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1. Introduction

Kennecott Utah Copper LLC (KUC) is conducting groundwater remediation at its South Facilities as
selected by the United States Environmental Protection Agency (EPA) and the Utah Department of
Environmental Quality (DEQ) in a Record of Decision (ROD) dated December 13, 2000 for the Kennecott
South Zone, Operable Unit 2 (EPA and DEQ 2000). In response to the ROD, KUC submitted a Final
Remedial Design for Remedial Action (RDRA; KUC 2002) for the groundwater remediation in December
2002. EPA and DEQ approved the RDRA and issued an Explanation of Significant Differences (ESD) in
June 2003 (EPA 2003). A second ESD issued in June 2007 modified and clarified certain aspects of the
remedy (EPA 2007).

KUC has completed construction of remedy components and now operates under an Operations,
Maintenance, and Replacement (OM&R) Plan for South Facilities Groundwater (Version 2, April 2009).
The OM&R Plan will be updated periodically on an as-needed basis. A requirement of the OM&R Plan is
preparation and submittal of annual reports on remedial activities and remedial progress. This report
describes remedial activities and remedial progress results for the calendar year 2017 along with
comparative changes from previous years.

South Facilities groundwater contamination located immediately down-gradient of the Bingham Reservoir
and Bingham Canyon Mine waste rock piles is referred to as the Zone A Plume. The plume consists of an
acidic core with low pH and elevated metals concentrations surrounded by a partially to fully neutralized
zone of elevated sulfate concentrations in groundwater.

The technical components of the selected South Facilities groundwater remedy include:

e Maintaining source control measures,

e Remediating the Zone A Plume through extraction of contaminated groundwater from the acidic
core of the plume,

e Treating extracted groundwater from the acidic core of the Zone A Plume by neutralization in the
Copperton Concentrator tailings pipeline,

e  Containing the sulfate portion of the Zone A Plume through extraction from barrier wells at the
leading edge of the contamination,

e Treating extracted groundwater from the barrier wells by reverse osmosis (RO) technology,

e  Monitoring and reporting remedial progress.

South Facilities Groundwater April 2018
2017 Remedial Progress Report Page 1-1
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2. Remedial Operations

2.1 Groundwater Remediation System

KUC has completed construction of groundwater extraction and treatment systems necessary to
implement the selected remedy. Components of remediation system that KUC manages include:

An acidic groundwater extraction system comprised of three wells—ECG1146, BSG1201 and
BSG2784—and conveyance to the Copperton Concentrator tailings pipeline.

e  An acidic water treatment system which relies on operating KUC milling facilities, specifically:

a) the Copperton Concentrator tailings pipeline, which serves as a 17-mile plug-type
treatment reactor;

b) the Copperton Concentrator lime plant, which has the ability to add hydrated lime
directly to the tailings line as needed; and

¢) the North Tailings Impoundment, which provides a repository for non-hazardous solid
treatment residuals within a much larger mass of tailings.

e  Abarrier extraction well network of four wells—BFG1200, B2G1193, BSG2828 and LTG1147—and
conveyance lines to deliver water to an RO water treatment plant or to KUC’s process water
system.

e An RO water treatment plant capable of producing 3,500 acre-feet of drinking water per year
using feed water from the barrier extraction wells. This plant was down for all of 2017 due to
colored water complaints, however, the wells providing the water to the plant were pumped as
needed to KUC’s Zone A Plant and/or to the KUC process water system to maintain plume
containment.

2.2 Extraction and Treatment

Annual extraction volume for 2013 through 2017 from wells in Zone A are reported in Table 2-1 and
shown on Figures 2-1 and 2-2. The 2017 average daily pumping rate for each of the acid and barrier
extraction wells are plotted on Figures 2-3 and 2-4, respectively.

South Facilities Groundwater April 2018
2017 Remedial Progress Report Page 2-1
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Table 2-1 Annual Zone A Groundwater Extraction Volumes (acre-feet)

2013 2014 2015 2016 2017
Acid Well Extraction
ECG1146 1,024 1,024 888 933 978
BSG1201 658 751 771 777 738
BSG2784 790 631 752 647 778
Total 2,472 2,406 2,411 2,357 2,494
Barrier Well Extraction
BFG1200 1,821 1,719 1,544 674 1,277
B2G1193 1,810 1,751 1,933 767 1,350
BSG2828 1,376 1,455 1,386 54 711
LTG1147 174 239 198 137 27
Total 5,181 5,164 5,060 1,632 3,365

2.2.1 Acid Well Extraction Summary
ECG1146, BSG1201, and BSG2784 operated throughout the majority of 2017 (Figure 2-3).

Exceptions to pumping include ECG1146 down from April 8 through May 8, 2017, while the motor was
replaced and BSG1201 down May 28 through May 30 to repair the transducer. BSG2784 was pumped
continuously during 2017.

2.2.2 Barrier Well Extraction Summary

BFG1200, B2G1193, and BSG2828 were pumped at varying frequencies during 2017 to maintain plume
containment and furnish water to the Zone A RO Plant. Operations at the plant during 2017 were focused
on a number of water blending options and several pilot studies to reduce manganese in the product
water. Water from the wells and Zone A plant was used in the KUC process circuit. The Zone A RO Plant
has not provided water to Jordan Valley Water Conservancy District (JVWCD) since it was shut down on
January 7, 2016, due to colored water complaints received by JVWCD. The barrier extraction wells,
mainly BFG1200 and B2G1193, were operated intermittently to provide containment of the sulfate plume
throughout 2017 (Figure 2-4).

Barrier Extraction Well LTG1147 was pumped on an as-needed basis during 2017 (Figure 2-4) and was not
routed to the Zone A RO Water Treatment Plant, but rather to the Small Reservoir for use in KUC’s
process circuit.

