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1.0 Introduction

1.1 Background

Tailings material deposited in some parts of the Clark Fork River floodplain can
become saturated when groundwater elevations increase as river siage increases,
providing a potential load source of constituents of concern to the Clark Fork River.
The changes in shallow groundwater chemistry and the shallow groundwater gradient
and flow direction near the Clark Fork River must be quantified to determine if there is
any load of constituents of concern (arsenic, cadmium, copper, lead, and zinc)
associated with peak stage and high groundwater conditions during spring runoff and
snowmelt processes. Several monitor wells were installed within two small watersheds
along the Clark Fork River floodplain as part of the Governor’s Demonstration Project
Monitoring {Schafer & Associates, 1997). This report examines shallow groundwater
flux and shallow groundwater chemistry at the control and treated microwatersheds
during peak river stage and shallow groundwater elevations, and how they change
when river stage decreases to base flow levels.

1.2 Approach

The hydraulic properties of the soil, tailings, and aquifer materials were
examined along with changes in shallow groundwater chemistry. Hydraulic properties
of alluvium were determined using pumping tests, slug tests, and bore hole
permeameter tests. Groundwater samples were collected from shallow groundwater
monitoring wells and drive point piezometers completed at the Governor’s
Demonstration Project control and treated microwatersheds, located in the river
floodplain, during base flow and dunng the climbing limb, peak, and declining limb
portions of the river hydrograph.

The seasonal variation in groundwater chemistry and elevation was examined
at the Governor’s Demonstration Project conirol and treated microwatersheds,
depicted on Figure 1.1. The treated microwatershed was reclaimed by incorporating
lime using deep plow methods and revegetating. A detailed description of the
reclamation work can be found in the Final Report on the Clark Fork River Governor’s
Demonstration Project {1991). The control microwatershed has not been reclaimed.
Both watersheds have been instrumented to observe climatic conditions, measure
surface water run off, and measure changes in volumetric water content in the near
surface soil. Monitor wells and drive point piezometers have been installed to measure
groundwater elevation and to collect groundwater samples.

A large quantity of groundwater chemistry and hydrologic data were available at
the Governor’s Demonstration Project control and treated microwatersheds as a result
of aquifer testing and extensive water quality sampling. Therefore, the analysis of
potential changes in shallow groundwater chemistry and groundwater elevation in
response to spring peak hydrograph conditions was conducted at the two
microwatersheds. Detailed maps of the two microwatersheds, displaying monitor well,

Refuii47vphbiufimt.doc
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observation well, and drive point piezometer locations, are presented in Figures 1.2
andl.3.

The spring peak hydrograph is associated with water entering the Clark Fork
River from annual snowmelt processes and from precipitation during snow melt.
Changes in river stage and groundwater elevation associated from a single
precipitation event are not analyzed in this report.

Refu\147ypibiufipl.doc
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2.0 Hydrogeologic Conceptual Model

The majority of the tailings mapped in the floodplain {Schafer and Associates,
1988} are overbank deposits. A majority of these deposits formed during previous
flood events and are underlain by “point bar” deposits. Along the Clark Fork River the
upper point bar deposits have had one or more episodes of tailings deposits
representing historic flooding (Nimmick, 1990]. The topographic position of most
floodplain tailings deposits is in a well-drained location at least 1 to 4 feet above the
base flow groundwater elevation {Schafer and Associates, 1997].

Drill log and soil pit characterization indicated that the shallow groundwater
system could be separated into three layers (Figure 2.1} with distinct hydrologic and
scil properties. The top layer (layer 1} is generally tailings material, soil or a
combination of both and contains a large quantity of fine material. A sand and gravel
material with fines dominates the middle layer {layer 2). Layer 3 consists of clean
heaving sand or a cobble and gravel mix. The three-layer hydrologic/soil model
appeared to be pervasive in the shallow groundwater system in the Clark Fork River

floodplain.

The hydrologic boundaries of the shallow groundwater system, along with the
physical arrangement of layers, determine the groundwater flow rate and direction
(Figure 2.2). The three-layer shallow groundwater system is connected to the Clark
Fork River channel in a downgradient direction. The shallow groundwater system is
recharged laterally by regional groundwater at the edge of the package of alluvial
deposits paralleling the Clark Fork River. Finally, 2 small amount of groundwater
recharge may occur seasonally when water flows through the vadose zone. Changes
in the elevation of the Clark Fork River, and the rate of lateral and vertical recharge
will determine the shallow groundwater levels.

Seasonal changes in groundwater level will be caused by variations in river
stage. Because shallow groundwater and tailings in the variably saturated zone
contain higher metal concentrations than the permeable gravel layer, these changes in
groundwater elevation may induce changes in metal flux through the groundwater
pathway. The hydrochemical model for the Clark Fork alluvial groundwater system is
determined by the layer sequence within the shallow groundwater system, differences
in hydraulic conductivity, seasonal variation in head, and variable chemistry between
lavers. As a consequence of the hydrochemical model, the expected pattern of change
in metal flux due to variation in river stage can be predicted {Figure 2.3). If seasonal
variation in the hydrograph increases metal flux to the river, the highest metal
concentrations should be observed in layer 3 (gravels) during the falling imb of the

hydrograph.

Refuni47vphbiulimt doc
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Figure 2.1. Conceptual mode! of the three hydrologic/soil units.

ANBFULLRFT.DOC
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3.0 Methods

Aquifer characteristics were determined using a variety of methods, including
pumping tests, slug tests, and bore hole permeameter tests. The hydraulic gradient
and flow direction was determined by measuring water elevation in monitor wells and
drive point piezometers. Samples were collected from monitor wells and drive point
piezometers several times during the year to determine seasonal changes in shallow

groundwater chemistry.

3.1 Hydraulic Conductivity

Pumping tests and slug tests were used to determine the hydraulic
characteristics of conceptual model layers 2 and 3 and bore hole permeameter tests
were used to determine the near surface hydraulic properties, laver 1. Results of the
tests were used to characterize groundwater movement in the control and treated

sites.

A 48-hour constant-rate pumping test was completed at the control site during
the summer of 1996. The aquifer test was conducted with one pumping well,
seventeen observation wells, and five drive point piezometers. A detailed description of
the pumping test and analysis is provided by Schafer and Associates {1997a}.

Slug tests were performed on five observation wells at the control site {OBS-1B,
ORS-2B, OBS-3B, OBS-4B, and 0OBS-5) and 2 monitoring wells at the treated site
IMW-1A and MW-1B). Slug tests were completed and analyzed as described by
Schafer and Associates {(1997D).

A bore hole permeameter was used fo measure in situ saturated hydraulic
conductivity of the unsaturated tailings material (control site) and amended tailings
material {treated site) overlying the shallow alluvial aquifer material. Measurements
were completed at 0.6 and 1.3 feet at the control site and at 0.3, 1.0, and 1.7 feet at
the treated site. Gradient and Direction of Groundwater Flow

Static water levels were measured in each monitor well, observation well, and
drive point piezometer using an electronic water level probe. Measurements were
made to the nearest 0.01 feet, A level-line survey was conducted at each site prior to
static water level measurements. Combining the level-line survey with the static water
level measurements allowed the calculation of actual groundwater elevations in each
well and drive point. A staff gauge installed at each site allowed for direct comparison
between groundwater elevation and river stage.

