el 53 5
This well was drillod under =y Jurisdiction s
avd this rerort s zrud to the best.of Ly ch
xnawledgc- - wiEw :
Fultort “«11'sr~-- . AT -

o0 fimt o PEEESE
“cute crne Torzeman, Lentnna :

e

ace e
. Q : S o
ina 22 zem : June 30 1,7? LR
F - P R ffl.r_gk-—-.f" S ozt e B he _
A ) L . i et = :‘. b B




vy i 01RE S ’ Poahy YE€736
R WELL LOG REPORT

Stite law requires that this form be liied by the water well driller within 60 days after completion of the well.

.

—— =

1. WELL OWNER 8. WATER LEVEL
Name 7/ = J Y Staticwater level [ Zo _|teet below land surface
It Howing: closed-ia prassure psi
2. CURRENT muuuu Annasss % | |
= 2 R B Contreied by: _valve, _ rnm.

ey _?M—n, =V ,I 7775 _____oiher, (specity)

WELL LOCATION 9. WELL TEST DATA _____mw_ __baler
;- County _* ‘ __.othar, (specity)
pumping fevel below tand sm
o St_‘"ll_,sg Ye Saclilﬂ ? ) ._IQ_." ‘M “brs. ””i"[ E:J"
._:ﬁ‘.e.{- /t _ Black____ " ok "/ _brs. pumping _

- Sum A

A

e, = v

v

Y T S e e

1. mmtnnsummuoﬂuzmmr .
, _;5:0 mrmsm B o S

HOA'TMA atmrn:xr G" HAT”R‘L II.'SWRGI'I l mmmm

32 S30UTH EWING . i HELENA, UONTANA mao
= T
[P R DEPARTMENT COFY

DRILLER  Pteasp qve th:s copy 10 the well owner to complete reverse nda
OWNER  Camgieie reverse side Form 602 and »eud to DNRC.



s Ve ] /%7/2(;.{,& /&C
6"?/’"2% , e A V=
LR Wi TITTIAYA  zwme L Sawer
r'; "'; . _ e e
s - % s oei 173 TutTICE
} s T : : A e i 7
1 : g SITERY L L
e — S e e [ {
|
i
b 1 .
!.tf e & o K ﬂ-z_x Section \ S 2
1. 1S R __ €A
. Nars EoarW
OR, Lot Biock

Sutdvinien
City
Elevation

County RlagbaZy -
s Accurecy <10 __ 80 __ vy

S DRILLING METHOOD
_____ lorward souary,
ather ispearfyl

cabie, bored,
reverse rotary jetted,

6. WELL CONSTRUCTION AND COMPLETION

. ISuze of T'i‘u FLY] Fram Ta Pertoegtionms __  andur
Lde- o | wawght itamt towtt - -
Do o at casry !:"_'"n e -
7 : . X.nd Froym T
i ’ 5 .
Y e ’ Sere oot teqtt
-.4 b ;f,!.{iq, o e 3

Was casing left open zad”
Va2 pacier of sed used”
If.a what matznat

<
2 H
Was he aedl gravet cacased” Yo, Lo No ! 4
— - ——— r o e -+ = -
s e aedl srouted” Y -7 . S i 1
Toelal Bea®? e by s s I e ]
‘atenad swp2 A proanr o e T e sowgw saRs e :
i el BRI L ERSISIES - f12. SEIL_TASLERTIFICATION
T Kove T2t st -
l R S e Thw ae st draled snder Ty Lradicnan and R g
S :
osner e N - B e 3 “rus ‘o cae dest Al My igwiedye. 5 - 1
Bomg Aarsudwe. o SeTL T R i cal O
;
} Pemnopams oeve Tt e ‘ ) e
‘ Dowrt M3CUC TS T . . . te desilre Lo a0l 7T
r ———— © e W m— ' ’

-

ind
>

o

AR




R37Y

v

“
1
-

Lt e WLt me, e a':B“EQ-E l V E U Anorp Dezaiime-e

o Yeigw Departmen
R i . = et e
Gfaw w5 REPCART i a— Pas-de: Cane:
Goid-Jr et

wou’ Wil = naT AL
- RESSDRCES & CNSEROARIN .

1 wELL OWNER - ¢ CURRENTMAILING ATTRESS
“Mame _ %1% SwInGLE v 1204 SroRy mw R . -
Bewmeso ML SIS
: .‘;’!ﬂ_u?OSED USE damestic .ncludes lown and arden). stock, muncipal. _ industna,

S ar?z':'.:..ii_ "ﬂ?ﬁo"-

ner ‘specity

a

8. WELLTESTDATA_X pump basder

(if other, speesdy)
Pumping leved below land surface:

— tatwr__& s fiamping 3&
frafter_____ hrs pumping

9. WASWELLPLUGGED OR ABAHDOI-iED?___f"_- yg;
it yes, how? : 4

18. DATESTARTED - ‘feech 57, Yot 0 -
" DATE COMPLETED _‘=reh of. 1&7G -

T
e AN

: 200 soperste thest d necemery)

12. DRILLER'S CERTIFICATION

mwumumqmﬂnw

e g e

EP YRt - i8 true to the best of my knowdedge. £ for e’
feet below land surface Do o
T WelAie . w o~ X




Ye730o

PR o L LSEr AT N Lo RETIR Y

AETINT I I WA R
<3037 Pinx Mey Saner
artg-Oraiee

- T o

P2 SURREMNEMAILNBZINACSE o

YEL L OWINEA 7 . o
e J=.vart Taccrson _ 1925 -3ricger Srive .
_ Sozeman, Moptaga
30 PUGANSED st _{  domestc *includes lawn and garaen); stock; municipal, ndustrise
e cTngata_oaner isgecibyd U
2 1 NELL LJCATIONM 3. MELLTEST DATA pump X baier _ ther l
! “if ather. specity) " II
j i Pumping level heiow fand surface: :
! - ' : SR R atrer his.pumping ___ 15 gum
! : f.after hrs. pumping gpm
9. WASWELLPLUGGED OR ABANDCNED? ___ Yas X No |
—— . If yes, how? _ — S—— l
i 1
i 10. DATE STARTED Zant 53 3462 s
DATE COMPLETED Qgh._ L, 1552 -
11. WELL LOG
5 Depth (ft.)
! From To Forrizoon —
B s R 0, | 5. | Top So0i1 & clay _ B
| 5. . 26_| Coarme Jravel . .
26 ! 32 | Clay _ _ o B
NNk % SW % _SE Y%Setwon__32 | 32 . 35 | Fine jravel S N
(O - R__6F IR S s BN
Noi S EorW i { } I
OR, Lat Block _ : . e
Sulrdvision E ivisi i e L _j
City County Gallatin ! _ AU P —
Elevation ____ Accuracy: __ =107 __ +50% __#100- | - _ I
i
5. DRILLING METHOD X cable, bored, T
_ torward rotary, reverse rotary, __ jetted, | B ] ) B
other {specify) L ’: )

§. WELL CONSTRUCTION AND COMPLETION I e eas—————
Size of | Size and r!m«; 1;0 ; Perforations andiar ! - 5 ]
m’d :fm'm e oot seroen SR _ — ]

Kind Feom To B 2 ” S g )
2 fee foe 3
& 5/8 OD '15' * theet) :[ . (SR UV F——
x 17# +1 4 E | -
| i ‘ — SRS O
| ! | -
! . T—— = ey wc]
T | Bl e S
— ey R | e )
:“ “"“‘;"“ open end? X VYes No i
43 2 pachker or seal used? ' X 3 - T —
W If so, what material — Vs, Ne it
wnﬂuvnﬂ gravel packed? Yes, X No 'i___ ) _‘_______
% the well grouted? Yes X No —
To what depth? S ] T T T .

Material used in grouting
Well head tompletion: Pitless adapter

1210, above grage X

{if other, specity)

yes
, other

gumw horsepower _ % ,pump type __Sudbnersible
ump intake level feet below land surface
Power {electic, diesel, et}

{use separate sheet if necetsary!

DRI.LER'S CERTIFICATION
This well was dnlled under my jurisdiction and this report
i true to the best of my knowdedge.

12

Dute

Jones Welding & Drilline Co.

7. WATER LEVEL
Stauc water tevel — Ak

I Howang, ciosed in pressure

—— _3pm Huw through
Controlled hy _ viive,

__tert below land surface
s
. inch pipe

athag

regucers

Fam Npms

2122 3ridger Drive - Jozerar, Montana
Adarees




RY/e

I wELL Stz 2 CURRENT dAsLiNG ADU?ESa ‘
. Name Llonn o .mn Dan Wessed . | E e R & z L h i
‘_ng'_f‘é-fZ.L_Boa N Bm.swwr_MI“_ l
PROPDSED LSE X LA IR S L B LR stucy ___ TLotua eyt *_-‘
o ungation othar 1spebity __ __’_ _ ey
8- n
8. WELL TEST DATA pump _ X bailer _____ather
(it other, specify) __ .
jevel below land surface:
- fafter __ 1 hrs.pumping _ _ 4“5 gum
. fr.abkter ___ hrs. pumping gpm
9. WASWELL PLUGGED OR ABANDONED? ___ Yes _* No
If yes. haw? . :
T i
10. DATE STARTED _Ju1¥ 1hy3 . !
DATE COMPLETED ___ JUL¥ TE 1578 !
1. WELL LOG _ ;
Depth (f1.) 1.
From  To Formation i .
c_ 1.3 day L 1!
2 _1.25 | _ d rtx s*:‘.:’siu__ne_______-_ ¢
! £ AT 3 o _Zr=
Rg-——f5 | - G haﬁa%ﬁa“ £evels
L Bl D e e 1
§ L I T S ,
EorW _ i
Block s g em g
Gallatin _ . = i
e AN =00 1D } o 13
cable, ____bored, | | - )
qeverserotary, ___ jetted, | | - ;
i.‘.Fﬂfouhoru and:Qr *_‘T‘:_‘_-" T
[ Sereen I
17 Tnd  JFeam To o
v 68”&,“" fleets  Uleet] - ! - Tt T )
F ’ t » e
H e =
s gesgorions _"f VR S S [FEp
e e e et
R Y e B
et i ,
: . “r e 4 P
| b - — H _— ey
N I _ . :
Yes, No | H — :
_Yes‘ x No ; =~ S T e (i i
. i 1 a2 ;
. Yes, X No | i | e
Yoy o % Ko B
[ue separate shoet f necemsany*
= 12 DRILLER'S CERTIFICATION _ T
s 0T This well was driled under my jurisdiction and Ummm & B
_ pumptype___4c & Ve o etk oy kneedse. M"a
= feet below land surface Fotts ill!ls ard Develo_:‘l!‘:m.. :
':;E?.: =%, Box 95 Bozecan, Mint-ra
feet below land surface
psi Agorees
ingh. pipt Py / L9 2 10