South Facilities Groundwater
2017 Remedial Progress Report
Version 2
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2.2.3 Treatment Summary

KUC’s combined groundwater extraction removed 33,132 tons of sulfate in 2017 compared with 32,428
tons of sulfate in 2016. Since 1997, KUC has removed over 921,000 tons of sulfate from the principal
alluvial aquifer in the South West Salt Lake Valley.

All groundwater extracted from the acid extraction wells was conveyed to the Copperton Concentrator
tailings line for treatment.

No product drinking water from KUC to JVWCD was furnished in 2017. However, one or both Zone A RO
Plant skids were operated while re-baselining, blend alternatives and pilot testing was conducted. Based
on the results of the testing, plans were formulated for a new manganese treatment skid to be installed in
the second quarter of 2018. While the plant was running, the concentrate from the Zone A RO Water
Treatment Plant was routed to the Copperton Concentrator tailings pipeline and the product water was
routed for use as industrial water in the KUC facilities. Presented in Table 2-2 are the feed water volumes
conveyed to the Zone A RO Water Treatment Plant.

Table 2-2 Annual Zone A RO Water Treatment Plant Feed Water Summary

2013 2014 2015 2016 2017

Volume (acre-feet) | 4,787 5,015 4,863 84.39 NA
NA-Water routed to Zone A RO Plant was not processed for supply to JVWCD

South Facilities Groundwater April 2018
2017 Remedial Progress Report Page 2-3
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Figure 2-1 Acid Well Extraction 2013-2017
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Extraction listed in Figure 2-2 represents all Barrier Wells. All pumping from Barrier wells was routed either
directly to Zone A RO Plant and/or to KUC’s process circuit. No water was provided to JVWCD in 2017
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Figure 2-3: Average Daily Pumping Rates for Acid Extraction Wells (2017)
a) ECG1146
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Figure 2-4: Average Daily Pumping Rates for Barrier Extraction Wells 2017
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Figure 2-4 (Continued): Average Daily Pumping Rates for Barrier Extraction Wells 2017
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3. Compliance with Performance Standards and
Monitoring Requirements

3.1 Performance Standards

Performance standards for operation and maintenance of the remedy are described in the 2007 ESD
(EPA 2007) and include:

e Extract a minimum of 1,200 acre-feet per year from the acid core of the Zone A Plume on a five-
year rolling average.

e Maintain groundwater sulfate concentration at or below 1,500 mg/L in a network of compliance
wells as listed in the OM&R Plan (KUC 2009).

The OM&R Plan (KUC 2009) specifies required monitoring including sampling frequency, timing, and
parameters for compliance wells and extraction wells. KUC reports separately to the State Trustee for
Natural Resources on operations at the Zone A RO Water Treatment Plant in compliance with the Natural
Resource Damage settlement and implementing project agreements.

3.2 Extraction Rate

Average groundwater extraction from the acid core of the Zone A Plume for the 5-year period 2013 to
2017 was 2,428 acre-feet (Table 3-1). Therefore, KUC continues to meet the minimum annual extraction
performance standard of 1,200 acre-feet of acidic groundwater from the core of the Zone A Plume based
on the 5-year rolling average evaluation.

Table 3-1: Five-year Average Extraction from the Acid Core (acre-feet)

5-Year
2013 2014 2015 2016 2017 Average
Volume 2,472 2,406 2,411 2,3 2,494 2,428
(acre-feet) 47 » ” »357 ) »
South Facilities Groundwater April 2018
2017 Remedial Progress Report Page 3-1
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3.3 Required Monitoring

The OM&R Plan (KUC 2009) specifies required monitoring frequency and timing for compliance wells,
which is dependent on sulfate concentrations as shown in Table 3-2. The OM&R Plan (KUC 2009)
specifies that extraction wells will be sampled semi-annually in the first and third quarters, provided the
well is in operation during the quarter. However, all extraction wells, if operating, were sampled quarterly
in 2017.

Table 3-2 Compliance Well Sampling Frequency and Timing

Sulfate (mg/L) Frequency Timing*
<1,000 Annually 3rd Quarter
1,000-1,250 Semi-annually 1st and 3rd Quarters
>1,250 Quarterly Each Quarter

*calendar-year quarters

Required monitoring parameters are indicated in Table 3-3. Data for all required monitoring parameters
were successfully obtained during the sampling of compliance and acid extraction wells in 2017.

Table 3-3 Compliance and Extraction Well Monitoring Parameters

pH

Arsenic (D)
Barium (D)
Cadmium (D)
Copper (D)
Fluoride
Lead (D)
Nickel (D)
Selenium (D)
Sulfate

*(D) dissolved

3.4 Plume Containment

The compliance monitoring wells network for 2017 is shown in Figure 3-1. Sulfate concentrations in the
third quarter of 2017 are listed in Table 3-4; for comparison, third-quarter measurements from 2013
through 2017 are also listed.

Sulfate concentrations for 2017 in compliance wells continue to meet the OM&R Plan (KUC 2009)
performance criteria of maintaining concentrations at or below 1,500 mg/L. The highest concentration
measured was 531 mg/L at WJG1169B. In 2017, sulfate concentrations essentially remained the same in
eight of the ten compliance wells, increased in one well (EPG1165A) and decreased in well WJG1169B
with respect to 2016 concentrations.

South Facilities Groundwater April 2018
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Table 3-4 Third Quarter Compliance Monitoring Well Sulfate Concentrations (mmg/L)

Well ID 2013 2014 2015 2016 2017
BSG1135B 65 63 63 68 64
**COG1178B 230 NA 183 NA 174
EPG1165A 225 245 256 286 208
*HMG1123B NA NA 153 172 167
HMG1126B 398 417 382 409 399
P192B 45 44 41 42 40
P194B 39 40 38 39 38
Wi89 78 78 72 78 82
WJG1154B 348 357 353 312 323
WJG1169B 544 509 575 568 531

*HMG1123B was added in 2015 because HMG1123A is dry. ** COG1178B replaces COG1178A in 2017
because COG1178A has gone dry.