3.2 Groundwater Chemistry

Shallow groundwater chemistry samples were collected from select monitor
wells, ohservatian. wells, and drive point piezometers during base flow and during the
climbing Limb, peak, and declining imb of the river and shallow groundwater spring
hydrograph.  Samples were collected in accordance with Standard Operating

Ref.u T4 vpibiulirpl doc
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Procedurss (CFR SOP). Drive point piezometers had 2 feet of well screen and were
installed so that the top of the well screen would be approximately level with the
groundwater surface. Both 2-inch and 1%-inch diameter drive points were installed.
The analytical results of samples collected from drive point piezometers were for
observing trends in groundwater chemistry only, since drive points were not installed
using the same protocols as monitor wells, outlined in the CFR S3I SOP.

—y a
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4.0 Results and Discussion

4.1 Hydrostratigraphic Uniis

Drill logs from the installation of monitor wells, observation wells, and suction
lysimeters were used to describe the hydrostratigraphic units of the shallow
groundwater system in the Clark Fork River floodplain. In addition, observations
made inn soil pits were also utilized.

4.1.1 Control Microwatershed

Drill logs indicated that the shallow alluvial groundwater system included three
distinct hydrologic/soil units {i.e. layers}, each with distinct hydrologic and soil
properties. The top unit, or layer, is comprised primarily of tailings material. This
Iayer was only partially and seasonally saturated at the control site, with saturated
conditions cccurring only at bottom of the unit. The control site did not have a well
developed buried socil beneath the tailings material, which was dissimilar to most
observed soil profiles in the CFR flecodplain where tailings are present. The second
layer consisted of a sand and gravel mix with fines, and often the top portion of the
layer was not saturated. The third layer was dominated by clean heaving sand and in
some areas was a gravel and cobble mix.

4.1.2 Treated Microwatershed

Drill logs from monitor well and suction lysimeter installation indicated three
distinct hydrologic/soil units also exist at the treated microwatershed. The top layer
consisted of approximately 1 to 3 feet of amended tailings mixed with natural soil
through plowing. The bottom portion of the amended tailings and soil was generally
only saturated seasonally. Layer 2 and 3 material was similar to that observed at the
control site and described in the conceptual hydrologic/soil model. The
microwatershed had been revegetated with grasses

The upper layer at the control and treated microwatersheds are similar.
However, the materials at the treated site were plowed when lime was incorporated,
creating a homogeneous material.

The three layer system observed at the control and treated sites is similar to the
description of sediment units presented in Brooks, (1988). Layer 3 (clean heaving
sand and Gravel and Cobble mix} is similar to the Brooks gravel and boulder aquifer
material and layer 2 (sand and gravel with fines) is similar to the coarse quartz sand
with dark fines and gravel described by Brooks. Layer 1 (tailings material)
incorporates the top three sediment units outlined by Brooks as tailings, transition
unit, and cohesive silt. The transition unit and cohesive silt are discontinuous and
thin, where present at the control site. The unit described by Brooks as topsoil is not

present at the control site.

Ref.u\i4fptibfulirot. doc
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4.2 Hydraulic Characteristics

The shallow groundwater system in the Clark Fork River floodplain was
characterized with a combination of pumping tesis, shug tests, and bore hole
permeameter tests.

4.2.1 Conirol Microwatershed

Results of bore hole permeameter testing at the control site indicate that the
tailings material has a hydraulic conductivity of approximately 1x10-° feet per min
(ft/min}. The bore hole permeameter tests conducted at the control site are described
by ARCO (1997a). The average hydraulic conductivity of layer 2, the sand and gravel
with fines, was 7.5x10- ft /min and was estimated with slug tests using wells OBS-1B,
OBS-2B, OBS-3B, and OBS-4B. The observation wells were completed from 2.2 to 4.2
feet below the ground surface. Results of slug tests completed at the control site are
described by ARCO {1997b). An analysis of the pumping test results completed at the
control site indicates that the hydraulic conductivity of the clean sands and gravel and
cobble mix averages approximately 4x10-1 ft/min. Additional pumping test analysis
and the semi-confined conditions observed suggest that vertical hydraulic conductivity
is two to tree orders of magnitude less than horizontal hydraulic conductivity (ARCO,

19972).

4.2.2 Treated Microwatershed

Results from tests completed at the treated site indicate that the hydraulic
conductivity of the amended tailings material increases below a depth of
approximately 12 inches, with values at 4, 12, and 20 inches of 8.5x105, 6.5x10-5, and
7.1x10-4 ft /min, respectively. Results of bore hole permeameter tests conducted at the
treated site are presented in Appendix A. Slug tests completed in monitor wells MW-
1A and MW-1B indicate the average hydraulic conductivity of layer 2, sand and gravel
with fines, was 3.5x1072 ft/min. Monitor wells MW-1A and MW-1B were completed
between 5 and 10 feet below the ground surface. Data describing the results of slug
tests conducted at the treated site are presented in Appendix A.

The amended and revegetated tailings material at the treated microwatershed
have somewhat different hydraulic properties than tailings material at the control
microwatershed. The amendment process, which mixed the materials, and roots from
vegetation appear to slightly increase hydraulic conductivity of the material and create
a relatively homogenous material which should have similar vertical and horizontal
hydraulic conductivity. The vertical hydraulic conductivity of the fluvially deposited
tailings material, at the control site, and the fluvially deposited layer 2 and 3 material
at both sites is significantly less than horizontal hydraulic conductivity.

The three-layer hydrologic conceptual model appears to accurately describe the
hydrologic characteristics estimated at the control and treated microwatersheds.
Overall, data from aquifer testing suggests that hydraulic conductivity increases with
depth, and that vertical groundwater flux is not significant when compared to
horizontal groundwater flux.

Ref.ui47vptbfullrpt. doc
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4.3 Groundwater Fiow and Direction

Water level measurements were collected from monitor wells MW-1A and MW-
iB at the treated site and from MW-2A and MW-2B during quarterly sampling since
1994, Figures 4.1 and 4.2 display changes in groundwater elevation and river stage,
measured at the United States Geological Survey gauging station located at the
Perkins Lane Bridge (Clark fork River at Galen), during the period of record for the
treated and control microwatersheds, respectively. The figures represent absclute
groundwater elevation, with the control site located downstream and the treated site
located upsiream of the gauging station.

The figures indicate that the shallow groundwater system m the Clark Fork
River floodplain responds quickly to changes in river stage.

In general, groundwater elevations respond quickly to changes in river stage.
Groundwater flow at the control and treated microwatersheds is towards the Clark
Fork River. The direction of groundwater flow and the general gradient of the shallow
groundwater system in the Clark Fork River flood plain do not change significantly
when river stage and groundwater elevation change.