RECEIVED

Form No 601 R2'B! RAY O 9 ]963 File No._.._’_j"_‘z_Qg‘%

S WELL LOG REPORT

- Lo e : bk b Ty y
State law requirgs that ;pjs&!o_gn?‘bcfﬂé'grpy the water well driller within 60 days after completion of the vell

1. WELL OWNER 8. WATER LEVEL €
' : Static water lovel mlnl below land surlace

Neme gl Rulnar

: == = It fiowing; closed-in pressure e
cmm ] ADDRESS - . gpm .

ot A&S“?\o. hestern D Lyg T Controled by: vave. __ reducers.
e S SIS ___other, (specity) T

WI:LLT:S‘IDATA ¥ ___pump . bailer

__sther, (specity) B
m ind boisw land surface:

“21 foafter 1 brs. pumping[__ 25 Jopm

i 2 R aiter lm pumping —_gpm

___Yes _ ::Ho

WAS. uu: rwm or ABMDDNED?
W yes, hew? :

ravel oversirgn
rrave

llll separsty shest Iif mecossany)

13.  DAULLER'S CERTIFCATION
This well wos drided under myjunsﬂicﬁon and this reporl is
true b lh bu! of my knowledge.

3 )

3 Potts Driuin and Deve lopm

TN L g TN T T TR

' Fraleme

zeman Mot 3#:1
1..)0

e & l License Mo,
CSoaTARA umntnvr oF NATURAL nuouncu a constnnrm D MRG
-c,'
" T HELENA, MONTANA see20 440-3962
DEFARTMoNT COPY

DRILLER  Prease Grve this copy to the well owner 1o cample’e reverse side
OWNER  Compiete reverse sige Form 602 and send 1o DNRC

Pz

32 SOUTH EWW
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WELL LOG REPORT

(it

Power (elactric, dhul. oc.) o

1 W o\wta L.tih,(lnc corporation 6. WATER LEVEL j
Namec /O U, P.0. T —— Smlcwaierleval{ l-% __ leet below land surface
It flowing. closed-in pressure psl
2. CURRENT MAILING ADDRESS ~_ gpm low lhmunh o inch pige
KX 3 North 3» St, Contralled by: _ valve. reducers., other
~ Billings, Montana 910 (it other, specity)
3. WELL LOCATION 7. WELLTEST DATA pump__ X baller other
(i other, specity)
, T Pumping level below land surface:
1 ; 35 fi, atter 2  hrs. pumping[__30  Jgpm
T f.alter _~  hrs. pumping _ gpm
bt N 8. WAS WELL PLUGGED OR ABANDONED? __ Yes _X No
If yes, how? . : :
9. DATE 3TARTED 281
DATE COMPLETED .81
10. WELL LOG
Sw H: Dopth (#.) .
From Teo Formalion
0 topsoils and rock
8 22 loose rock and gravel
22| 43 | dry,loose gravels
ST 431 47 gsands _and gravels
Ya Va__E ¥ Section 35 471 37 | fine sands &
Township h S INIS Range > EEW| 57| 84 coarse sands and gravels
County allatin.
Lot 3 & 4  RMdk Tract 7
Subdivision
Well Elgvation : -
-Aceuracy: - =10%; =50°; +100";
4. DRILLING METHOD x cable, bored,
forward retery, _____roverse mm Jatted,
sther ['M’ e ol Cas
5. WELL CONSTRUCTION AND COMPLETION
3::;: Skeand | From | To Porterstions sad/or
o m (fost) | (tsst) Sacsa ;
Mingd Freo . Te
FAL P30 17* Size flosty | (ko)
+2'5" %,
83!
5"
Was casing laft open ond? X Yos Ho -
Was a packer or soal used? Yo X Mo (s separsts aheot f recessary)
i s0, what material
Was the well gravel packed? Yes x Neo| 11. DRILLER'S CERTIFICATION
Was tha well greuted? Yos x No This weil was drifled under my |urisdiction and this u’ﬂ is
To what depth? true to the best of my krowledge,
Material used In grouting October 30,198 :
Well hoad completion: Pitiess adapter Date
12ia. above grade_-— . other “ Potts Drilling and Developing
(i other, specify) . Fom Xame
Pump horsepower [~ - ], pumptype 80]30 Gallatin Rd. Bozeman Monta+a
Pump Intake lovel fest below land surface 27 LI

v/

1.50

mfﬁ

3R BOUTH EWING

MONTANA DEPARTMENT OF NATURAL RESOURCES & consuuan NRc
S480-D0DS

HELENA, MONTANA 82801




f&g:&mm

e

I il

{A A
e nL.._, e




APPENDIX D

LANDFILL MONITORING AND SHOP WELL LOG REPORTS



CITY OF BOZEMAN SANITARY LANDFILL MONITORING "1 NORTH WELL

WELL LOCX cap

2 8" STEEL PROTECTIVE CASING
1.5 m— P sen
2—-]_0?5011_5' ORY R B . -.-.74/’?7:_6&0%0 SURFACE
a pmaam
CLAY INTERBLENDED
WITH GRAVELS HOLE REAMED 8" DA,
TO S5 FT. DEPTH
g f—
4" PVYC CASING
73 FT. TOTAL LENGTH
TIGHT CLAYBOUNO
ROCKS AND GRAVEL
L—— CEMENT GROUT TO 55 FT DEPTH
44—
CLAY, ROCK AMD GRAVEL
49 f—m
¢ FORMATION PACKER AT
85— . ATER i @B . -~ 43 FT. DEPTH
57 |—CLAY INTERELENOED W 13 GAM @ o
WITH LENSES oF s [
SANDS AND GRAVELS doy 4
2 ’f,—-—-—-GRAVEL PACK 55 FT. TO 70 FT.
4§ i
. — ool |~ b 4" PVC SCREEN PERFORATED
o <l YeX 4" SLOTS, 55 FT. TO 70 FT.
1 aa‘:’\ .0
?0 4 Oy Ao
CLAYBOUNG ROCK AND GRAVEL, ORY e FORMATION. FACKER &7
70 FT, DEPTH
76 p— WATER
78 DIRTY SANDS & GRAVELS, 5 GPM
CLAY, SANOS 4 GRAVELS, WET
4—— 6" DIA. STEEL CASING
37 — 70 FT. TO 129 FT. TOTAL LENGTH
WATER
o]
RTY, TIGHT SANDS § GRAVELS, 6 GPM
104 |—
SILTY SANDS, WET
120 }—
CEMENT PLUG 120 FT, 129 FT.
125 e
SILTY HEAVING
12gL__AND RUNNY SANDS, WATER 3 GPM




ROUTE ONE

BOZEMAN, MONTANA

POTTS DRILLING CO. et
Name City of Bozeman Start 11=-11-80 Fnhih 11-21-80
Street __Sanitary Landfill Size 4" Weight__PVC
Town _ Monitoring Well #1 Didilier Herb '
Location _ North Boundy Well Rig 71 Star
/4 1/4 Sec. Twp  Rng’ CASING LOG
& :
< 40 Formation Water # Length Total
0 water samples
A topsoils dry M #1 | 11-12-80 49-65"
%18 clgy interblendied temp. 12° C.
7| with gravels Conducitivity 260
% tipht claybound }f leld 12 _gpm.
/ rocks and gravel w| #2 | 11-13-80 76-18 £t,
{49 clav, ?:ock &Grtxvel - L | temp. 10° C, I— y
65 clay ié-terbln‘en‘dad" water . Conducitivit 280 -
| with landes oF pinds Cotal drillidg 129 fr.
and gravels 15 gpm total casing |(4"pve) 73! ]|
65 dry i
claybound rock hnd gravel total casing |6" steel .
a5 dy 70-1297 :
8| dirty sands & gravelg -waten +2'-8!' %1'
A8 97| clay,sands & gravels ge%jm 4" pve casing 41'6" to 72ft. :i
S04 direy, tight sandh and“2E5EL1 set at 71 fd,
~ 125 silty sands 6w§£m 4X7 formation psckerrset at .
water
% silcy heaving, kunny gands 98 fE.
/L 3 gpm. cement groutdd to 45 ft.
" SnW-L. 57 ft'
amount 15 gpm
Remarks: 4" pvc casing perforated| W #3 11-17-80 97-104'
5 4" slots 49-70 temp. B° C
Conducitivity 240 {9,
. Yiald 2 gpm.
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Form No, 601 R10i79