None of the sulfate trends for the compliance wells indicate significant trend increases or decreases.
Sulfate concentrations are all below the compliance limit of 1,500 mg/L.

South Facilities Groundwater April 2018
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Figure 3-1 Compliance Well Network
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4. Remedial Progress

Analysis of 2017 groundwater monitoring data, specifically as shown on the time-series plots included in
this report, indicates that the remedial extraction program is continuing to achieve a reduction in
contaminant levels in addition to providing containment of the Zone A Plume.

Groundwater analytical data collected during 2017 and 2016 are reported in Appendix A. Samples were
analyzed at Kennecott Environmental Laboratory (KEL), a State of Utah certified analytical laboratory.

For all South Facilities groundwater sampling, KUC follows the Groundwater Monitoring and
Characterization Plan (GCMP; KUC 2017a) and its associated Standard Operating Procedures (SOPs;
KUC 2017), and Quality Assurance Project Plan (QAPP; KUC 2017). KUC submits quarterly Quality
Assurance Reports and an annual GCMP summary to the Utah Division of Water Quality. These
submittals report data and discuss quality assurance for the data utilized to assess remedial progress.

Sections 4.1 through 4.4 focus on remedial progress within the Zone A Plume. Figures associated with
water quality and water level trends for wells previously included within the annual report but not
necessarily sampled in 2017 or if wells are being monitored for other metal trends, are presented for
reference in Appendix C.

4.1 Sulfate

The 2017 distribution of sulfate in the Zone A Plume is represented on Figure 4-1 as contoured sulfate
concentrations. In monitoring wells with multiple completions at different depths (nested site), the well
with the highest sulfate concentration (poorest quality) was used to generate the contours. The most
recent sampling event during 2017 (or the most recent analyses within the past five years if no 2017 data
were available) were used to generate the sulfate contours. Recent changes in contoured sulfate
concentrations from 2016 to 2017 are highlighted on Figure 4-2 while Figure 4-3 highlights contoured
sulfate concentration changes from 2006 through 2017. KUC installed a number of monitoring wells an
extraction well BSG2784 in the 2006-2007 time-period, all of which assisted to farther define the plume’s
lateral and vertical extent. No additional extraction wells, with the exception of BSG2828 installed in
2012, or monitoring wells have been installed since 2007. Figure 4-3 depicts the changes in sulfate
concentrations from all monitoring points from 2006 through 2017.

In the central portion of the plume around Acid Extraction Well BSG2784, the sulfate isocontour lines
generally continued previous contractions in the plume footprint between 2016 and 2017 (Figure 4-2).
The only outliers from this trend were slight increases to the 10,000 mg/L sulfate isocontour just up-
gradient of the BSG1179 area; specifically, from wells BSG1148A and B, and BSG2778A. There was a slight
increase in the 5,000 mg/L isocontour northeast of BSG2784. The 5,000 mg/L isocontour north of Acid
Extraction Well BSG1201 showed a significant contraction.

The overall changes observed between 2016 through 2017 are interpreted as continuing to demonstrate
containment of farther plume migration down-gradient.
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From 2006 through 2017, a general contraction of sulfate isocontours is apparent especially within the
core of the sulfate plume (Figure 4-3) with the exception of the 1,500 mg/L sulfate isocontour in the
vicinity northeast of Barrier Extraction Well LTG1147 which has actually decreased over the past four
years due to extraction at Acid Extraction Well BSG2784. However, the large reduction in the footprint
of sulfate concentrations in excess of 1,500 mg/L remains significant.

Discussed in the following subsections are time-series plots of sulfate concentration for selected wells.

4.1.1 Zone A Plume Source Area

Comparison of the sulfate isocontours from 2016 with those from 2017 indicate minor changes in the
western acid plume area at monitoring well site SRG946. Sulfate concentrations at SRG946, located
down-gradient of the Small Bingham Reservoir, increased from 16,500 mg/L to 17,900 mg/L in 2017
(Figure 4-4). This well has been on a long-term trend of decreasing sulfate concentration, however, the
2017 increase is likely due to localized mobilization of sulfate due to greater than normal precipitation in
March and April of 2017. Pumping at Acid Extraction Well ECG1146 has historically had little effect on
the water table at this site. However, due to the pumping at Acid Extraction Well ECG1146, the hydraulic
gradient steepens eastward thereby increasing the potential for water to move towards that extraction
point.

4.1.2 Zone A Plume Interior

The Zone A Plume interior includes areas with groundwater sulfate concentrations greater than 5,000
mg/L. Changes in sulfate concentration are primarily due to pumping at Acid Extraction Wells ECG1146,
BSG1201 and BSG2784. When consistent pumping occurs, surrounding monitoring wells generally show
decreasing sulfate concentrations. Based on operational experience from management of the Zone A
Plume, if partial-year pumping occurs; decreasing trends are less pronounced, trends level off, or trends
show increasing sulfate concentrations. Other factors that influence the time-series water quality data
include:

- When samples were collected with respect to pumping at the nearest acid extraction well,

- The distance of the monitoring well from the nearest acid extraction well, and

- The degree of hydraulic communication between the hydrostratigraphic horizons of a monitoring

well and the horizons screened in the acid extraction well.

Acid Extraction Well ECG1146 Area

Acid Extraction Well ECG1146 was pumped on a relatively steady basis during 2017 except for a period of
downtime in April and early May (Section 2.2.1). Sulfate concentrations in Acid Extraction Well ECG1146
averaged 12,460 mg/L in 2016 and averaged 11,400 mg/L in 2017 (Figure 4-5).