In order to more precisely detail changes in the shallow groundwater elevation,
in response to changes in the peak stage hydrograph, additional static water level
measurements were collected at the control and treated sites during sample collection
on 17 May 1997, 31 July 1987, and 21 August 1997. Measurements were also
collected on 24 September, 1997 during base river flow conditions at the control site.

4.3.1 Control Microwatershed

Exhibit A displays the potentiometric surface during base flow conditions (24
September 1996} and during the declining limb of the peak hydrograph on 31 July
1987 and 21 August 1997 The figures indicate that groundwater flow direction and
gradient do not change significantly as river stage and groundwater elevation changes.

Neutron probe and depth to water measurements collected at the control site
indicate that the depth to water is less than 0.5 {t below the ground surface, with the
volumetric water content of the tailings material ranging from 30% to 33%,
approximately the effective saturation point. The tailings material is capable of
moving water vertically through capillary action, creating near saturated material
conditions near the surface. Water moves up towards the surface to replace water lost
to evaporation, often leaving a salt precipitate at the surface. Changes in water level
and soil moisture are displaved in cross section Exhibit C.

4.3.2 Treated Microwatershed

Exhibit B displays the potentiometric surface during base flow conditions (28
Gcetober 1996} and during the declining portion of the hydrograph (31 July 1997 and
21 August 1997). Agam, the figures indicate that groundwater flow direction and

Refu\147vpibfuiirpt doc
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gradient do not change significantly when river stage and groundwater elevation
change.

The water level at the treated site is approximately 2 feet below the ground
surface on 31 July 1997 and approximately 3 feet below the ground surface on 21
August 1997, in the sand and gravel material with fines. The sand and gravel with
fines material does not have the strong capillary action of the tailings material and
neutron probe measurements indicate that soil moisture in the amended tailings
material does not significantly change and is not at saturated levels. Changes in
water level and soil moisture are displayed in cross section, Exhibit D.

Governor's Demonstration Project
Treated Microwatershed
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Figure 4.1. Groundwater elevation at the Governor’s Demonstration Project
treated microwatershed and river stage at the Clark Fork River near
Galen USGS gauging station.
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Governor's Demonsiration Project
Control Microwatershed
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Figure 4.2. Groundwater elevation at the Governor’s Demonstration Project
control microwatershed and river stage at the Clark Fork River near
Galen USGS gauging station.

4.4 Groundwater chemistry Characterization

Concentrations of arsenic, copper, and zinc have been monitored at monitor
wells MW-1A and MW-1B at the treated microwatershed and MW-2A and MW-2B and
the control microwatershed since 1994, with Figures 4.3 through 4.5 displaying
changes in concentration. Many values were below detection and a relative change in
concentration displayed in the figures were often caused by changes in the detection
limit. Recent sampling has also included cadmium and lead. Groundwater chemistry
data are presented in Appendix B, with concentrations of constituents of concern
presented in Table 4.1. All lead values were below the detection limit for wells MW-1A,
MW-1B, MW-2A, and MW-2B and only 2 cadmium values above the detection limit
were available, wells MW-1A and MW-2A, and are presented in Table 4.1.

There does not appear to be a significant correlation between the
concentrations of constituents of concern and groundwater elevation. Generally, only
small changes in chemistry were observed. Downgradient wells had higher copper and
zinc than upgradient wells at the control site. At the fested site, zinc and possibly
arsenic were higher in downgradient wells.

Rety\147vplbiufimpt doc
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In general, no significant change in concentration was observed with changes in
river stage. Arsenic, copper, and zinc values were significantly greater at the control
microwatershed at all portions levels of river stage.

Arsenic Concentrations

% MW-1A (Treated
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b ® % & K Upgradient)
b % ®
S 0.002 X
January-94  January-85 January-96 January-97 January-98
Date

Figure 4.3. Arsenic concentrations at Governor’s Demonstration Project treated
and control microwatersheds for the period of record.

Copper Concentrations

0.45
o A & MW-1A (Treated
g 03 o A Downgradient)
E 030 A LA ® MW-1B (Treated
5 025 - L e R Upgradient)
% . AMW-2A (Control
S 018 & S X MW-28 (Control
5 X . Ungradient)

X X
005 - T w S é & : e ig
000 — ¢ & e e & o

January-94  January-95  January-96  January-87  January-98
Date

Figure 4.4. Copper concentrations at Governor’s Demonstration Project treated
and control microwatersheds for the period of record.
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Zinc Concentrations

1.20
A .

1.00 & MW-1A (Treated
g Downgradient)
E 080 e 5  ® MW-1B (Treated
3 - Upgradient;
s 080 oo S A MW.ZA (Control
"2 @ © Downgradient)
L3 A X
s * ° @ A * A’ Upgradient)

® X
0.00 « o § & X &
January-94 January-85 January-96 January-97 January-98

Date

Figure 4.5. Zinc concentrations at Governor’s Demonstration Project treated
and control microwatersheds for the period of record.
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Table 4.1. Concentrations of constituents of concern for monitor wells MW-14,
MW-1B, MW-24A, and MW.-2B.

| 52394 | 0.006 0.16 D
MW-1A 10/26/94 | 0.011 0.05 048 U
MW-1A 5/24/95 | 0.007 0.04 034 U
MW-1A 11/8/95 | 0.007 U 004 U 034 U
IMW-1A 5/21/96 | 0.007 0.04 0.35 DU
(Mw-1A 10/28/96 | 0.007 U 004 U 035 DU
MW-1A 7131097 | 0.006 0.0013 0.034 0.002 B 0272
MW-1A 8/21/97 | 0.008 0.001 0.05 001 B 028
MW-18 5/23/94 | 0.005 B 0.05 0.35
MW-18 10/26/94 | 0.005 B 001 B 008 U

W-18 5/24/95 | 0005 B 001 B 001 BU
MW-1B 11/8/05 | 0.005 BU 001 BU 002 U
MW-18 5/21/96 | 0.005 B 001 B 002 DU
MW-18 10/28/96 | 0.005 B.U 001 BU 002 U
MW-18B 7/31/97 | 0.003 0000 B 0001 B 0002 B 0023
MW-18 8/21/87 | 0005 B 0001 B 00t B 001 B 001 B
MVW-2A 5/23/94 | 0.006 0.42 1.11
MW-2A 10/26/94 | 0.006 0.02 085 U

W-2A 5/24/95 | 0.005 B 0.26 037 U
MW-2A 11/8/95 | 0006 U 028 U 036 U
MW-2A 5/21/96 | 0.005 0.252 034 DU
MW-2A 10/28/96 | 0.005 BU 032 U 037 U
MW-2A 7131167 | 0.004 0.0024 0.318 0002 B  0.351