7

5 . E Fila No.
WELL LOG REPORT 1
LI s e .
State law requires that this form be filed by the walter well drillar within 60 days after campletion af the well,
1. WELL OWHNER Lt 6. WATER LEVYEL :
Nams _ Clty of Bozeman Stalicwatar lavel [ 57 | Iset balow land surface
Il flowing, closad-in prassure psl
2. CURRENT MAILING ADDRESS v gpm llow through Inch plpe
Sanitary Landfill v Conlrailed by: valva, reducars, othar
Bozeman, Montapa (Il athar, spacity)
3. WELL LOCATION 7. WELLTESTDATA _~p pump__#{ bailer A ¥ 22 other
{1t ather, tpecity]
Pumplng laval below land surface:
£ N oater o~ tws, pumping(__/ 4 |gpm
t. after " hrs. pumping gpm
Gl i 8. WAS WELL PLUGGED OR ABANDONED? __ Yss X No
Il yas, how?
9. DATE STARTED 11-11-80
DATE COMPLETED 11-21-80
10. WELL LOG
! 1 Oapth {it.)
From Ta Formatlon
0 2 topanils
2 | 18 clay interblended with
“grabels
I8 44 | tight claybound rocks
Ya V) Y4 Saction and gravel
Township N/S Rangs E/W| 44 | 43 clay,rock & gravel
Caunty Gallarin 49 65 clay interblended
Lol Block with lenges of gands
Subdlvision and gravels
Wall Elavatlon 65 76 claybound rock and gravel
Accuracy: +10"; + 50" =100 | 76 | 7B dirty sands and gravels
I8 G7 clay, sands and gravels
“97 | T04] dirty,clght sands and
4, DRILLING METI!OD X___ table, bored, gravels
forward rotary, raversa rolary, jettad, | LO4] 1251 s8ilty sands
othar (spocily) 17257 129 sllcy,heaving, runny sand
S, WELL CONSTRUCTION AND COMPLETION
Slinel | Slzeand | Fum | Te Peritratians X and/er
dritad walght (femt) | (1nat) Serven
hele H caziag
Xind Fram Te
L pve |+1% 721 sim {toat} (leet)
"
6" dteel 129 | g10ca
LY.CN 49 70
Waz casing laft apen and? Yos > Ho
Was 2 packer or o3l used? x Yo Ne {use tagarate shesl i necasiacy)
I 30, what materlal _4X7 forma e
Was the wall gravel packad? ¥ Yas No| 11. DRILLER'S CERTIFICATION
Was the well grouted? x__ Yaos No This weil was drlllad undar my Jurisdicilon and lhis raport Is
To what depin? 45 true 1o the best of my knowiedga.
Malarial usad In grouting cement Dec. 16,1980
Wall haad complstlon: Pitlsss adaptar Pt
12 In. abave grade ., other Potts Drilling and
{1t athar, spacity) Fierm Hama
Pump horsapower | ], pump type 3 Bozema ont -
Pump Intake lavel {ost baiow land surfaca drey
Powar (slactric, diesal, nlc.) ""’;-ZJA#‘ v p /f?ﬁz\ {50
Slgratura ! Licanta Ha,

MONTANA DEPARTMENT OF NATURAL RESOURCES & CONSERVATIO

I VBOUTH BWINGQ

HELEMNA, MOMTANA 9801

e DNRG

DEPARTMENT COPY

Wall owner must complate Form 602 an reverse side.

wL- 5926
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CITY OF BOZEMAN SANITAR

WSS
TopsSOILS, DRY

CLAYS INTERBLENUED
WITH GRAVELS

CLAYBOUND ROCKS
AND GRAVELS

CLAYBOUND ROGKS, SAND

AND GRAVELS
WATER 6 GPM

DIRTY SAND AND GRAVELS

TIGHT CL AYBQUND
GRAVELS, ORY

T3

-

AL L e =

v LANDFILL MONIT ORING ¥2 CENTER WELL

WELL LOCK caP

" STEEL PROTECTIVE CASING

/-5
GROUND SURFACE

CXG

HOLE REAMED 10" OlA.
To 8 FT. DEPTH

4" PVC CASING
75 FT. TOTAL LENGTH

HOLE REAMED 8" DIA.
8 FT. TO 45 FT DEPTH

CEMENT GROUT TO 43 FT. DEPTH

N PACKER AT 45' DEPTH

A /‘ FORMATIO

Il

i
l!ll\l\lll

HOLE REAMED 6" DIA.
45 FT. TO 73 FT. DEPTH

GRAVEL PACK 45 FT. TOo 73 FT.

'
1

4* PVC SCREEN PERFORATED
Yy x 4" SLOTS, 43 ET. TOTOFT.

e



TELIFHONI

ROUTE ONE POTTS DRlLLlNG CO. sae.8812

BOZEMAN;MDNTANA
Nume.__“§LL2_0§ Rozeman _ll:l&:ﬁﬂﬁnhh_llzlzﬁﬂ_‘
4" Weight____?_‘!.c__——

Street ' Ganitary [.andfi“ Size
Town _”i‘—g—wﬁonitorin ell #2. Driller Herb
71 Star

Start

Location Center Well B Rig
. 1/4 Sec. Twp  Rng CASING LOG
Formation \ Water -m Total
d #1 11-28-80 58-70 ft
ten-.I10°

claybound rocks |& gravels -g

and gravels water
5870 dirt gand & RT3 els ot 2 aging

7075

bound gravels

| coment grautes =
T e |

T emowme | s
| fornatton picker sec 8t

tight alay? “
\
\
\
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. Form o 603 R10I79 77 7 File No.

WELL LOG REPORT

Siate law requires that this form be filed by the water well driller within 60 days alter completion ol the well.

WELL OWNER J 5. WATER LEVEL

1.

yama City of Bozeman Static waler laval (9B | Iaet belowland surtace

It flowing, closad-in pressure _pst

CURAENT MAILING ADDRESS 5 gpm flow through inch pips
Sanitary Landfill Controlied by:

vaive, reducars, othar
Bozeman, Montana (it athar, specify)

3. WELL LOCATION 1.

WELL TEST DATA *_pump X ‘hailer_£;'2 other
{1l otner, spacily)
Pumpling laval below jand surfacs:

A7 R, altee __7_ s, pumging C_T,_:lgpm
H. allar hrs, pumping gpm

WAS WELL PLUGGED OR ABANDONED? __ Yes _x Mo
\f yos, haw?

DATE STARTED 11-24-80
DATE COMPLETED 12-2-80

10, WELL LOG

Daglh (1)
Fram

Ta Formation
togsoils

cia%a, Interblended
with grave ]
claybound rocks and grav

ls

Yo Vi Ve Section claybound rock,sand
Township N/S Range E/W ravels

County Gallatin n

Lot Block

Subdlvision

Wall Elavallon

Accuracy: =10" =50"; = 100",

4, ORILLING METHOD X cable, bored,

_____turw:rd rofary, revarss rolary, Jallad,

alher (spacity) |

‘ 5. WELL COHSIRUET‘IUH AND COMPLETION

Slool | Shrwand fram | Te Purlarationt -~ andi o |
drilad walghl [tual) | (leat) Scrasn - ]
note ul casing
Xind Fram Te |
i Sls (tesl) lasl) l
pvc \
1) stee 1/8% a4t I
slots 50 70! {
|
|
|
|
|
Was casing lalt open end? Yo |
Was a packer or ssal used? x Yoi {use 1oparate shest il macertany)
It s9, whal matarial
Was the well gravel packad? x Yei No| 11, DRILLER'S CERTIFICATION
Was (he wall groutad? x  Yos L1 This wall was dillied under my jurisdiction and lhis report Is
To what depih? 45 ft. true ta Lhe best ol my knowladgs. .
Matarlal used in grouling cement Dec. '16,1980
Walt head completion: Pitless adapler Pocts Drilling ader Developing
12 In. abave grade . other nglmn_ﬁ_oad
(1f othar, specity) . Fum Hama
Pump harsepower [ ], pumg typa Bozeman, Montana 59715
. Pump intaie lavel {eal below land surlace Address )
Pawar (elsctric, dietel, olc.) < — ______]_-5[.)._.__.
Slgrature Licante Ho.
MONTANA DEPARYMENT OF MATURAL RESOQURCES &/ GOHSERVATIONDNRG
32 VOUTH EWING HERZLEMNA, MONTANA s9aotl A4a9-3634 .
DEPARTMENT COPY wL-. 59 27

Well owner must complele Form 6072 on ravarsa sida.
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Form No. 603 A2/81
s

File Na.

WELL LOG REPORT

State law requires that this form be filed by the water well driller within 60 days after completio

n of the well.

1, WELL OWNER

7. WHAT IS THE TEMPERATURE OF THE WATER?
Dagrees Fahranhail

O Measured O Estimated

8. WATER LEVEL '
Nams City of Bozeman Static water lavel (20 |(eat below land surface
1t flowing; closed-in prassure : psi
2. CURRENT MAILING ADDRESS ’ gpm
City Landfill Well i#2 Controlied by: valva, reducers,
Bozeman, Montana olhar, {spgci[‘”
3. WELL LOCATION . 9. WELL TEST DATA pump___ X bailer
County Gallatin : other, (specily)
Township [ S N/S Range__ [, = E/W Pumping level below land surface:
Vi Vi v,  Section =/ 96  f.alter (L hrs. pumping (L0 Jopm
Lot Block o f.oalter ___hrs. pumping gpm
Subdivision
* 10. WAS WELL PLUGGED OR ABANDONED? __ Yes _xNo
© PROPOSED USE Damestic O Stck O lrrigation O \f yes, how?
Other O specity 11. DATE COMPLETED ,1982
5. DRILLING METHOD. cable, hored, | 12- WELLLOG
forward rotary, reverse folary, __ jettsd, Dapth {ft. .
other (SPEC”Y] Fram To Formation
73 | 9L | sandy cYay
§. WELL CONSTRUCTION AND COMPLETION 91 {108 | gravels
Size ol | Sizeand | Fram | To Parloraligns and/or - ) \
drilled waight (fast) | {teal) Scroen ‘
hals ol casing
Xind From Ta |
gn 6" 17 4# Slza (leat) {lasl) l
X |
105 l
|
| ]
l
t
Was casing lsit open end? __X Yes No ‘
Was a packer or seal used? Yas X Nao |
If so, what matarial i {use saparats sheat il nacassary)
Was the wall gravel packed? " Yes X No '
‘ 13. DRILLER'S CERTIFICATION
Wa;nt:'i:‘ \':t;il g‘l:;llad? Yes X _No This well was drilled under my jurisdiction and this repart is
2 apn: - true lo the best of my knowladge.
Material usaed In grouting - May 19 ,1982
Well head complation: Pitlass adapler Dale ;
; _Yes X _MNo Potts Drilling and Developing
Tap of casing 12 in. or graater above grade Firm Name
— 2.l 80730 pallarin Rd. Bozeman MonoC.