ECG1115A, B and C, which represents the highest sulfate concentrations for the Zone A area and located
1500 feet west of ECG1146 shows a decrease in sulfate concentrations for ECG1115A and an increase in
ECG1115B and C (Figure 4-6). ECG1115A sulfate was 13,700 mg/L in 2015 and 13,200 mg/L in 2017;
ECG1115B was 25,600 mg/L in 2015 and 27,100 mg/L in 2017 and for the same time period, ECG1115C
was 29,100 mg/L and increased to 32,000 mg/L. KUC believes downward migration of sulfate-rich water
is occurring through the annular space of the original borehole at this site. This is due to the method of
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drilling (casing driven) where voids were created outside the boring. These voids have created extra space
that may not contain bentonite backfill allowing dense upper aquifer water to move downward.

B1G1120 is also a casing driven hole with a similar history to ECG1115 and is located approximately 2900
feet north-northeast of Acid Extraction Well ECG1146. Sulfate concentrations in B1G1120A&B decreased
during 2017. The sulfate concentration decreased at B1G1120A from 5,740 mg/L in 2016 to 5,280 mg/L
in 2017 and in B1G1120B from 10,700 mg/L to 10,000 mg/L (Figure 4-7).

At ECG1118A, located approximately 1,800 feet east-northeast of Acid Extraction Well ECG1146, the
sulfate concentration decreased from 6,230 mg/L in 2016 to 6,180 mg/L in 2017 (Figure 4-8). The
relatively steady trend of decreasing sulfate concentrations at ECG1118A is likely influenced by pumping
at both Acid Extraction Well ECG1146 and farther down-gradient at Acid Extraction Well BSG1201.
ECG1118B was installed in 1994 and has been on an increasing trend for sulfate since approximately
2003, however, the sulfate concentration decreased from 1,740 mg/L in 2016 to 1,720 mg/L in 2017.

Acid Extraction Well BSG1201 Area

Acid Extraction Well BSG1201 was steadily operated for the majority of 2017 (Section 2.2.1). Sulfate in
Acid Extraction Well BSG1201 decreased from an average of 7,164 in 2016 to 6,410 mg/L in 2017 (Figure
4-9). At BSG1177, located immediately adjacent to Acid Extraction Well BSG1201, the sulfate
concentration decreased in BSG1177A from 2,480 mg/L in 2016 to 2,250 mg/L in 2017. Sulfate
concentrations increased in BSG1177B from 6,200 mg/L in 2016 to 6,290 mg/L in 2017 (Figure 4-9). At
BSG1177C the sulfate concentration decreased from 2,510 mg/L in 2016 to 2,170 mg/L in 2017. BSG1177C
(screened at 1,000 to 1,020 feet below ground surface) had seen an increasing trend in sulfate
concentration since approximately 2001. Likely, the decrease in head pressure due to falling water levels
and the upward gradient from the underlying cleaner water has caused the reversed sulfate trend.

At BSG1119B, located approximately 2,000 feet down-gradient to the east of Acid Extraction Well
BSG1201 at the leading edge of the low pH portion of the plume, sulfate concentrations decreased from
5,030 mg/Lin 2016 to 4,690 mg/L in 2017 (Figure 4-10).

Acid Extraction Well BSG2784 Area

At Acid Extraction Well BSG2784, sulfate decreased from an average of 7,765 mg/L in 2016 to an average
of 6,875 mg/L in 2017 (Figure 4-11). Sulfate in BSG2782A, located 150 feet west and up-gradient of Acid
Extraction Well BSG2784, decreased from 7,610 mg/L in 2016 to 6,090 mg/L in 2017. Over the same
period (2016 to 2017), in the less contaminated and lower permeability horizon monitored by BSG2782B,
sulfate decreased from 1,830 mg/L to 1,280 mg/L. Sulfate in BSG2782C decreased from 17,300 mg/L to
17,000 mg/L during the same period (Figure 4-11).

At BSG1179, located approximately 1,400 feet west of Acid Extraction Well BSG2784, sulfate
concentrations decreased in BSG1179B from 3,680 mg/L in 2016 to 3,650 mg/L in 2017 and decreased in
BSG1179C from 11,600 mg/L in 2016 to 10,600 mg/L in 2017 (Figure 4-12)
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At BSG2783B, located approximately 1,700 feet southeast of Acid Extraction Well BSG2784, sulfate
decreased from 5,310 mg/L in 2016 to 3,920 mg/L in 2017 (Figure 4-13).

BSG2783B has been on a decreasing sulfate trend since pumping was initiated at Acid Extraction Well
BSG2784.

At BSG2777A, located 1,200 feet east and down-gradient of Acid Extraction Well BSG2784, sulfate
concentrations decreased from an average of 13,550 mg/L in 2016 to 12,600 in 2017 (Figure 4-14).
BSG2777A generally has been on a decreasing sulfate trend since pumping was initiated at Acid
Extraction Well BSG2784.

4.1.3 Zone A Plume Margins

The margins of the Zone A Plume include Barrier Extraction Wells BFG1200, B2G1193, BSG2828 and
LTG1147; along with the surrounding monitoring wells. Sulfate concentrations in the barrier extraction
wells and associated monitoring wells, in general, decreased during 2017 (Figure 4-2).

Barrier Extraction Well B2G1193 Area

At Barrier Extraction Well B2G1193 the sulfate concentration average increased from 1,565 mg/L in 2017
from an average of 1,513 mg/L in 2016 (Figure 4-15). A total of 22 samples were collected in 2017 at
B2G1193 because KUC was closely tracking plume containment and conducting testing at the Zone A RO
Plant. At B2G1157, located immediately adjacent to Barrier Extraction Well B2G1193, average sulfate
concentrations from two samples decreased in B2G1157B from 5,365 mg/L in 2016 to 5,225 mg/L in
2017 (Figure 4-15). The long-term changes at B2G1157B reflect the pumping at Barrier Extraction Well
B2G1193, which is drawing water high in concentrations of sulfate and manganese from the interior and
northeastern margins of the plume. The sulfate concentration in Barrier Extraction Well B2G1193 in the
range of 1,500 mg/L continues to demonstrate that the concentration of sulfate in B2G1157B does slightly
contribute to the overall production from B2G1193.