W-2A 8721/97 | 0005 B 0003 0.37 001 B 044
MW-28 5/23/94 | 0.005 B 0.12 0.19
MW-2B 10/26/94 | 0.005 B 0.05 022 U
MW-28 5/24/95 | 0.005 B 0.07 008 U
MW-2B 11/8/95 | 0.005 BU 0068 U 0.08 U
MW-28 5/21/96 | 0.005 B 0.08 0.07 DU
MW-2B 5/7/97 100026 B 0003 B 0072 0.001 B  0.0547
MW-2B 10/28/96 | 0.005 B.U 007 U 006 U
MW-28 713197 | 0.002 0.003 0.089 0002 B 0058
MW-28 8/21/97 | 0005 B 0001 B 006 001 B 005

B = Constituent conceniration below detection.
U = Constituent concentration undefendable, spike standard analysis out o range,
D = Reiative percent difference > 25% for duplicate sampie analysis.
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5.0 Conclusion

The shallow groundwater system in the Clark Fork River floodplain is
dominated by three distinct hydrologic/soil units. The upper unit {layer 1} is primarily
tailings, soil, or a mixture of tailings material and soil. The middle layer is primarily
sand and gravel with fines, and layer 3 is a clean heaving sand or a gravel and cobble
mix.

Analysis of the aquifer test results and the semi-confined conditions observed
during aquifer testing suggest that vertical hydraulic conductivity is two to three
orders of magnitude less than horizontal hydraulic conductivity, indicating that the
flux of water from tailings material to the underlying shallow groundwater system is
not significant when compared to horizontal shallow groundwater flux. The hydraulic
conductivity increases at deeper depths, with layer 1 having significantly lower
hydraulic conductivity than layer 2, and layer 2 having significantly lower hydraulic
conductivity than layer 3.

Groundwater elevations vectors, near the river, indicate that groundwater flows
downriver {North) with a component of flow towards the Clark Fork River. The shallow
groundwater flow direction and gradient does not change significantly when the
shallow groundwater elevations change in response to changes in river stage.
Groundwater gradients generally reflect the river gradient.

Samples collected from shallow groundwater monitor wells suggest that
concentrations of constituents of concern are not affected by changes in river stage
and groundwater elevation. Downgradient wells had higher copper and zinc at the
control and zinc at the treated microwatershed than did upgradient wells.
Concentrations of copper are greater downgradient of the treated site during all
portions of the river hydrograph.

Since groundwater gradients and groundwater flux do not increase and since
concentrations of constituents of concern do not appear to increase when river stage
and groundwater elevation increase during spring peak flow conditions, no significant
increase in load is expected, due to changes in river stage. Therefore, load of
constituents of concern during high flow conditions is expected to be similar to those
estimated during base flow conditions at either the control or treated microwatershed.
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Bank Full Storage - Governor's Demonstration Project
Groundwater Elevation

10/28/197

Well No 517197 8/1/97 8/24/97
SITE 1 - TREATED MICROWATERSHED

MW-1A 4763.80 - 4764.53 4764.02
MW-1B 4763.90 - 4764.98 4764.38
DP-1A - 4764.99 4764 51
DP-1BR - 4764.72 4764.19
DP-1C - 4764.76 4764 44
Staff Gauge - 4765.40 4764.90

Well No 9/24/96 5/17/97 8/1/97 8121197

SITE 2 - UNTREATED MICROWATERSHED

MW-2A 4747.00 - 4748.33 4747.98
MW-2B 4747 40 474927 - 4748.44
OBS-1A - - - 474972
OBS-1B 4746 .81 - 4748.22 4747.73
OBS-1C 4746.78 - 4748.24 4747.72
OBS-2A 4747 .20 - - -
OBS-2B 4747 19 474965 4748.48 4748.19
OBS-2C 4747 .16 - 4748.45 4748.16
OBS-3A 4747.22 - - -
OBS-3B 4747 21 4749.68 4748.49 4748.22
OBS-3C 474722 4749.16 4748.49 4748.24
OBS-4A - - - -
OBS-4B 4747.26 4749.22 4748.49 474825
OBS-4C 4747 .25 - - -
OBS-5 4747.22 - 4748.50 4748.25
OBS-6 4747.22 - 4748.48 4748.24
PW-1 A747.19 - 4748.45 4748.23
DP-1 4746.71 - - -
DP-2 4746.71 - - -
DP-3 4746.69 - - -
DP-4 474723 - A748.44 4748.25
DP-5 - - 4748.58 4748.25
Staff Gauge  4746.70 - 4747 84 47486.73




GP FIELD DATA
Date ?79i/§7

SHEET
O LENE

Investigator

SECTION 2:

STANDARDIZED PROCEDURE

FOR PERMEAMETER READINGS

Reservolr Constanis:

{Se2e iasbel on Permeamier)}

Depth of Well Hole

AND CALCULATIONS

ol
—

Combined Reservoirs X cm? Note: In standardized procedure the radius
inner Reservoir v cm? of the well hole is always 3.0 om
; |
izt 3ei of Readings with height Znd 5et ol Readings with height .,;{" o
el water in well (H:) set at 5 om of water in wel! {Hz) set at 10 cm . %, 0
( z ?-g = Su;"wﬁ ( z Zg = o - A
= = e Uz E = L o=
g2y | | s | B g | oy | I oes | BB
Eir3 S7EETT g.50 ST AT
/) Vel o il | — [ lpmsz| - 2.3ci
4 A7 7z Gooo | /.90 | Z.4/5 Z (£ 1 = . =nl 0¥ 5.720
S 185 | 2z 435 |s3siz.a7a] S 18] 7z 18- zolo. sl 0.2
& e/l 7 (/020 1585 |v. 9280 4 iS58 Z G, e | 5.8 5. A
= lwz8 2 {22301 &./0|3-05 £ 1900t 2 5.30 {-o-s%5| ozt
G sFaze | & 12670 | )5 4o | 3.08 R iG:05 1 & £0-70) 1.6 | 037
7 14£:33 | = s5¥.00| 5301z 06 7 i9:00 1 5 2.9 z.co | 0 <0
8 gzl < 18741849 |z.08 g P35t s 149 | zool o 4o
= 43 & < fireol 5 265051 /90 5, 38
A5
o)
\ o % 4
' EESET Yo 17 SO ST ST FEESERVE  CONSTRNT
z./5 CALCULAT IONS E5ed
=R + the steady state rate of flow, is achieved when R is the same in three Consecutive time intervals.
For the lst Set of Readings R, = ( 3-025 Y/60 = _o.0572 cm/sec
For the 2Znd Set of Readings K, = (& 323 V/60 = 0. 0856/ sec
GoabS v
K. = [(, 0041) (2e.0/ ) (OF=T 1 - [(.0058) (205 Y oosiz )] = 5640 cmlsec
FIELD SATERATED RESERYGIR ﬁ; STEADY STATE RESER!{J!R Ry L3TEADY STATE
HYDRAULIC CENSTANT RATE OF FLow TONSTANT RATE OF FLOW
CONDUCTSYETY
b, =10.0572){_245 Y{o.osz )] -[(. 023?)(356‘/ R4 1] = cm?/sec
| MATRIC FLUX RESERYOIR B; STEADY STATE RESERYQIR ﬁé‘sTE.MJY STATE
: FOTENT 1AL CONSTAMT RATE OF Flow CONSTANT RATE OF FLOW
a  ={ 3 ) = cm't
EALFHA PARAVETER Ky, g
‘ : ESTIMATED ! | cHECK
- - Y = 3 3
48 ={ )| ) em? /em? e plig
| DELTA THETA 3, LFIELD SATURATED i, AMDIENT WATER CONTENT
: WATER QOMTENT OF 504L, BN O fOM QF SCIL, N Q8 fOW
S = +2¢ ) ) = om sec V2
SCREYIVITY a0 e .