VAN
Sigalurs J/

Licansa No.

32 SOUTH EWING

MONTANA DEPARTMENT OF NATURAL RESOURCES &

HELENA, MONTANA 59620

aricrajt prisrers of misiouls

DRILLER:

DEPARTMENT COPY
Please give lhis copy to the well owner to complele reverse sida.

L‘DHSERVATIGAD NRG
‘ 449-3962

OWNER: Complete reverse side Farm §02 and send lo DNAC.




CITY DF

2 ——
1 SR
FEET Of— S
TAPSOILS, DRY
i S
8 e
CLAYS INTERBLENDED
WITH GRAVELS
) -
CLAYBOUND ROCKS
AND GRAVELS
46 p—
asl— sl
50— o
CLAY, SANDS AND GRAVELS ?é
o8 SANDY GRAVELS— WATER 3 GP 7
a4 NDY GRAVEL ATE PM
DIRTY SAND AND GRAVELS
WATER 2 GPM
60 |
DIRTY SAND AND GRAVELS
WATER | GPM
70 f———
. &
CLAYBOUND ROCK, SAND g
AND GRAVELS 1,59
7s L o

~2

kﬁ&nnn ‘\

Attachment .

BOZEMAN L..NITARY LAMDFILL MONIT_RING ¥2 SOUTH WELL

:’"—‘-WELL LOCK CAP

/—E" STEEL PROTECTIVE CASING

7S GROUND SURFACE

HOLE REAMED 10" DLA.
TO 8 FT. DEPTH

4" PVC CASING
" 7e Fr, TOTAL LENGTH

HOLE REAMED 8" D)aA.
8 FT. TO 50 FT, DEPTH

/-CEMENT GROUT TO 50 FT DEPTH

FORMATION PACKER AT 5Q' DEPTH

noo:

| a—~ HOLE REAMED &" DiA.
50 FT. TO 75 FT. DEPTH

""" GRAVEL PACK 50 FT. TO 75 FT.

L—4“ PVC SCREEN PERFORATED
I8 x 4" sLoTs, 50 FT. TO 75 FT.




ezt HASCEA POTTS DRILLING CO. - s

s3s-5812
Name €ity of Bozeman Start L2=3-80 Finish 12-12-80
‘Street__Sanitary Landfill Size __4" Weight ___pvc
Town Monituring Well i#3. Driller __Herb
Location South Boundy Well Rig 71 star
\/4 1[4 Sec.  Twp Rng CASING LOG
<(*0{:\\:: Formation Water ( f wal?eig ths smple Total
19/51 topsoils dry \ 1. 12-8-80 55-60Q"
i/ﬁz/\ clays interblenhed \teﬂp. lQﬁ:_Cj
,////\ \graVEIS ‘Conducitiuitg 550
%?’Zg\ claybound rocks}and gravels r : \ l
%‘ clay and gands, gravels \ total drillin&; 15 ft.
éﬁfgg sandy gravels water total casing
l 3 gpm 4 pyg 76—£&-
ii/ggw dirty sands & giévgiger total casing
“ BRs 6" Steel | 10 fr.
4//7/ dirty sands and\gravels r top of casing = 2n T
/ \ lw:g:l: 4" | pyc casing pbrforated ]
zg/{;} claybound rock-land 1/8K4" slots 50-75€¢.
,//// auc gravels '\ gravel packed 50-75 ft.
l foomation packer
4//// \ _J set at 50 fF
4{/// \ cement groutLd to 50 ft,
\ s.w.l. \ 49 ft,
/ \ amount \ 6 gpm,

Remarks:

O -

-
=

|
|
l\
| B
|
|
|
|

| I SEEE
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. Farm Ho 603 R10/79

]
L~ '
/7

WELL LOG REPORT

File Na.

State law requires that this form be liled by the water well driller within 60 days alter completion of the well.

1. WELL OWNER 6. WATER LEVEL "
Namsa CL Ly of Bozemaq Slatic water lavel {eal below land surfacs
i Il lowing, closed-in pressurs __psl
2. CURAENT MAILING ADDRESS gpm llow lhrough inch pipe
Sanitary LandfLll Conlroilad by: valvs, reducers, othar
Bozeman, Montana (il athar, specity)
3. WELL LOCATION 7. WELL TEST DATA A~ pump A bailar X othar
(It other, specity)
[ Pumping level below land surfaca:
l 7o Moalar _ S hes. pumging[__ 2 gpm
l H. aiter hrs. pumping gpm
iy ue 8. WAS WELL PLUGGED OR ABANDONED? Yas X No
Il yes, how?
9. DATE STARTED 12-3-80
DATE COMPLETED 12-12-80
10. WELL LOG
v 9 Death (f1.)
From Ta Farmalion
Q 3 topsoils
3 24 cla nterblended -
wi ravels
24 46 claybounds rocks & grave
Y Y Ya  Seclion 461 54 clay and sands
Township N/S Aangs E/W 54 55 sandy gravels
County __ Gallatin 55 60 dirty sands and graveld
Lot Black 60] 70 dirty sands and gravels
Subdivision 70 75 clybound rock, sand &
Wall Elavalion gravels
Accuracy: =10" +=50"; *=100";
4. DAILLING METHQO « cable, bared,
forward rotary, ravarsa rolary, Jaltad,
othar (spacily)
§. WELL CONSTRUCTION AND COMPLETION
Slza ol | Size and Fram | Ts Perioraiane X ind/w
dililed weighl {luat} | [last) Scraen
hois ol casing
Kind Frem Te
AL pve Size [taal) {toat)
6" | steel 1/8x4"
alots 50 75
Was casing [ait opsn and? Yos Ho
Wazs 2 packer or seal used? X Yo No {usa tuparate shesl Il necessary)
Il 10, whal matarial |
Was Ihe waell gravel packed? X Yas No| 11. DARILLER'S CERTIFICATION
Was {he well groutad? X _Yo1 Ho This well was drilled under my [urisdiclion and Lhis repori Is
To what dapih? 50 trua 1o lhe best of my knawledga.
Material usad In grouling cement Dec. 16,1980
Well haad compistion: Pitisss adaplar fata
121n. :hnupgrzdn i ,  othar Potts Drilling and Developing
(11 other, specity) Fum Nama
Pump hursnnuw'rl I. pump Wp. 80730 Gallatin RDad Bozeman ,Mon c4
Pump Intaka laval {ael below land surfaca Addrag 5 W
Powar (alaciric, diassl, slc.) _4 Z Q—TQJ id 150
Signdlurs °© £ Licanzs Ne.
MONTANA OEPARTMENT OF MATURAL RESOURCES & GDNSERVATIDNDNRG
32 SOUTH EWING HELEMNA, MONTANA 89401 Aap-3634

DEPARTMENT COPY
Well owner must complele Form 602 on raversa side.

wL- 5928
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Department of Natural Aesources and Canservation

WELL LOG REPORT

White-Department
Yellow-Department
Pink-Well Owner
Gold-Driller

State luw requires thut r.l:i": form be filed by the water well driller within 60 days after comp.l':rl'oﬂ of the well, and I‘orm 602, Natice

of Cumpletion of Groundwater Development, be filed by the well awner within 60 days after the water has been put to beneficial use.

1. WELL OWNER

2. CURRENT MAILING ADDRESS

Name __Citw of Bozaman —Bozesan—Hentana
3. PROPOSED USE ___ domestie {includes lzwn and garden); stock; municipal; industrial;
frrigation; other {specity)
4, WELL LOCATION 8. WELLTEST DATA_X pump baiter other
(if other, specify)
l [ \ Pumping level below land surfaca:
f after hrt. pumping 10 qum
\ \ \ fu after hrs. pumping gpm
NW NE
\ \ l \ 9. WASWELLPLUGGED OR ABANDONED? Yes_x No
\ \ \ Il yes, how?
10. DATE STARTED
\ i \ DATE COMPLETED
l l \ 11. WELL LOG
5w SE Depth {ft) .
\ Erom_ _.To Formation
\ YA __gilty cla
241261 softelays
26+—45 —fine—elars
% % % % Sectin rdead 7
T. R : : P
Naurs EarW F’?{ T O ot A e
OR, Lot Block bl OELC SARYE
Subdivisian Uy 1/J dirTy gravel
City County 11atin 75195 vm—t%gnrﬁtmmuﬁd‘
Elevation Accuracy: _, +10°; _ +50°;__#100% : gravel
y5 199 cliys and gravels
5. DRILLING METHOD x cable, bored, | 99 [LUY | dirty,wet gravels
larward rotary, Tevene rotary, jeted, [ 109 [II1 | broken rock
T ather (specify} 1111 125 dirty,wet gravels_ ____
t dirty mand and |
§. WELL CONSTRUCTION AND COMPLETION hraveln
Size of [su. and Fram  |Te Pertorations walor L1971 wory dirty silty clay
drilled wawght lteet) linat) Screen e ¥ | il ranlal A
hota | ol casing seads—and -gravels——
- K.ind From To a—an
6" 6" 17# 410" Size |fwat) {fowt) Az 57 i d prave k
1gn
91 —] sand—
15 sttty sands—and—graved
clry
Y7117 coarsg—to fine—sands—]
—amt—gravel
bomnd—samd—amd g
18719 cIay
Was casing left open end? x_ Yo, Ne | 1932 U coarsc gravela and BAal
Was a packer or saal used? Yes, s Mo 200 705 coarse sanda and grave
I 50, what matesisd x
Wat the well gravel packed? Yes, » No
Was me well grouted? Yes, Na
To what depth? L
Material used in grouting

Well head completion: Pitess adupter

|use sopacuta sheat il necensaryl

12. DRILLEA'S CERTIFICATION

Powar {electrie, diessl, etz.)