Barrier Extraction Well BEG1200 Area

At Barrier Extraction Well BFG1200 sulfate concentrations decreased from an average of 559 mg/L in
2016 to an average of 535 mg/L in 2017 (Figure 4-16). Pumping rates at BFG1200 varied during 2017 to
maintain containment of the sulfate plume. Sixteen samples were collected during 2017 with a sulfate
range of 501 mg/L to 582 mg/L. BFG1155C, D, E, and F; located adjacent to Barrier Extraction Well
BFG1200, were not sampled in 2017. Previous sulfate concentrations from the BFG1155C and BFG1155D
screen intervals appear most representative of water quality observed in BFG1200 (Figure 4-16).

Barrier Extraction Well BSG2828 Area

At Barrier Extraction Well BSG2828, located approximately 2,000 feet cross-gradient to the southeast of
Barrier Extraction Well B2G1193, the sulfate concentration average was 524 mg/L in 2017, similar to
previous years. BSG2828 was sampled 20 times in 2017 as part of the testing at the Zone A RO Plant
(Figure 4-17).
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At BSG2779, located approximately 800 feet up-gradient to the west of Barrier Extraction Well BSG2828,
average sulfate concentrations decreased in BSG2779A from 528 mg/L in 2016 to 496 mg/L in 2017 while
in BSG2779B sulfate concentrations increased from 1,150 mg/L in 2016 to 1,545 mg/L in 2017 (Figure 4-

17). The increase in BSG2779B is reversed from the past trend since approximately 2010.

At BSG1132, located approximately 1,200 feet down-gradient to the east of Barrier Extraction Well
BSG2828, sulfate concentration decreased in BSG1132A from 452 mg/L in 2016 to 437 mg/L in 2017 and
in BSG1132B from 848 mg/L in 2016 to 840 mg/L in 2017 (Figure 4-18). Following the initiation of
pumping at Barrier Extraction Well BSG2828, the increasing sulfate trend observed since approximately
2011 at BSG1132A reversed and a decreasing trend appears more pronounced, especially in BSG1132B.

At BSG1133, located approximately 1,800 feet cross-gradient to the southwest of Barrier Extraction Well
BSG2828 and approximately 3,000 feet down-gradient to the east of Acid Extraction Well BSG2784,
sulfate concentrations at BSG1133B increased from 511 mg/L in 2016 to 1,030 mg/L in 2017 (Figure
4-19). The decreasing sulfate trend at BSG1133B has been observed since approximately 2006 and the
2016-17 increase is a result of limited pumping at Barrier Extraction Well BSG2828.

Southeast Margin

At P241C, located approximately 3,000 feet down-gradient to the southeast of Acid Extraction Well
BSG2784, sulfate concentrations decreased from 775 mg/L in 2016 to 691 mg/L in 2017 (Figure 4-20) A
decreasing trend of sulfate is apparent since Acid Extraction Well BSG2784 was put into production.

At BSG1148, located approximately 3,000 feet cross-gradient to the south of Acid Extraction Well
BSG1201, sulfate concentrations at BSG1148A decreased from 5,390 mg/L in 2016 to 5,150 mg/L in 2017
and BSG1148B was not sampled in 2017 (Figure 4-21). The increases in sulfate concentrations over the
last few years within the A completion appears to be leveling off, and the large increase in BSG1148B is
possibly a result of the decrease in local water level due to extraction at BSG1201 and BSG2784.
BSG1148A is screened at 510 to 530 feet below ground surface with a 2017 water level of 489.03 feet while
BSG1148B is screened at 580 to 600 feet. As upper groundwater containing higher TDS approaches the
BSG1148B screen interval, the measured TDS increases.

At Barrier Extraction Well LTG1147, located approximately 5,000 feet cross-gradient to the south of Acid
Extraction Well BSG2784, sulfate increased from 505 mg/L in 2016 to 567 mg/L in 2017 (Figure 4-22).
Barrier Extraction Well LTG1147 was only sporadically pumped throughout 2017 (Section 2.2). LTG1138,
located immediately adjacent to LTG1147; has not been sampled since 2006 due to sulfate concentrations
in LTG1138B similar to the sulfate trend in Barrier Extraction Well LTG1147. The sulfate concentration
in LTG1138C is less than 100 mg/L and LTG1138A is dry.

4.1.4 West Jordan Municipal Well Field

KUC monitors water quality and water levels in and adjacent to the West Jordan Municipal Well Field,
which includes four wells; W363 and W387, shown on Figure 4-1, and W420 and W361, not shown on
Figure 4-1. W361 has not been pumped by West Jordan since the mid-2000s. However, a replacement
well for W361 was installed by West Jordan several hundred feet to the north-northwest and pumping
was initiated in 2012.
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Heavy extraction from the original four wells in the 1990s caused migration of elevated sulfate-impacted
groundwater toward this area and W363 saw increasing sulfate through the late 1990s (Figure 4-23).
Sulfate concentrations at W363 have declined since 1999 and correspond to reduced annual extraction by
West Jordan. W363 is located approximately 6,700 feet northeast of Barrier Extraction Well BFG1200.
W363 had its highest sulfate concentration of 188 mg/L in 1999, however, in 2017, the sulfate
concentration was 89 mg/L (Figure 4-23). W387, located 2,700 feet west of W363 and due north of
Barrier Extraction Well BFG1200, had a sulfate concentration of 54 mg/L in 2016 and was not sampled in
2017. W420, the northern-most West Jordan well, had a sulfate concentration of 55 mg/L in 2017.