&P FIELD DATA SHEET SECTION 2:

Ea te 9'?/33/?7 Investigator
eservoir Constants:

STANDARDIZED PROCEDURE
FOR PERMEAMETER READINGS
AND CALCULATIONS

Depth of Well Hoiem#'ﬁ__d

T EhE

{5ee lzbel on Permecamizr}

| cHECK

Combined Keservoirs X B5. 64 cm? | RESERVOIR Note: In standardized procedure the radius
Inner Reservoir v =15 om? )‘ USED of the well hele i3 always 3.9 om
EFE TS ’ TP
Ist 5et of Readings with height /R s o88:ifY Znd Set of Readings with heighi A
wi water im well (Hq} sep at 5 o D LI ACFUAL of water in well {Ha) set at 10 om R T
- = 4 = =
z £3 25,1 Ees z z3 43 Bz
2y 'R ; gy £ g%é £ y ; g §§ %g
EH z g 4z el 5°3 23 = H 55 =5 5°8
i of | gz | B2 | g af | gz | £ | e8]
cE 59 = L £z 58 2 25
#STB L STERT 16 13| STAREF
4 /533 2 2ol — / fo i iS5 Z =y ko=
Z |50 38 = 22481 /28 o.é‘/ = Sl 2 17 Z 9720 2.301 /5
S 537 2 1 38.621 /. /Y] 0.57 3 169 2 |rZicoiz2o]| 135
L Asiz9] 2 lepus]| s8] o0.89 S N2/ 2 .78 =78 /.33
S o sste/) 2 Vg /o) 0.73 5 ip:zzl =z lz3s5lz.67) .29
. = _
¢ [SI¥L ) = | Heap| F.94 1 0,79 & /628l S 1z3.96] .55 /.3]
2 lssisi) s | 4%.801 #.c0]o-80 7146331 5 3064 L. 74 135
8 lwist| & |s%.c0] «20|0 84 g 16:38| 5= |22536.851/.38
7 ol S 1=sBrol oi0lo.82 2 Ve 43| 5 144.5004.97 /-39
20_|s5i67| 5T | &2.50 4. 40]0-8B Lo Vbl 57 s/ 2. 9571 7.3F
J o y,
K CALCULAT IONS

s the steady state rate of flow, is achieved when R is the same in three conseculive time Ilhtervals.

or the 1st Set of Readings R, = {__0. 83 )/60 =2.0/38 cm/sec
By

or the 2nd Set of Readings R, = (_/-37 )/60 =0:023 cm/sec
Ry

Y{8-0/38 )] qy”’acmlsec

" K. ={(. 0041) ¢ 245 I.0.023/)] - [(.0056) (_2./5
ELD SATURATED RESERYOIR R, -3TEZADY STATE RESERVOIR Ry .STEADY STATE
HYDRAULIC CONSTANT RATE OF FLOW CONSTANT RATE OF FLOW
ONDLCT EYITY
$, =1(.0572)( 2785 (c.0.32 )] -[L. 3237)( z./5 V{00231 = 52000 cm? ] sec
TRIC FLidt RESERYOIR B, STEADY STATE RESERVOIR By STEADY STATE
F’o‘rmm TONSTANT RATE OF FLOW CONSTANT RATE OF FLOW
= -
. = (t{.y/xm )j(g.zo;amq‘) = €. 0835 cmt
FHA PARAMVETER %, Bn
ESTIMATED CHECK
- - = 3 3
a8 ={ 3= ) em® / cm MEASURED ONE
HELTA THETA 13, ,FIELD SATURATEDR ¥, AMDEIENT WATER CONTENT
WATER CONTENT OF 504L, IN @M fom OF SOIL, IN Mt oM
5 =2 3 ) o= cm sec V2
IORPTIVITY EH L




3P FIELD DATA SHEET SECTION 2: STANDARDIZED PROCEDURE

/ / Lo FOR PERMEAMETER READINGS
date '?}3}’ oz Investigator__/ zR= : AND CALCULATIONS
leservolr Constants:{Sce iabel on Permeamtar}

- - =1 ™) Depth of Well Hole__ /2 4w
Combined Reservoirs X fod (0c om . gg?gﬁvgig Mate: In siandardized precedure the radius
Enner Reservoir e <{m€ Lo rm? ﬁ USED ef the well hole ls always 3.0 on

” g - 2 1
ist 3¢t o#f Readings with helight Znd Set of Readings with height f‘; A
of water in well {Hy) set af 5 om ol water in well {Ha)} set at 10 em %, SR
’ z 2g e o ) 4 z 23 - oo 3
= il brrd » =0z »ﬁ = ;”4 Eu&&.
g |y | 2 g | B i g |y | S g | B 5
5% z g 23 o4 598 23 z g &5 =y | 898
g3 W e %5 ;‘.’g Wi ¥7 al w gé 2™
2% H £ 354 ZE £h 5 354
ey =7ALT gt | /70 30 ST
L Vorsol Z .30 | —— ’ /P32l 2 JO 4O | et
Z 9 z [o0.10] .80} 2-¥0 P (71841 7 0.0 | 0-50| o.25
3 |/Zof]l 2 1m0l so0l 250 & i17:361 2 i3 ls.vp 0. 20
¥ 1j7:031 = zob3l 553 7ons i (7361 7 N 8o | S50 0-Z25
< oSl 7 iZ6.c0] 5.37|2.085 5 70l 7 V2ws ool olzg
] +=
G /70| & 139.30]13.30| 266 NG V7| s 340l 20 | 0.2
w Vizysl < 1529 | /3.60| 2. 72 7 lyzsol = ntieolszozo | 024
8 1/7:%0] 3 1665 /3.5 223 & VnsBl o sl /0l o2
S /728l & 7 oo | £ |lo-8ol /0] ©.22
_ , . J
e CodSTANT T /5 CALCULAT IONS Ce2L Cor'Siatr S5 6Y ‘

» the steady state rate of flow, is achieved when R is the same in three consecutive time intervals.