:_: :‘nm:l'm:;gr;i; , other This well was drilled under my jurisdiction and this repart

. SRecily) is true 1o the best of my knowledge.. .-
Pump horsapower , pump type e il Q&!}_..l.‘l.lﬂlg
Pump intake level feet below land surface Ot

7. WATER LEVEL
Static water level

i1 Rowing, closed-in pm

{eat below land surfaca

- pi

gpm flow thraugh inch pipe

Contralled by: valve, reducers, other
(il ather, specity)

mﬂrﬁi:fug—n:d—ﬁevdc?fﬂ'z—
80730 Callatin Road Bozemsn, Mos

Ao foiie I
tpdws F

150

o e ——

vel

La

T
.

Liconsa Ma,

o~ i o

Cyaligoe s e d T

-

praay e

<

Lt TNy ek g Vedaaan

rhiet

ey




MONTANA BUREAU OF MINES AND GEOLQOGY WELL LOG GROUND WATER DIVISION

{iole name
County_Gallatin  tLocation:T. 1 5 RO E  Se. 30 Tract _CDDD  or number LF-1
Hole location
Recorded Date hale Date hole Drilling
by H.R.M. started 2/20/85 completed 2/20/85 Driller _F vA-_S_- company MBMG
Total well - Wedl Casing diameter(s)
depth (ft) 23 diameter(s) _ 6" and length(s) A
Type of A. Steel (black) @ Plastic E. Wood cribbin Weight or gage Method —perforated  A. No casing in hole
casing(s);  B. Steel (gal.) D. Openhale F. Other (specit')g) of ghsing m_LQO or screened: - B. Open bottom only
C. Slotted with Mill's knife
Interval—perforated D. Slotted with a torch
18-22.5 E. Sc:ecnedbyl‘p ing casir
or screened: ks E. Other (specify)
P saw slots
Has or will well be test pumped? Yes No Were material samples taken?@% No Was a water sample(s) taken? Yes No
Remarks
DRILLING LOG Estimated composition, % -
From | To Geological, drilling, and water conditions; remarks and sampling Grave Sand
el f| vd e| m| [|vi|silt| clc
0 3 Top soil, dark brown, silty
3 8 Silt, clayey, dark brown to black
8 13 Clay, silty, black, gravels & 13'
13 14 Gravel, very coarse with angular sandstone fragments
14 18 Clay, silty, black with grav‘els and angular fragments
18 23 Sand, med-coarse with some gravels

saturated 18'-18.5"'

Static &= 15'




.0

MBRMG WELL COMPLETION DATA

[IYDROLOGY DIVISION

Project

Other

Hole Number L,ff-'j_ _

Blank Casing

Hole Location

Screen

e e
— o - e

Drilling bates 2/y)p/eN”  2/20/ 25

Packer

Driller & Company /78mMeG

Cap

Design By

Hnole Diameter & o

Bentonite Pellets |%% ottt 2 tss

I P
Bentonite Slurry )§i§;§§ 4,

Total Depth 2.5

Cement

Casing Diameter ‘/‘

Gravel

Casing Type & Cauple ﬁﬂ_ﬂ[_ -/¢&0O

Cattinps

Land Surface Elevation

Remarks

= o<
_0there, ved MaTpnia| §i e =

DEMIHST COMPLETION MATERTAL
(Ft.) TaCl
!
~ 3 .S,

THTCRMES
(fr.)

/8’ _

EM L
# X # 5
% | % x
% |
% %
T *

28 I TD | *

STZE O
MAKE

S HATERTAL LITHOLOGY | OTHER




A{ONTANA BUREAU OF MINES AND GEOLOGY WELL LOG GROUND WATER DIVISION

i Hole name
Zounty Galla-t_}_n___ Location: T, L5 R. E_E_ Sec. __:J’E_, Tract _CDDD =~ or number LF "—A
dole location
Recorded H.R.M. Date hole Date hole 9 P Drilling
mgy R started MS completed ,2_/L9L8_.3_ Driller F.A.5. company MBMG

Total weil 33 Well g" Casing diameter(s) AL

depth (ft.) diametez(s) and length(s)
Type of A. Steel (black) @Pustjc E. Wood cribbing Weight or g:a.ger C-160 Method—perforated . A. No casing in hole

1 H i i = ed: B. Open bottom only
casing(s): B. Steel (gal.)  Openhole F. Other (specify) of casing or screen R Sl% o R vith Mill's knife

erval- ed _— D. Slotted with a torch
Int perforat 551-23.5" E. Screened hyltptﬂlmg casing

or screened: : F. Other (specily)

saw slots
f1as or will well be test pumped? Yes No Were material samples uken'.’ No Was a water sample(s) taken? Yes No
Remarks
\ DRILLING LOG " Estimated composition, %

Frol T Geologi jlti t nditions; ks and i € Sand

m o ‘ ogical, drilling, 2nd watez O itions: remarks and sampling mcl e TTvE st clay

0 l 3 ‘ Top soil, dark brown, silty \ \ l T_] \ \ 1

3 \ 8 \ Silt, clayey, dark brown to black \ \ l

8 \ 13 ‘ Clay, silty, black, gravel & 13’ ‘ \

13 ) 14 Gravel, very coarse with angular fragments, sandstone \

Sand, med-coarse with some gravels

14 \ 18 ( Clay, silty, black with gravels and angular fragments

23| 28 | Mo return - drilling - lternating grinding (gravels) and
% ‘ . soft drilling (clay)

28 \ 29 | No return - grinding (gravels)

29 ‘ 33 No return - grinding (gravels)

!+ 1 S+ —1r—7
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MHEMG

WELL CONMPLETION DATA

Prn_j_-rct

lnle Numhar  / f__ZA

Hnlo Locatinn

Drilling Dates ﬂ/du/cﬁf’

Hl'mk f‘nsin;'

AL A

Dther

IIYDROLOGY DIVISION

.t(‘ I’l "n

Packer

— o —

Driller & Company AP C

Desipn Hy

Hrﬂ ¢ Diameter

Total Depth

Coment

bap

. jif‘ﬂ_umi_t_y Pel ]ets

—Mentonite Slurey

Casing hlamer_cr o1

Casfme Type & b Gaupre IOVQ__LLQ

Land Surflan. AR evatian

Remirky

Lravel

LI 1 |Ill'__5_i__

_Other

U oY ) Tt
_._0’__._(‘._'_3.'_

2"

DEFTHS [ COMPLET ToN THTCRNES S

29

32\ 7

51721

‘I’\l F.

MATERTAL

hy?

LITHOLOGY ; O07THER




¥ LANA BUREAU OF MINES AND GEOLOGY WELL LOG GROUND WATER DIVISION

3 Hole name :
Cauan_E}_l?_t_l_I}__. Location: T. 1S R. 6 E Sec. 31 Tract _ABRRC or number LF-2
Hole location
Recorded R.M. Date hole Date hole .y Drilling MBMG
by HrRel started MS completed E_/Z_]./_S_S‘ Driller _Ei_ company M
Total well 28 Well 6" Casing diameter(s) 4"
depth (ft.) diameter(s) and length(s)
Type of A. Steel (black) Plastic E. Wood cribbing Weight or gage 160 Method-—-perggnted . é go casgg% in hgl:ly
i H . . i : H f casi or screened: . Open om .
casing(s) B. Steel (gal.) Cpenhole  F. Othez (specify) of casing T O iy rlfmfe
Interval— ted D. Slotted with a torc
pertora 12'-17.95" E. Scteenedhyi[puﬂingcasi::
or screened: F. Qther (specify)
, saw slots
Has or will well be test pumped? Yes No Were material samples taken? ’Yas; No Was a2 water sample(s) taken? Yes No
N
Remarks

DRILLING LOG ' Estimated composition, %
Geological, drilling, and water conditions; remarks and sampling Gravi Sand

c| f| vqg ¢| m| £ |vi|silt| cla

From To

0 1 Top soil, silty, black

1 3 Silt, clayey, dark brown

3 8 Clay, silty, light brown, very moist

8 12 Same as above

12 13 Gravels, sandy

13| 17 Gravels, coarse to very coarse, sandy
17 | 18 Sand
18 | 20 Gravel

201 22 No return, soft drilling

22 23 Gravels, silty, saturated




a

MBMG

WELI, COMPLETLON DATA

HYDROLOGY DIVISION

Project

Other

Hole Number

LE-

2

Blank Casing

Hole Loz;g_t:._L;;_u_

Sureen

b = = - = -

Drilling Dates S-2Q/arl8S C- 37/,1[[3:-( Packer

— — o o —— -

Driller & Company M B M G

(Zap

Desipn By 4204 -FAS

__Bentonite Pellets

3
Hole Diameter 6_” Bentonite Slurry fffgjﬁ_é .
/
Total Depth 78 Cement ///////A
4" 0o 0 9,90
Casing Diameter v d Gravel 0 00°0n02
kﬁf
Casing Type & Gauyre /@aj_/c _Cluttings XKXKKA
Land Surface Klevation Othe tlaved Mg Tomad L 58 e i ,.;*
Remarks
NEPTIS | COMPLETION MATERIAL |THICKNESY MATERTAL]  LITHOLOGY | OTHER
(fe.) | T.c.— 3 (Fr.) | STZE OR
R AN MAKI
= : —— o bl e
1
L
/o”
l‘{l" 2
12 e
°:o:=o : -
i
y D0 , -~
240 —
i —
o o = -
o> -—
8% - -~
- 28-S
Cool| -
1o -
/ g p|l—- ——
[8 loooyr -
7|
X'_* 23 'L,
g4 * '
Ees
g i
W e | i
'
2 _|TD |# :




MONTANA BUREAU OF MINES AND GEOLOGY

WELL LOG GROUND WATER DIVISION
" cainity, PR Location: T.1 S RO E sec. 31 Tract ABAA peo i L
Hole location
Recorded [ . Daehot 3/21/85DN00E, 2/21/85 e Fa:S:  company MBMG
- R = gl

Type of A. Steei (black) @ Plastic

casing(s):  B. Steel (gal)  D. Open hole F. Other f:’;tgr?) xﬁﬂn?g_ngjl?g-__ Metg:’gc;g‘ﬁ?m' g:‘ §1%T?§E§;u?u%{ knife
gl D S

B caaedy F. Other (specify)

s saw slots
Has or will well be test pumped? Yes No Were material samples Laken No . Was 2 water sample(s) taken? Yes No
Remarks
( DRILLING LOG ' Estimated composition, %

From | To Geological, drilling, and water conditions; remarks and sampling G:W;“ - iﬂﬂ;‘ o e o

0 2 Top soil, silty, black

2 3 Silt, clayey, light brown

3 8 §ilt, light brown

8 9 Gravel

9 13 Sitt, light brown

13 14 Silt, light brown

14 | 18 Alternating very fine and very coarse gravels with silty

sand very fine, light brown

18 | 23 Same as above

23 28 Gravel with silt, black (moist)

28 | 30 Silt, saturated & 29'

31 33 Silt, saturated

33 38 Sand, clayey, dark brown, saturated

38 | 48 No return




MBMC WELL COMPLETLON DATA

HYDROLOGY

DIVISION

Project

LE-5

Hole Number

Hole Location

Drilling Dates 2/2/ /85 - 3/ arl/2s

Other

Wlank Casing

Screen

- — —— o = =
— . o = —

Packer

Driller & Company /¥4 7 ..