Monitoring wells located between the leading edge of the Zone A Plume and the West Jordan Municipal
Well Field showed generally decreasing sulfate concentrations in 2017. WJG1154B, located 3,400 feet
southeast of W363, saw elevated sulfate concentrations through the late 1990s and has shown fairly
consistent concentrations ever since. Sulfate concentrations at WJG1154B decreased slightly with the
highest concentration in 2016 at 357 mg/L and the highest concentration in 2017 at 334 mg/L (Figure 4-

24).

At WJG2819, located approximately 700 feet northeast of the former WJG1170 location, the highest
sulfate concentration is from WJG2819A and has slightly decreased from 281 mg/L in 2016 to 277 mg/L
in 2017 (Figure 4-25). The two deeper completions (WJG2819B and WJG2819C) are at similar depths to
the abandoned WJG1170B and WJG1170C and the upper completion (WJG2819A) was placed within 100
feet of the water table. At WJG2819B the sulfate concentration increased from 204 mg/L in 2016 to 217
mg/Lin 2017.

WJG1171A has historically had an increasing trend for sulfate concentration but that trend leveled out
over the past several years and actually decreased in 2017. The sulfate concentration at WJG1171A for
2016 was 152 mg/L and 140 mg/L in 2017 (Figure 4-26). WJG1171B had 43 mg/L sulfate in 2017 and the
past trend shows continued sulfate concentrations less than 60 mg/L.

4.2 Aluminum

Aluminum is the primary constituent of mineral acidity influencing treatment strategies for acidic water
from the plume core. The distribution of aluminum in groundwater for 2017 is shown on Figure 4-27.
The aluminum contours were generated using the highest concentrations (poorest quality) from nested
monitoring wells, similar to the generation of the sulfate contour map (Section 4.1; Figure 4-1). Changes
in aluminum from 2016 to 2017 are highlighted on Figure 4-28.

In 2017 the majority of wells continued to show decreasing trends for aluminum. Decreases in aluminum
concentration in the Zone A plume generally are proximal and centered on the three acid extraction wells.
As with sulfate, the decreases in aluminum are attributed primarily to the mass removal of groundwater.

Zone A Source Area

Adjacent to the Small Bingham Reservoir, the aluminum concentration at SRG946 increased from 933
mg/Lin 2016 to 1,012 mg/L in 2017 (Figure 4-29). As noted above in the discussion of sulfate in SRG946
(Section 4.1.2), due to the remobilization of precipitated minerals in the immediate Zone A Plume source
area, it is likely that aluminum concentrations will continue to be elevated over time in this area;
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especially since this well is screened at the water table where a higher concentration of constituents would
have accumulated due to past infiltration of Small Bingham Reservoir water.

At LRG912, located just up-gradient of the Bingham Reservoirs, aluminum concentrations decreased
from 151 mg/L in 2016 to 117 mg/L in 2017 (Figure 4-30). The aluminum concentrations at LRG912 are
also believed to be in response to the remobilization of minerals in the immediate Zone A Plume source
area, similar to SRG946.

Acid Extraction Well ECG1146 Area

Aluminum concentrations in Acid Extraction Well ECG1146, located approximately 1,500 feet down-
gradient to the southeast of ECG1115, decreased from 590 mg/L in 2016 to 526 mg/L in 2017 (Figure 4-
32) ECG1124A was dry and aluminum increased at ECG1124B from 6.8 mg/L in 2015 to 7.11 mg/L in
2017. ECG1124C was below the detection limit in 2017 (Figure 4-32).

At ECG1115A, B, and C, aluminum decreased in ECG1115A and C and increased in ECG1115B from 2015 to
2017 (Figure 4-31). The decreases include ECG1115A from 941 mg/L in 2015 to 698 mg/L in 2017 and
ECG1115C for same time period from 1,483 mg/L to 1,398 mg/L. ECG1115B, for the same time period,
increased from 584 mg/L to 743 mg/L.

At ECG1118A, located approximately 2,000 feet down-gradient to the east of Acid Extraction Well
ECG1146, aluminum concentrations decreased from 260 mg/L in 2016 to 220 mg/L in 2017 (Figure
4-33). The well has been on an overall decreasing trend since 1996 when aluminum concentrations were
over 1,000 mg/L, but the trend has been less pronounced over the past few years. The leveled off trend
has occurred since concentrations dropped below 500 mg/L.

Acid Extraction Wells BSG1201 and BSG2784 Areas

Between 2016 and 2017, the overall aluminum concentrations in the BSG1201 and BSG2784 areas
continued to decrease. Sampling in the fourth quarter of 2017 after pumping essentially all year from Acid
Extraction Wells BSG1201 and BSG2784, caused minor contraction of 300 mg/L aluminum isocontour
(Figure 4-28). Average aluminum concentrations decreased at BSG1201 from 247 mg/L in 2016 to 218
mg/L in 2017 (Figure 4-34) and at BSG2784, decreased from an average of 237 mg/L in 2016 to an
average of 212 mg/L in 2017 (Figure 4-35).

At BSG1177B, located adjacent to Acid Extraction Well BSG1201, aluminum decreased from 135 mg/L in
2016 to 108 mg/L in 2017 (Figure 4-34). At BSG2782A, located adjacent to BSG2784, aluminum
concentrations decreased from 334 mg/L in 2016 to 266 mg/L in 2017 (Figure 4-35).

At BSG2777A, located approximately 1200 feet down-gradient of Acid Extraction Well BSG2784,
aluminum decreased from an average of 67 mg/L in 2016 to 62 mg/L in 2017 (Figure 4-36).