(2:725_)/60 = 0.0¢5¢ cm/sec

‘or the 2nd Set of Readings K, = (_0:22 )/60 =0.c0383 cm/sec
Ry

i

‘'or the lst Set of Readings K,

Ko = [(.0081)¢ 3564 Y e.e0283)] - [(.0058) (L2085 ) (C.045Y )] = 3258/ /G sec

ELD SATERATED RESERVOIR Rz =3TEADY 3ITATE RESERIOIR By .STEADY STATE
HYDRAUL 1C CONSTANT RATE OF FLOW CONSTANT AATE OF FLOW
BONCUCT IVITY
b = L0572)( 245 ) (cowsd )] - L. 0237}{3'5 N ) (0-c0383 )] =2, 3zfgxfocmzjsec
MATRIC FLUR RESERYGIR H; $STEARY STATE RESERYQER Ry STEADY STATE
! POTENTIAL CONSTANT HATE OF FLOW CONSTANY HATE OF FLOW

o ={3.22xd5) [ (2:3482:55) = 0- 37

PHA PARAVETER 6 L
|
ESTIMATED CHECK
A ={ )-{ ) = em? fem® s ONE
DELTA THETA i, ,FIZLD SATLRATED i, AVBIENT WATER CONTEMY
WATER CONTENT OF 304L, IM o JOM OF S0IL, 1M O M
5 = +2( 3 ) = cm sec™?

SORPTIYIVY R AB [ T »




Schafer and Associates

stug/ball test analysis

Page 1

. o
883 Technology Blvd HYORSLEV's method Project ARGO Clark Fork River
Bozaman, MT
{408) 388-5192 Evatuated by: TM | Dale:
Slug Test No. 1 Tast conducted on: 7/31/87
MW-1A
1 imin]
0 0 g 0 o it 0 G 0 0
0 T ;
10 N
N
o\ -
\\\ &
N o
2
= 101 \\0
Y
N
\\
[
102

o Well 1A - Test 1

Hydraukic conductivity [ftYmin} 5.72 x 1072




SBchafer and Associates
888 Technology Bivd

Bozeman, MT
{408) 388-5182

siug/bail test analysis
HVORSLEV's method

Page 2

Project ARCO Clark Fork River

Evaiuated by: TM

Date:

Slug Test No. 1 Test conducted on: 7/31/87
MW-1A Wall 1A - Test 1
Static water level: 7.78 ft below datum
Pumping test duration Water level Change in
Waterlevel
[min] I Ift]
1 0.00 851 085
2 0.02 8.32 058
3 0.03 8.26 0.50
4 005 8.20 044
5 0.07 BZ6 0.50
8 0.08 7.94 0.18
7 0.70 7.84 0.08
8 0.12 7.80 G.04
g KK 778 0.03
10 015 777 0.01
11 017 707 0.01
12 0.18 7.76 0.00
13 020 7.76 0.00
14 0.22 776 0.00
15 0723 776 0.00
18 0.25 7.76 0.00




Bchafer and Associates
885 Technology Bivd

Hozaman, MT

slug/oail test analysis

Fage 1

MVORELEY's method

Project: ARCO Clark Fork River

{406) 388-5192 Evaluated by: TM | Date:
Siug Test No. 2 Test conducted on: 7/31/97
MW-1A
{ fmin]
g 0 4 g 0 0 0 o G ]
oo T
10 :
I
¥
\\
2
= 101 \
\
\\c

1072
o Well 1A - Test 2

Hydraulic conductivity [f/min]: 8.38 x 102




Schater and Associates
865 Technology Bivd
Bozeman, #MT

{408) 388-5182

slug/bail test analysis Page 2

HVORSLEY's method

roject: ARCO Clark Fork River

Evaiuated by: TM

Date:

Slug Testho. 2

Test conducted on: ¥/31/97

MVW-1A Well 1A -Test 2
Static water ievel: 7.75 #t below datum
Pumping test duration Water lavel Change in
Waterlevel
[min] i it

.00 8.68 0.92

Z 0.0z 847 0.65
3 0.03 B.46 0.70
4 0.05 8.38 0.62
5 0.07 8.04 0.28
5] 0.08 7.88 0.2
7 A0 7.82 .06
8 .12 7.87 0.05
9 013 7.79 0.03
10 0.15 779 0.03
11 0.17 7.79 6.03
12 0.18 7.79 0.03
13 0.20 7.78 0.02
14 022 7.79 0.G3
15 0.23 779 0.03
18 0.25 7.79 0.03
17 0.27 779 003
18 0.28 7.79 0.03
18 0.30 7.79 0.03
20 0.32 7.79 0.03
21 0.33 7.79 0.03




Schafer and Associates
865 Technology Bivd
Boreman, MT

{406) 388-5102

stug/ball test analysis

Page 1

HYVORESLEV's method

Project ARCO Clark Fork River

Evalugted by: TM | Date:

Slug Test No, 3

Tast conducted on:

713197

MW-1A
t Imin}
G Iy g ] 4] 4] o 0 0 O
H
10 \\
Y
\\
B\
: \\ c
A
g 10-1 %
= ‘\
N
BN
N
\\
102 \

- Well 1A~ Test 3

Hydraulic conductivity [fymin}: 6.19 x 102




Schafer and Associaies
885 Technology Bhwd

Bozeman, MT
{4083 388-5152

slug/bail tast analysis
HYORSLEY's method

Page 2

Project: ARCO Clark Fork River

Evaluated by: TM | Date:

Slug Test No. 3 Test conducted on: 7/31/97

MW-1A Well 1A -Test 3

Static water level: 7,76 f below datum
Pumping test duration Water lavel Change in
Waterlevel
[min] it [ft]

0.00 9.62 R:1S
2z 0.02 8.66 080
3 G.03 8.60 c84
4 0.05 8.40 0.64
5 0.07 8.46 070
] 0.08 8.02 0.26
7 010 7.88 012
8 0.12 7.84 0.08
9 613 7.82 0.05
10 0.15 7.82 0.06
17 017 7.82 0.06
12 0.18 7.81 0.05
13 0.20 781 0.0%5
14 6.22 7.81 0.05
15 0.23 7.81 905




Schafer and Associates
888 Technology Blvd

Bozeman, MT

siug/ball tes! analysis

Page 1

HYORSLEY's method

Project: ARCO Clark Fork River

{406) 388-5192 Evaluated by: TM | Date
Slug Test No. 1 Test conducted on: 7/31/87
MW.-2B
§ [ming
G 0 g g g 0 0 Y o it
100 ¢ ‘ |
4 ™
10 S
N
\\
g “\\
i
\\\
102 =
~
\\
.
\\
10

- Well 1B - Test 1

Hydraulic conductivity [fttmin]: 3.41 x 1072




Bchafer and Associates
865 Technology Blvd
Bozeman, MT

{406) 388-5192

slug/bail test analysis Fage 2

HYORBLEV's method

Project ARCO Clark Fork River

Evaluated byl TM

Date:

Slug Test No. 1

Test conducied on: 7/31/97

MW-28 Well 18 - Test 1
Static water tevel, 8,71 1t below dalum
Pumping test duration Water level Change in
Waterlevel
[min] [f] Ift]
1 .00 7.75 1.04
2z 0.02 7.596 0.85
3 g.03 7.21 0.50
4 0.05 5.89 0.18
5 0.07 6.79 0.08
[ 0.08 6.78 0.07
7 010 6.78 0.05
] 412 6.75 0.04
g 0.13 6.74 0.03
10 0.15 6.74 0.03
17 017 873 0.02
12 0.18 6.73 0.02
13 020 6.72 G.07
14 0.22 872 6.01
15 0.23 672 0.01
16 0.25 872 0.01
17 027 WK 0.00
18 0.28 8.71 0.00
10 .30 6.71 0.00
20 032 6.71 0.00
21 0.33 68,71 0.00




Schafer and Associates slug/ball test analysis Page 1

B85 Technology Bivd HVORSLEV's method Project. ARGO Ciark Fork River

Bozeman, MT

(40B) 388-5192 Evaluated by: TM ; Date: 01.08.1887
Siug Test No. 2 Test conducted om 7/31/87
MW-1B
{ [min]
0 g ¢ g 0 2 g ) g G
109

h/ho

10 Y

\
N\

102
< Well 1B - Test 2

Hydraulic conductivity [ftymin]: 4.90 x 102




Schafer and Assoclaies
885 Technology Bivd
Bozeman, MT

{408} 388-5182

slug/bail test analysis Pags 2

HVORSLEV's method

Project: ARCO Clark Fork River

Evaluated by TM

Date: 01.08.1997

Slug Test Ne. 2

Test conducted on: 7/31/87

MW-18 Well 1B - Test 2
Static water level: .75 fi below datum
Pumping test duration Water level Change in
Waterlevel
[min] Ift If]
1 0.00 7.57 0.82
2 0.02 7.49 0.74
3 6.03 7.34 0.58
4 0.05 6.96 0.21
5 0.07 6.79 0.04
& 0.08 B6.78 0.03
7 0.10 6.77 0.02
g 012 B.77 0.02
9 .13 870 0.01
10 015 876 oo
11 417 8.75 0.00
12 0.18 875 0.00
13 0.20 B8.75 0.00
14 022 B6.75 0.00
15 0.23 B75 0.00




Bohafer and Associstes
885 Technology Bivd

Bozeman, MT

slug/bail test analysis
HVORSLEVY's methed

Page 1

Project: ARCO Clark Fork River

{405) 388-5182 Evaluated by: TM | Dats:
Siug Test No. 3 Test conducted on:; 7/31/87
MW-28
t [min]
G { 0 0 0 0 0 g ]
1093
107" <
—
-
it
2 N
E ut
O O \\\
1 0-2 g
—~—
G
~
\\
103

o Well 1B -Test 3

Hydraulic conductivity [ftmin}: 4.23 x 102




Schafer and Associaies
885 Technology Bivd

Bozeman, MT
{408 388-5192

slug/bail tast analysis
HVORSLEV's methed

Page 2

Projact: ARCO Clark Fork River

Evalusied by, TM

Date:

Slug Test No. 3 | Test conducted on: 7/31/97
MW.2B Well 1B - Test 3
Static waler level: 8.74 # below datum
Pumping test duration Water level Change in
Waterlevel
[min] If] [}
0.06 833 1.588
Z 6.02 7.97 1.23
3 0.03 7.51 0.77
4 005 6.85 C.11
5 0.07 6.82 0.08
B 0.08 B.77 0.43
7 0.10 6.77 003
8 G.12 6.76 002
9 03 576 0.02
¢ 0.15 6.76 0.2
k| 0.7 6.75 0.01
12 018 B8.75 0.07
13 0.20 6.74 0.00
14 0.22 6.74 0.00
15 023 6.74 0.00
18 0.25 874 0.00




Appendix B-1

Control Chemical Data
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Geovemor's Demonstration Project

Treated Site Groundwaiser Chemistry

Monitor Well MW-14 )
SM7/87  TIaVET retich

All resulis in mg/
8 - Element conceniration below detection

Metat
Arsenic - 0.0086 0.068
Cadmium - 0.0013 0.001
Copper - 0.034 305
Lead - 0.002 8B 001 B
Zine - 0.272 0.28
oH 7.00 8.37
EC 688 728
Monitor Well MW-1B
Metal 517197 7131197 8/21/97
Arsenic - 0.003 D005 8
Cadrmium - 00001 8 00018
Copper - 0.001 B 001 B
Lead - goc2 B 001 B
Zine - 0.023 0018
pH 7.186 8.29
EC 542 580
Drive Point DP-1A
Metal 5117797 7131097 821107
Arsenic - 0.007 0.018
Cadmium - 0.0019 0.001
Copper - 0.035 0.0t
Lead - o028 oM B
Zinc - 0.532 0.24
pH 6.47 807
EC 410 602
Drive Point DP-1B
Metal 5117197 7131197 8121197
Arsenic - 0.001 Q005 B
Cadmiumn - 0.0032 0.004
Copper - 0.121 0.02
Lead - 0.002 0.1 B
Zinc - 0.71 0.4
lpH 6.55 6.47
EC 525 389
Drive Point DP-1C_
Metal 57197 H3U9T 8121197
Arsenic - 0.089 0.055
Cadmium - 0.0209 0.008
Copper - 0.307 0.1
Lead - 0.004 001 B
Zinc - 333 1.51
pH 5.87 585
EC 588 510
MNotes:




Bank Full Storage - Governor's Damonstration Project

“Major lons Chemistry

Treated Microwatershed = - .
MWIEB MW1iA

Constituent 7131187 8/21/97
Potassium 10 14
Sedium 27 42
Calcium a3 120
Magnesium 16 21
Sulfate 155 248
Chloride 11 15
Carbonate as CC3 0 0
Bicarbonate as HCO3 231 220
Alkalintiy 180 180
Fluoride 1.1 1.15
Nitrate plus Nitrite as N 0.05 8B 0058
Phosphorus 0.01 0018
Barium, dissolved 0.041 , g18B
Iron, dissolved 0.37 : 0.07

Notes:

All resuits in mgf
B - Element concentration below detection



Appendix B-2

Treated Chemical Data



[t

610

450

e

Beh

LE0

GO'G

{4 ¢]

[ANY

540

820

92’0

fAY

5000

S00°0

§00°0

G000

G000

000

8000

BEQD 8z
¥ el
PO
oo el
9i'e  igl
a0 et
€20 8%

020

o0

80

s0°0

L0

00

80°0

28

9Lt

1870

88’0

480

940

68°0

451

09}

cll

GO}

894

08t

L

061

€61

vt

Gsl

Bri

¥l

Ghi

el

94

el

S

Sl

g1

£

98

801

18

86

¥6

£6

Sl

91

AL

18

13

§i

Lot
59
89
26t
€Lt

9Ll
[ 4%
Qg

VA
L
Ay
Zel
[y
g
4
GG
Lo
Lok
[3+12
0l
9
LS
oot
59
69

Evi
LLG
089
LZ9
4%
GILg
6lg
T4
86¢

1254
y05
¥¥s
0ig
£56
166
LE¥
OGS
s
Pe9
8¢9
945
825
92§
194
yia
%]