Cap

Desiypn By ,5_;4_;. - Hem.

_ﬁyntonite_ggllets

’ 4 $ b
Hole Diameter (£, 7 Bentonite Slurry ’? },f;’{;.,;: %
1L
Total Depth l—/é’" Cement A
L] . 0o 0 9,90
Casing Diameter ¥ Lravel 0 oo egle

Casing Type & Gauyu f_}_{é_:Lé_Q_ﬁ_ ]

Land Surface Flevation

Remarks

Hﬂ£1[nﬂ§

"5

ele,ed M -cd

g-e
R |

DI
(Ftl) 4
3

r
Fam |

COMPLET T ON
Tulle
{4

{(fe.)

Bl

[
]jll‘
111

!
l\

|

i
Py
Fg?

36.5

¥ % ¥ kR x

w ¥ % %X 4

(
=48

HATER TAL ‘ THEGRENEN

P osamaan
P
| MAKF

LITHOLOGY |

OTHER




MONTANA BUREAU OF MINES AND GEOLOGY WELL LOG GROUND WATER DIVISION

. Hole name
County Gallatin Location: T. 18 R. 6E Sec. 31 Tract _ABRCD or number LF-4
Hole location
Recorded Date hole 9 Date hole Drilling
o H.R.M. g 2/h2/85mmplmd 2/22/85 Lo FoA.8. ey MBMG
Total well 23 Well n Casing diametex(s) 4"
depth(ft.) ___—— diameter(s) and length(s)
Typeof  A. Steel (black) © Prastic E. Wood cribbing Weight or g2ge 160 Meumd—pergmwd : & goecnasgggti;';d:ly
1 : . s . 3 i i screened: . o
casing(s) B. Steel (gal.) D. Openhole F. Other (specify) of casing or screen e 511‘33 it:g e %.."I.i.fe
Interval— ted _— D. Slotted with a torch
Pl 5'-12.5"' E. Screened by pulling casi
or screened: F. Other (specify)
- , saw slots
Has or will well be test pumped? Yes No Were material samples mken&: No Was a water sample(s) taken? Yes No
Remarks
: DRILLING LOG Estimated composition, %
From | To Geological, drilling, and water conditions; remarks and sampling Gravel Sand_
cl 1 vd cf m' f|vilsilt| cl
0 3 Clay, silty, black, very moist
3 4 Clay, silty, very tight, light brown, very moist
4 7 Sand, very fine, clayey, light brown, saturated
7 7.5 Gravel, sandy, very fine
7.3 8 Sand, very fine to fine, clayey, light brown, saturated
8 10 Gravels, medium
10 | 13 Clay, sandy
13 | 18 No return, grinding (gravels)

18 23 Same as above




0

-

MBMG WELL COMPLETTON DATA

THROLOGY DIVISION

Project T _ i 9_!_11‘::-
Ll
lole Number /_f "7 Blank Casing
Hnole Location Sereven BT

—— — o oy

STl TompPlETE

Drilling Dates ;1,/ /PS5 - a_/aa/xf

Packer

Driller & Company /73 PRLL Gap

Desiyn By //ﬁ/y ../:/7\5‘ Bentonite Pellets

é—'//

Hnle Diameter Bentonite Slurry

’H‘f ; §,s?ﬁ"f5

/
Total Depth 23 _ _Cement

i

- ¥ ,/ ~
Casing Diameter &/ Cravel

[ 20} ood o0
=l =Ne] C’Qo&

(_I_:asgill;' lv;w & Gavie

LEoLvE

fnzrt [n;'

X ® X
)ﬁx)c)(.&f_

Land Surface Flevation

Fanl K x
[ad ;.e-*y-

_ﬂ___,_‘_”_*-ﬂ'_' EMJ‘T@TEM i

Remark:s

LTTHOLOGY

OTHER

DEPTHS | COMPLETION MATERT AL 'l'llllll-i.‘i]i.‘:"] MATERTAL
(fr.) 'F.(,'.H':—_—] (fe.) ST7F oy
2 GaSof 1 L I MARE
/l ): ”):'x’;‘ &uﬂ‘nafb //
.’_. 2,:: E
.. _‘-: B&\KNTZ /
. o., a'- - Pp”a_?:( :3
S
' Y r
ol
o Oo
D"DDQ
0 oo o ’
== |Gmvel | 4
8O |nam o
95 |- =g
Sop|. T -4
A ’
oo =27 | Lercen g
Qo @Q -—: --:-
o 053 -
) R
o080z 5
. o m o
B 5’0 o =
Foky| k&
k 4| £ X
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SR SO S .
,fc;é, gj’,\ Caved /o
L« Lk ST e
k|l ¥
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MONTANA BUREAU OF MINES AND GEOLOGY WELL LOG

GROUND WATER DIVISION
7 Hole name _
County_C21latin Location: T._ 1S R.OF Sec. _131 Tract ABRDC ctmumbes . LE = 3
Hole location
Recorded Date hole Date hole Drilling 1
by HRM started _ﬂgs completed M DﬂaFL company MBMG
Total well ' Well " Casing diametex(s) "
depth (ft.) _1_3__..__... diameter(s) 6 and length(s) 4
Type g(()') ﬁ. gt::{ ((;ilxgk) @thc E. Wood cribbing Weight or gage Method——perfegmted Q. Igo ca.sén%tin hol:1
casing(s): . St v D. Openhole F. Other if of casin or screened: - B. Open bottom only
5 trpsily) 8 C. Sli,)ttad with Mill's knife
Interval—perforated e e D. Slotted with a torch
6.5 11.0°' E. Screened by’rpulh'ng casin
or screened: g - ¥ F. Other (specify)
s saw slot
Has or will well be test pumped? Yes No Wesre material samples mkeru?/ Yes! No Was 2 water sample(s) taken? Yes No

Remarks

DRILLING LOG

Estimated composition, %
Geological, drilling, and water conditions; remarks and sampling Gravel Sand
¢l £ vd e m| f|vlsilt| clz

From To

clay, black, very tight, organics

same as above

clay, sandy, black(peat) saturated x 4!

clay, light blue, very tight with peat stringers

peat, clayey

om ([~ oy fwn]|& (W

sand, clayey, light blue fine to coarse with peat stringers
10 gravel

b-'CO'--IO\U'I-D"bJO

0 | 13 | alternating sand (fine) and gravel




I

MHMG WiELL COMPLETLOMN DATA HYDROLOGY DIVISION

Project Other

—_—

Hole Number LEF-5

Blank Casing

Hole Location _ . Screen e
Drilling Dates 9/22/2y - 2 fanipc Packer ! ] \-—-—I
¥ L4 7 v
Driller & Company /YA MNE& Lap ::——:IA_‘
IR
Desipn By FAS MM . _Bentonite Pellets Ay
- 2 N 5555 5457
Hole Diamerer /2 Bentonite Slurry 3857 5 15 s

Toral Dept I ‘Ljf/ _ Lement ;;/ ; ; ;;é‘

[e] g 9 _¢co

Casing Diameter %’” Gravel ocb(pooooo
3 Ry . - * x

Casing Type & Gaue APE - /60 Catrings AL
. . . Kk ¥

Land Surface Elevation OtherZaeb Malewnl| 70 3e o

Remarks

DEPTHS| COMPLETION MATERTAL [ THTCKMNESY  MATERTAL LTTHOLOGY  OTHER
(Fr.) P, (rr.) ST7ZE DR

I -
oo 2] G| | MARE L

6.5

US - -

x
w5 %
K ¥ #
“ P




MINTANA BUREAU OF MINES AND GEOLOGY

WELL LOG GROUND WATER DIVISION
: Hole name
Counrr__G&_l_Jf.E}_“____ Location: T. 18 R. 6E Su,ﬂ__ Tract _wé_ or num! LF-6
Hole location
Recorded H,R . M. Date hole?? /2 Date hole 2 LALS. Drilling MB
by started _,.../_7__/85 cr.:m"lpleted__2_.{,__7___%5 Drillex _E..;!f_s’__ company MG
Total well Well 6" Casing diameter(s) 4"
depth (ft.) diametexr(s) and length(s) i
g«zf g.. gl::ll (blzt;k} PLuﬁch E. Wood cribbing Weight or gage 1 50 Method—petfﬁgmted g 1(‘4)0 casl:ngt in hd:ly
casing(s): . St 3 5 t F. Oth il ofcasing "~ or screened: ’ . Open botiom o
) G Qpericie entopecili) S e C. Slotted with Mill's knife
Interval—perforated D. Slotted with a torch
10'-11.5" E. Sc-reenedbylfpmrmgust
or screened: F. Qther (specify)
; saw slots
Has or will well be test pumped? Yes No Were material samples taken? Yes No Was a water sample(s) taken? Yes No
Remarks
DRILLING LOG " Estimated composition, %
From | To Geological, drilling, and water conditions; remarks and sampling Gravell Sand
el [ vd c| m| £vl]|sit|cl
0 1 Clay, black, very tight
1 2 Peat, clayey, very tight
2 3 Clay, silty, light blue, oxidized zones (Fe)
3 6 Sand, very coarse, light green to gray with médium gravels
throughout saturated A 3'-4"
6 8 Sand, very coarse, silty with gravels
81 9 No return — grinding (gravels)
9 | 10 No return - soft drilling (clay)
10 | 12 No return - grinding (gravels)
12 | 13 No return - soft drilling (clay)
13-} 18 Alternating sand and gravel




MAMG WELL COMPLETION |

AT A

HYDROLOGY DIVISION

Project

0 l:_he.\, r

Hole LF:ts

Numhor

Hole Location

Drilling Dates J_/J?/PJ"

= /AP

Rl :lnk Casing

n r‘l 0°n

—_— e = =

Packer

Driller & Company /P A3 me

(hu)

Dosign 0y £ A8 = A
¢

Hole Diameter

Total Depch

Wz
Lf V4

Casing Diameter

Casing Type & Cawge AE -/

Land Surface Flevation

Remarks

__an_t‘.nni Le

_Pelloes

Bentonite Slurry

Coment

'7///////

Giravel

0o © ‘-3 @ a
l=X¢] °g>°<9

( e [nyrs

x)ﬂ x)*ix)( )f‘((

i l)t]wr

DEPTHS| COMIMLETION
(Fr..) ) oT.c.
2| B

& ¥ FE
L= =

2

MATERTAGL
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Po D
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2p09?