With continued pumping of Acid Extraction Wells BSG1201 and BSG2784, aluminum concentration
decreases are anticipated to continue for this eastern portion of the Zone A Plume.
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4.3 Arsenic, Cadmium, Copper, and Manganese

In general, the concentrations of arsenic, cadmium, copper, and manganese have been declining in the
acidic plume core due to continued pumping. These metalloids and metals are prevalent where
groundwater has a pH less than or equal to 4.5. Changes are monitored closely at the leading edge of the
PH 4.5 isocontour within the Zone A Plume. Extraction and monitoring wells located downgradient in
the surrounding neutral pH water generally have less than or near detection limit concentrations of
arsenic, cadmium, and copper.

Comparisons of arsenic, cadmium, copper, and manganese for 2016 and 2017 are included in Table 4-1
for each of the three acid extraction wells and in Table 4-2 for two wells at the leading edge of the acid
plume. In both Table 4-1 and Table 4-2, all data presented are averages for the respective year. For 2017
in the acid extraction wells, most of the changes are relatively small with decreases for all three wells for
cadmium, copper and manganese and increases for arsenic in all three wells.

Table 4-1 Arsenic, Copper, Cadmium, and Manganese (mmg/L) in Acid Extraction Wells

ECG1146 BSG1201 BSG2784
2016 2017 2016 2017 2016 2017
Arsenic 0.024 0.032 0.012 0.014 0.018 0.023
Cadmium 0.709 0.685 0.457 0.425 0.594 0.576
Copper 42.563 38.061 11.954 11.132 6.570 6.153
Manganese 259.395 | 228.240 | 113.958 102.083 | 152.814 146.929

Table 4-2 Arsenic, Copper, Cadmium, and Manganese (mg/L) in Leading Edge Wells

BSG1119B BSG2777A
2016 2017 2016 2017
Arsenic 0.009 0.010 <0.02 0.342
Cadmium 0.547 0.495 1.134 1.203
Copper 0.060 0.061 0.079 0.111
Manganese 96.838 92.374 289.615 274.134

At the leading edge of the low pH portion of the Zone A Plume, monitoring wells BSG1119B and
BSG2777A show changes that would be typical for the reaction boundary of low pH groundwater (Figure
4-37 Contoured 2017 pH Values). In general, the arsenic, cadmium and copper concentrations are
relatively low while the manganese concentrations, due to solubility in a wider range of pH, is relatively
high. BSG1119B and BSG2777A are located approximately 2000 feet and 1200 feet down-gradient,
respectively, of Acid Extraction Wells BSG1201 and BSG2784. BSG1119B exhibits decreasing
concentrations of cadmium and manganese from 2016 to 2017 and no significant change for arsenic and
copper. At BSG2777B, the arsenic, cadmium and copper concentrations increased while manganese
decreased. Pumping at BSG1201 and BSG2784 should cause the metalloid and metal concentrations to
generally decrease at these wells over time.

Manganese concentrations within the sulfate plume at B2G1193 are being closely monitored due to
increased changes. In the past four years, the manganese concentration changes measured at Barrier
Extraction Well B2G1193 have leveled out after approximately 5 years of increasing concentrations.
Barrier Extraction Well B2G1193 fourth quarter concentrations over the past ten years include:
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- 0.12mg/Lin 2008,
- 0.35 mg/Lin 20009,
- 0.49mg/Lin 2010,
- 0.73mg/Lin 2011,
- 0.98 mg/Lin 2012,
- 1.04 mg/Lin 2013
- 109 mg/Lin 2014
- 112mg/Lin 2015

- 1.037mg/Lin 2016
- 0.921mg/Lin 2017

The Zone A RO Plant has been shut down since January 7, 2016. KUC, along with input from JVWCD and
West Jordan, executed plans to re-baseline well water and Zone A RO water during 2017. Part of this re-
baseline work included changing well production pumping ratios. During the work, it was found that all
product water had less than 0.025 mg/L, which is half of the manganese secondary water quality
standard (0.05 mg/L). A target of less than or equal to 0.01 mg/L manganese was requested by JVWCD.
To meet this target, plans were made by JVWCD and KUC to purchase a manganese treatment skid. Pilot
testing was conducted to confirm the media selected for use in the skid would perform as designed. This
skid will remove manganese from the blend water so that the product water will have manganese
concentrations consistently at or below 0.01 mg/L.

In Appendix B, time-series plots are included for manganese for select monitoring locations including
Barrier Well B2G1193/B2G1157, leading plume edge monitoring well sets BSG1119 and BSG2777, Acid
Extraction Well BSG1201/BSG1177 and Acid Extraction Well BSG2784/BSG2782 sites. Manganese has a
wide range of solubility and therefore more mobile than other metals and because of this, the manganese
concentration is generally highest at the leading edge of the low pH water. The dissolved manganese
concentrations in the acid plume are generally 100 to 300 times higher in the leading edge of the acid
plume as compared to Barrier Extraction B2G1193 water. B2G1193 is down-gradient of the acid plume
and screened over an approximate 600 feet interval. Within this large screen interval, there is a highly
transmissive zone approximately 60 feet thick at 650-710 feet below ground surface that contains the
elevated manganese. Monitoring well B2G1157B, which is screened at 680-700 feet below surface in the
more transmissive zone of the aquifer and located 150 feet south of B2G1193, had an average of 9.980
mg/L manganese in 2017 while B2G1193 averaged 0.973 mg/L in 2017. B2G1193 manganese averaged
1.026 mg/L in 2016 and it appears the manganese trend over the past four years is leveling out. B2G1157B
had 11.253 mg/L manganese in 2016 while B2G1157A is dry and B2G1157C was non-detect for manganese
consistent since it was installed in the mid-1990s.

4.4 PpH

Groundwater pH isocontours for 2017 are shown on Figure 4-37. The pH contours were generated using
the lowest concentrations (poorest quality) from nested monitoring wells, similar to the generation of the
sulfate contour map (Section 4.1; Figure 4-1). Field measurements of pH are collected at each sampling
event and are inherently subject to variability, so minor changes are expected from year to year.
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Figure 4-38 indicates changes in contoured pH values from 2016 to 2017. In 2017, very minor changes
were noted as compared to 2016. Slight increases and decreases in pH were measured on the eastern
margin of the plume within the 4.5 pH area. The small changes are likely insignificant and within the
measurement error of the instrumentation.