¥59
9
914
8.9
80°4
s
08’9
198
0L

£F'g
0£'9
86°0
£5'9
P
ei's
68’9
L
L
£2'9
91'g
FAS
¥O'L
95’9
44"
£5'9
86'¢

05'¢
99°Z
62'¢

g6'c
e
rLe
e
vLL

e'e
oF't
962
80z
6L°C
850
GLZ
64
T
6E'Z
eL'e
£6'1
e
15e
95e
ZLe
o'z

S6-1BN-G0
p6-0801-9Z
v6-120-92
y6-deg-gZ
v5-Bny-52
v6In-L2

pg-unr-62
ve-ABN-CZ
y6-10y-GZ

9613082
96-085-92
96-Bny-g2
86-nr-62
96-unr-gz
o5-AeN-1 2
96-1dy-01
96-984-€}
§6-AON-80
G6100-21
§6-Bny-5z
§6-INr-97
G6-REWN-¥Z
S6-1dy-gz
S6-1EN-G0
v6-0001-92
#6120-92

g2-MIA
g2-MIN
ge-MiN
g2/
g22-MIA
HZ-MN
gz-Min
82-MIA
ge-Mn

YZ-MIN
Y-
YZ-MN
YZRAN
YZ-MIN
Y-
VZ-AMIN
YT-MIN
VE-MiA
VTN
VoM
Ya-MilN
VE-pn
YZ-AMn
YZ-AMIN
WZ-MiN
Yi-MiN

(o) {wojsoun) yd . (sBa).

traquiny 1M Aq paziueblo) S1INSIYH ONIMIWYS TI3M ONIYOLINOW
SGAHSHALYMOUIIW 31 VIADIA ONY TOULNOD HOH LI5S0 SHONYIAOD MHOH MHY1




SIXHeMUNEPGEEDL FLV T

‘sisAleue sidwms sjeoldnp Jo 9%,G2< B0UBIBYIC] JUSII SANEBY - O
‘aBuel J0 10 sisAjeUE piepUB)S BHIdS *BIGEPUBEPUN UDPEALESUOD JUBLSIT -

UCHDB}AP MOJaq UOJIEAUSDUOD JUSWT - g

T 800 N 00 m'g S00C 4 8r0 bl PO N L8C 24t 0 L 1351 S 8 8L Ll L4 €L igy 99  £9¢ 96-120-8¢ €M

501 6. ¥€'9 297 96-098-92  HI-MWN
601 ¥69 89 65y o6-Bnvgz gz
SEl €65 699 L% 96-INF-GZ  HZ-MIN
91l 855 8.9 €680  9BUNT-GZ  HZ-AAIN
' 400 N 8O0 N G000 SO0 ¥ 8 S00 ¥e'0  £L1 0 8  ¥5L G 6 9 v Pl AR YO'L 2680  96-ARW-LZ  gZ-MIN
Gy ot 2L 62 96-dv-01  gZ-M
G 825 viL o vT 96-G94-C:  HZ-MN
an 80 N 800 N'® G000 O 6LD 8L N 98D 8’0 691 ] 8  wri pl g8 Sl v 101 088 £6'S  €€T  G6AON-80 G-
0L g5 199 092 G602l gT-MIA
LGl 89¢ 699 /12 se-Bwsz  gzmin
A% BYG  VEL  E0Z  SBINMEZ 9Z-MIN
T80 00 4 G000 QO Z¥0 IS g 500 r20 08l 0 L B5L ¥l 6 8t ¥  &¢ 9% TEL 161 gefepwrbz  gE-mMIN

96 8z POL ZvE G682 gZ-MI

{9} (wsysoyny zn.. - (sBq).

{tequiny 112 A peziueBio) $1INSIY ONITANYS TTIM ONIHOLINOK
SAIHSHILYMOUIIN GILVLIDIA ONV TOULINOD HOL LOAFOH SHONYIADD MHOH MUYID




Governor's Demonsivation Project

Control Site Groundwater Chemisiry

Monitor Well MW-24

Metal 517197 7i31/97 821187

Arsenic - 0.004 20058

Cadmium - 0.0024 0.003

Copper - 0.318 0.37

Lead - ¢.002 B 0.01 B

Zinc - 0.351 0.44

pH - 6.986 5.80

EC - 468 578

Monitor Well MW-2B

Metal 597 7/31/97 8/21/97

Arsenic 0.0028 B 0.002 0.005 B

Cadmium 0003 B 0.0003 0.001 B

Copper 0.072 0.069 0.08

Lead 0.001 U 0002 B 001 8

Zinc 0.0597 0.058 0.05

pH 7.22 7.49 6.04

EC 260 415 443
Observation Well OBS-1B

Metal 9/24/96 517197 7131197 8/21/97

Arsenic 0.144 - 0.1

Cadmium 0001 B - 0.001 B

Copper 0.01B - 00t B

Lead Q.01 B - 001 B

Zinc 0.44 - 0.27

pH 6.95 - 587

EC 776 N 583
Observation Well 0BS-1C

Metal /24196 5117157 713197 8/21/97

Arsenic 0.013 - 0.013

Cadmium 0.001 B - 0.0006

Copper 001 B - 0.01

l.ead g0 B - 0002 8B

Zinc 017 - 0.11

pH 7.08 - 7.13

EC 875 - 462




Govermnors Demonstration Project

Control Site Groundwater Chemistry

Observation Well OBS-2B

Metal 9/24/96 BI1T7I87 731587 8121197
Arsenic 0.007 00048 B 5,014
Cadmium 0.003 4.0065 0.008
Copper 0.19 0.402 0.18
Lead 0018 0.001 U DOt B
Zing 0.45 1.37 1.23
pH 5.91 8.7 5.58
EC 545 856 484
Observation Well OBS-2C
Metal 9/24/96 5797 731197 8/21/97
Arsenic 0019 0.024
Cadmium 0.001 0.0008
Copper .08 0.024
l.ead 0018 00028
Zinc 0.25 0.058
pH 7.01 7.45
EC 565 445
Observation Well OBS-3B
Meta} 8124196 517197 7131187 8/21/97
Arsenic 0.006 00083 B - -
Cadmium 00 B 00044 B - -
Copper 0.18 0.183 - -
Lead 001 B 0.001 U - -
Zinc 0.31 0.341 - -
pH 6.93 6.82 - -
EC 558 400 - -
Observation Well OBS-3C
Metat 9/24/96 57197 73197 8121197
Arsenic 0.0086 0.0034 B - -
Cadmium 0001 B 00019 B - -
Copper 0.03 0.0452 - -
Lead - 0.01B 0001 U - -
Zinc 0.11 0.0901 - -
pH 7.01 6.92
EC 526 550