'illllll
'lxl‘ 1
l.I’ lll

|I‘“

p !

12" 15%%

THTCHENES Y

(it.)

CMAFE

MATER AL
STZE op

LTTHDELOGY

OTHER




_ MONTANA BUREAU OF MINES AND GEOLOGY WELL LOG

GROUND WATER DIVISION
County_0311aEi0  Locaion:T.1 S R6 E  se. 31 Toct BABA  Gnumber  LF-6A
Hole location
Rocorded [ .R .M. Datehole 2 /2 Datehole 2/27/85 F.A.S. Drlling MBMG
by Bt started __.(....—”_85 completed _/_/_ Drller ___ company
Total well Well 6" Casing diameter(s) 4"
depth (ft.) diameter(s) and length(s)
Type of A. Steel (black) { C. )PLastic E. Wood cribbing Weight or gage 1 ¢ Method —perforated A, No casing in hole
casing(s):  B. Steel (gal.) D. Openhole F. Other (specify) of casing or screened: - B. Open bottom only
C. Slotted with Mill's knife
Interval—perforated D. Slotted m;)m a torch
1_ ' E. Screened by ing casir
or screened: 4.5'-7.0 F. Other (speci.ll;)
_ saw slot
Has or will well be test pumped? Yes No Were material samples aken@ No Was 2 water sample(s) taken? Yes No
Remarks
DRILLING LOG '_Estimated composition, %
From | To Geological, drilling, and water conditions; remarks and sampling Grav Sand_
cf f] vq cf m| f|vi|silt| cL
0 1 Clay, black, very tight
1 2 Peat, clayey, very tight
2 3 Clay, silty, light blue, oxidized zones (Fe)
3 6 Sand, very coarse, light green to gray with medium gravels
throughout, saturated & 3'-4'
6 8

Sand, very coarse, silty, with gravels




MBMG WELL COMPLETION DATA

HYDROLOGY

DIVISLON

Project

Hole Number LF-—QA

Blank Casing

Hole Location

Drilling Dates Q/gZ[ﬁS’ - Qﬁdgzjau"

Driller & Company /23,9 ¢;

Desipgn By ARM - FAS

__l!f{[:._tuni te Pellets

Hole Diameter C_:,”

Bentonite Slurry

/
Total Depth e

3 3 *
Casing Diameter &

Cazibue Type & Gaupe Y /€O

Land Surface Tlevation

Sttt by

OtherCuved MaTernl

Remarks

(Frne) | Tulbe
~ 2GS

|
DEPTIS | COMPLETION MATERTAL | THICKNESY LTTHOLOGY

9]
(ﬂf%s’.%
o

25" | L 9% Bmumenll

OTHER




MONTANA BUREAU OF MINES AND GEOLOGY WELL LOG GROUND WATER DIVISION

= 2 - Hole name
. County_Gallatin  pocation: T. 15 R O6E  sec. 31  Tract BAAD o numbez LE~7
Hole location
Recorded H,R.M. Datehole 2/27 /85 Date hole 2/27/85 F.A.8. Drilling MBMG
by gtarted _  completed ____ Driller ________ company
otal well 21 Well 6" Casing diameter(s) o
depth(ft.) _______ diameter(s) and length(s)
Type gczf A. gt::ll (black) Plastic E. Wood cribbing Weight or gage |40 Method—perfegmted g go caim% in hol:l
casing(s):  B. St . . Openhole F. Oth if ofcasing _ ~ " or screened: - B. Open bottom only
L) o frlmt) ) C. Slrc’)tted with Mill's knife
Interval—perforated A———— D. Slotted with a torcch
11.5'-12.5" E. Screenedbylrp ing casin
or screened: F. Other (specify)
saw slots
= ?
Has or will well be test pumped? Yes No Were material samples taken No Was a water sample(s) taken? Yes No
Remarks
DRILLING LOG " Estimated composition, %
From To

Geological, drilling, and water conditions; remarks and sampling Gravell 'Smd
¢| [| vd ¢| m| f|vl]silt] clor

Silt, clayey, light brown

Clay, light brown, salt stringers

Clay, black, very tight, peat stringers

Clay, black, very tight

| &l L[ —] O
| o] & W+

Clay, light brown, silty, very tight, oxidized stringers (Fe)

very moist

8 9 Same as above

9' 11 Gravel, sandy, very fine to fine, saturated
11 12 Clay, tight, with some gravels

12| 14 Gravels

14| 21 No return - grinding (gravels)




MBMG X WELL COMPLETLON DATA HYDROLOGY DIVISION

Project Other

Hole Number ) F-7 Blank Casing

Hole Location Screen

- e e . a. —

Drilling Dates C-3/y)/f8 ¢-2/27/#8  Packer

— e —

Driller & Company /W B /"] G Cap C—J
Desipn By  FA < — MM ___Bentonite Pellets '..‘:'-..'.'. “‘:""’
Hole Diameter & 7 Bentonite Slurry §§f§;5}}> j‘fc
Toral Depth QJ_I Coment /////////
Casing Diameter V” Giravel %oo%o‘;gg;
E‘:’l:ii_l‘.j{, Type & CGaupa /@_D PVC __ﬁ.____(.ji_’.t_t.lfiﬂﬁ, L i_f‘ 2 ol
Land Surfaee Llevation e ST fved Pl Temal : L
Remarks !o)er\-i_m}rc JA oﬁJSoMcﬂ Cooldnl Insip(l Certan hoor e:_M;_J\

DEPTIHS | COMPLETION MATERTAL | THICRNESY MATERTAL LITIOLOGY | OTHER
(Fe.);| T.E. (fe) STZY 0

I TS DU O IS ISR O 113




MONT 44A BUREAU OF MINES AND GEOLOGY WELL LOG GROUND WATER DIVISION
P Hole name
county_0211atin  oeent 15 R _OF  se 31 Tract BAAD  Grnumber _ LE-7A
Hole location
Recordsd 11, Date hole Date hole Drilling
by H.R.M. s 1 2/27/85 S latid 2/27/85 Driller F.A.S. Somipisy MBMG
Total well Well 1 Casing diametex(s) 2
depth (ft.) _,__1__]:_',_5_,___ dizmeter(s) 6 and length(s) 4
Type of) ﬁ. gt:ll (black) Plastic i E. Wood cribbing Weight or gage 140 Method—per:gntad . g gg caséngtin holne.l
casing(s): . St . . Openh F. Oth i f casin or screened: . Open bottom only
&) Open hole o (specily) BhASE ' C. Sibtted with Mill's knife
Intervai—perforated D. Slotted with a torch
8'-10.5" E. Screened by pulling casi
or acreened: ® F. Other (speci.fy)
s saw slots
Has or will well be test pumped? Yes No Were material samples taken? Yes ~ No Was 2 water sample(s) taken? Yes No
Remarks
DRILLING LOG Estimated composition, %
From | To Geological, drilling, and water conditions: remarks and sampling Gravell Sand
¢/ f] vd ¢ m| [vfisilt) c!
0 1 Silt, clayey, light brown
1 3 Clay, light browm, salt stringers
3 4 Clay, black, very tight, peat stringers
4 6 Clay, black, very tight
6 8 Clay, light brown, silty, very tight, oxidized stringers (Fe)
very moist
8 9 Same as above
9 11 Gravel, sandy, very fine to fine, saturated
11 | 115 Clay, tight, with some gravel
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Stiller and Associates, Inc
Consulting Hydrologists — CGeologists — Engiceers

MONTTCRING WELL 1OG

Bole Nane
State Montana Comnty Gallacin Project: Bozeman Landfill or Bumber: M4
Legal Descriptive
Iocatica: T 1S R €E Sec 30 Tract (DD  Iocatica: 185' MNW of LF-1

Date Bole 1415 Hrs.Date Bole 1200 Hrs. Joe ard Drilling
Becorded by: Dunlavy Started: 05/08/86 Completed: 05/10/86 Driller: Lawrence Company: Mahurir

Drill Drilling Pilot Hole Reared Hole
Method: Cable Tool  Fluids Used: City of Bozeman Vater Diameter: 6"  Diameter: 7.5"
Total Depth Total Depth Total Depth Diameter and 4" Flush-
Dcilled: 39.0' Reamed: 39.0' Cased Below GS.: 370' ‘Type of Casing: Threaded PVC
Weight or Gage Interval Perforated Target Packer Type and
of Casing: SGH 40 or Screened BelowG.S.: 27'-37' Aquifer:Tertiary Alluv. DepthBelow G.S.:N/
DORING INSTALIATION WAS: YES NO Hethod Perforated or Screened
Well Developed? x (Surge Bailer & ¥o casing in hole.
Rell Test Purped? X Hand Bailer) Cpen bottom caly.
Water Samples Taken? x Slotted with Mill's Knife.
Material Samples Takem? x Slotted with a torch (steel).
E-Logs? X Screered by pulling casing,
Saw cut (pve).

Static X Other (specify) 0.030" Factory Slot
Water Level: 27.4 (Fv) Date: - 05/10/86

20.6 (Ft) 05/14/86

Yeasuring Point MP Beight Above (+/-)
Description/Elevation: Top of PVC/901.0' (assume 1000 @ control well) or Below G.S.: (+).7"
Well Aooulus

Completion Descriptioa: 4" Flush Threaded PYC; 0.030" Perforations frem 27'-37'; Bottom Cap; 8-12
Mesh Colorado Silica Sand Pack 38'-23'; 1/4" Volclay Bentonite Pellets 23'-21'; Cuttings 21' to 2';

Bentonite Seal and Concrete Grout to Grourd Surface Stesl Well Protector with Lock,
Bemarks:

LRILIING AND LTTHEOGIC 1OG

Fram To DRIIIING I0G  Geological, Drilling, and Warer Cooditions and Sampling

0 2! Topsoil; dark brown to black, silty-clayey loam; organics.

2! 4! Silty sandy gravel; (70% gravel, 30% sand and silt); gravels moderately
rounded, up to 1.5, smaller gravels are subangular to subrounded, gravels
are limestone; poorly sorted, silt/sard matrix tan to orange.

. Ll'i 10[

Gravelly silty sand; (60% sand and silt, 40% gravel); less gravels than above,

hard drilling, a few thin beds of orange to tan clay; light brown to red
matrix.



10*

13!

28"

WELLLOG/ BOZEMAN

i

28'

39!

Sand and gravel; (sand 50%, gravel 50%); occasional thin beds of red
clay 1-3", drills hard, approximately 5 feet/hour.
predominantly dark gray to black limestone, mostl
quartz and chert grains, plenty of calcite,

dish-orange
Clasts are
y carbonates, occasional

Clayey sandy gravel, drills hard; core sample at 14.5', 100 blows/3" sample;
core recovered limestore clast 1" diameter, matrix of sandy clay, orange
tan, core sample at 20', 100 blows/8" sample, core - sandy gravel, litrle
clay, clasts 1/4" to 1/2' limestone gravels, matrix - dark orange brown
sand,

r

Sand and gravel (70% sand, 30% gravel) gravel up to 1", limestone gravels,

medium to fire sand, poorly sorted subrounded, dark brown to orange, core
sample at 25', 100 blows/3" sample.

CGravel; (80Z gravel, 20% sand); gravel up to 2" diameter, dark gray limestone,
medium to fine sand matrix, very hard drilling; caliche on clast surfaces,

very little silt and clay, Core sample at 30', 100 blows/4" sample;
recovered a few large gravels, no matrix,

Silty clay; tan to orange, fast easy drilling. Hole stays open, appears to
make water at 33', clay sticks to drill tool.

Bailed out tole with surge sand bailer before installation of PVC. 6" diameter
threaded steel casing was used,



VERTICAL SCALE: |"= 5.0FT

STEEL WEL
HORIZONTAL SCALE: NO SCALE PﬁOTECTORL

TOP CAP (LCOSE FIT)

LOCK

o CONCRETE GROUT
- - LI :
TOPSOIL THi
HL L _E 2| BENTONITE SEAL
L b
GRAVEL o ?EHD’O‘{ Po:, ;‘;‘: ;:
5 : B &'r@'t' “ M
ERRLRY A i
SILTY SAND {a'lq, SEdp 3: 7-7
WITH CLAY %0582 A D
STRINGERS ;{j}?,_","{ ) ;E
B LIER A
o SRGEEC NP
SAND AND  [i5255¢eY I Z
GRAVEL 0 7] 4 4" DIAMETER
077 970 ¢ 7;>FL.USH THREADED
; 4 SCHEDULE 40
& CORE SAMPLE A 6/=;: PVC
A0 . o A b
QLAYEY, 05 4 H
GRAVEL Y y 3
: ,':‘: ; A i
20 S a A
— CORE SAMPLE AL 20.6 Cd N SWL
o of _ A 5/14/86
LT AV 1 [
%-'D'c‘a'f’? % [| BENTONITE SEAL
SAND & srgalis 23—5 -
GRAVEL “5O 0o e i
[} 3 ".O .. :_0__ ] =
|25 CORE SAMPLE b5 5] ]
CE’O‘Q"’O ~. :L
G 20| 271 - . SWL
g ,=o°.f," ; e X 5/10/86
S o B—
: 7o W=l g&-12
|30 CORE SAMPLE .é&?f;% = MESH COLORADO
05 oCa: = l———1"7| SILICA SAND
GRAVEL 0009 s
SOME SAND |49°% 2 & d—
0. eQ, o 1
0 00S & -———tfg;vo.oso“ FACTORY SLOT
| 35’ /// i ¥ PERFORATIONS
SILTY ] = BOTTOM CAP
CLAY H———11 ASCREW ATTACH-
37 — [y MENT)
/ 38 _ || CUTTINGS
o 7 e i o
4
-

NOTE: NO PVC CEMENT USED.

BOZEMAN LANDE]LL
MONITORING WELL M-4 COMFLETION SCHEMATIC




APPENDIX E

CHLORIDE CONCENTRATION DATA AND GRAPHS
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APPENDIX F

DRINKING WATER QUALITY STANDARDS



TABLE F-1

DRINKING WATER QUALITY STANDARDS - UNITED STATES

The U.S Environmental Protection Agency’s National Primary Drinking Water

Regulations and National Secondary Drinking Water Regulations are summarized
in the following Tables:

National Primary Drinking Water Standards

! MCL
Constituent mg/L
INORGANICS . . . . . ... .. e e e e e e e

Arsenic {AS) + + v s 5 ¢ 3 o ® m @ §« 5 ® 0.05
Barium (Ba) « « s » 2 w & & « & o ' u & 5 & 10
Cadmium (Cd) . . . . . . . .. ... ... 0.01
Chromium (Cr) . . . . . . . . . . . . ... 0.05
FLOBYHER ©F) 5 s m v ¢ 5 s s @ w ¢ ¢ 5 & 4.0
Lead (Pb) « s » s s w s # s 2 @ 5 & 5 & & 0.05
Mercury (Hg) . . . . . . . . . . .. ... 0.002
Nitrate (as N) . . . . . . ... ... .. 10.0
Selenium (Se) . . . . . . . ... ... 0.01
Silver (Ag) . . . . . . . . . . . . ... 0.05
MICROBIOLOGICALS
COTITOPMS « o oo % 5 ¢ m wm % ¢ 5 © ® 1/100 mL
PHYSICAL CHARACTERISTICS
Turbiditys NIV & ¢ cov 5 w oo ¢ & 5 @ 1-5
ORGANICS
A 0.1
2,4,5-TP Silvex . . . . . . . . . v . .. 0.01
Bl - spe 2 b s BRmE® 2 BE 0.0002
Iindane o o & ¢ 5 5 5 52w £ £ 5 BB oW 8 0.004
Methoxychlor . . . . . . . . . . . .. .. 0.1
Toxaphene . . . . . . . . . .. ... ... 0.005
Total trihalomethanes . . . . . . . . . .. 0.10
RADIONUCLIDES
Beta particle and photon
AEtivity, mrem « 5 v w owow 5 5 s 4 (annual dose equivalent)
Gross alphas; pCifL 5 o & & 5 5 5 5 4 & & i 15
Radium-226 and 228, pCi/L . . . . . . . . . B
VOLATILE ORGANIC CHEMICALS
Benzene . . . . . . . .. .. ... 0.005
Carbon tetrachloride . . . ... .. ... 0.005
1,2-Dichloroethane . . . . . . . . .. .. 0.005
1,1-Dichloroethylene . . . . . . . . . .. 0.007
1,1,1-Trichloroethane . . . . . . . . . .. 0.20
para-Dichlorobenzene . . . . . . . . . .. 0.075
Trichloroethylene . . . . . . . . . . ... 0.005
VinyY chloride o o s + s » s % & 2 & & & 0.002

F-1



TABLE F-1 (Continued)

DRINKING WATER QUALITY STANDARDS - UNITED STATES

NATIONAL SECONDARY DRINKING WATER STANDARDS

SMCL
Constituent Level (mg/L
Chloride . . . . . . . . . v v v v v v v v .. 250
Color, color units . . . . . . . . . ... ... 15
Copper (Cu) . . . . . . . . . o o o o 1
Corvesivity + . « &« & 4+ 4 . Ve s e e a e e e Noncorrosive
Fluoride . . . . . . . . . . . . .. ... 2.0
Surfactants (MBAS) . . . .. ... .. ..... 0.5
Ivgn (Fe) « « & s » & » T 0.3
Manganese (Mn) . . . . . . . . . .. ... ... 0.05
Odor, threshold odor number . . . . . . . . . .. 3
PH, pH units . . . . . . . . . .. ... ..., 6.5-8.5
SWITHLE (50.) « v v ¢ ¢ sow w5 ¥ 5 5 @ % 4 & » 250
Total dissolved solids (TDS) . . . . . . . . .. 500
Zing UIn) < ¢ s 5 2 4 6 5 8 soomoom v o moom oo v 8 5.0

F-2



APPENDIX G

VELOCITY CALCULATIONS



VELOCITY CALCULATIONS
Bozeman Sanitary Landfill

Formula
V = Q/nA = Ki/n
vV = avera%e linear velocity
n = effective porosity
i = gradient
Assumed Values
Coarse sand Clay
nl = .39 nl = .45
K2 = 150 feet/day K2 = .00066 feet/day
Gradient
M-2 to LF-1

i = 16.7/10156 = .016

Velocity Calculations

Coarse sand Clay
V = 150%.016%/.39 v = .00066(.016)/.45
= 6.15 feet/day - 2.13 x 10-2 feet/day

1 priscoll, 1987
2 Johnson, 1967