4.4.1 Zone A Plume Core

Monitoring wells in the Bingham Reservoir area historically containing pH values less than 3.5 included
the following; LRG912, B1G951 and SRG946. The pH value for LRG912 was similar for 2016 and 2017
while SRG946 decreased from 3.39 in 2016 to 3.31. At B1G951, pH decreased from 3.62 in 2015 to 3.55 in
2017. Because all three of the previous wells discussed here are within or adjacent to the footprint of the
Large Bingham Reservoir; residual sediments, especially iron hydroxides with sorbed hydrogen ions, will
continue to cause the groundwater pH to remain low.

In the Acid Extraction Well ECG1146 area, two wells, ECG1115A, and ECG1117A, with pH values
previously less than or equal to 3.5, were sampled in 2107. ECG1115A had a pH of 3.53 in 2015 and 2017
value of 3.50. ECG1117A had a 2015 value of 3.76 and in 2017 at 3.71.

In the area near Acid Extraction Wells BSG1201 and BSG2784; only three wells which had pH values near
3.5in 2017 and include Acid Extraction wells BSG1201 and BSG2784 with respective averages of 3.76 and
3.77, and BSG1179C at 3.62.

4.4.2 Leading Edge of Zone A Plume

The average pH at BSG1119B slightly decreased from 2016 to 2017 from 4.66 to 4.52. At BSG2777A, the
average pH slightly decreased from 4.44 in 2016 to 4.38 in 2017. Monitoring wells located east of
BSG1119B and BSG2777A continue to have neutral or near neutral pH values. The nearest monitoring
wells located down-gradient of BSG1119 and BSG2777 are BSG2779A, B and C and BSG1133B; all of
which had observed pH values that remained relatively steady from 2016 to 2017.

Monitoring wells between the Zone A Plume and West Jordan’s municipal wells, including WJG1154,
WJIG1169, WJG1171 and WJG2819, all show steady pH measurements above 7.0.
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Figure 4-1 Contoured 2017 Sulfate Concentrations
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Figure 4-2 Change in Contoured Sulfate Concentrations from 2016 to 2017
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Figure 4-3 Change in Contoured Sulfate Concentrations from 2006 to 2017
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Figure 4-27 Contoured 2017 Aluminum Concentrations
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Figure 4-28 Change in Contoured Aluminum Concentrations from 2016 to 2017
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Figure 4-37 Contoured 2017 pH Values
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Figure 4-38 Change in Contoured pH Values from 2016 to 2017
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5. Groundwater Elevation

KUC performs annual water level measurements at about 348 wells in the greater Zone A Plume area.
Generally, this annual round of water levels is collected between September and early October. KUC uses
the water level data to monitor the response of the alluvial groundwater system to on-going aquifer
remediation activities and nearby municipal groundwater extraction. These data also provide insight into
the relationship between groundwater recharge, storage, and discharge in the principal alluvial aquifer
system.

The results of the water level measurements for 2017 are presented in Appendix D. These water level
measurements were corrected for fluid density effects on potentiometric head. Groundwater with
elevated TDS concentrations has a higher specific gravity than fresh water. Corrections to measured
water levels were performed to convert the measured hydraulic heads to equivalent fresh-water hydraulic
heads. In most portions of the aquifer, where TDS concentrations are moderate, the density corrections
applied to water levels are generally small (i.e. less than one foot). In areas where groundwater TDS
concentrations are appreciably elevated, such as within the Zone A plume core, the density corrections
may be on the order of several feet.

5.1 Groundwater Gradients

A contour map of water level elevations in the upper portion of the alluvial aquifer in the Zone A Plume
for September 2017 is presented on Figure 5-1. Data from extraction wells are omitted from the
contouring dataset unless the respective well was not pumped for a sufficient amount of time for the
water level to recover. However, in 2017 the extraction wells were online during the time of water level
measurements and were not used in contouring. Some wells along the western margin of the alluvial
aquifer that are screened in shallow bedrock were also used to draw the water level contour maps. The
contour lines shown in Figure 5-1 were generated using the computer program Surfer 8 by Golden
Software, Inc. and water elevation values from approximately 160 of the wells measured in September
2017.

As shown on Figure 5-1, the hydraulic gradient in the upper portion of the alluvial aquifer is from west to
east. Recharge to groundwater occurs in the west along the waste rock margin and flows east toward
lower elevation regions closer to the center of the southwestern Jordan Valley. The initial hydraulic
gradient in the west portion of the alluvial aquifer is steep (approximately 0.07 or 370 feet per mile) from
the waste rock margin to just up-gradient of Acid Extraction Well ECG1146. The hydraulic gradient then
decreases (approximately 0.035 or 186 feet per mile) from Acid Extraction Well ECG1146 toward the area
just down-gradient of Acid Extraction Wells BSG1201 and BSG2784. The hydraulic gradient decreases
further (approximately 0.014 or 75 feet per mile) down-gradient of the acid plume water quality
monitoring wells. Hydraulic gradient variability is expected in part due to the lateral heterogeneity in
hydraulic conductivities of alluvial sediments.

The influence of groundwater pumping is apparent in deflections of the contour lines near the KUC
extraction wells. In the western portion of the Zone A Plume, the water level contours show a general
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deflection for a relatively large area at and up-gradient of Acid Extraction Well ECG1146, indicating that
water from that area is being captured at ECG1146.

Another area showing contour deflections is centered near Barrier Extraction Wells BFG1200, B2G1193
and BSG2828. Even though all three wells were pumped sparingly during 2017, previous years
drawdown is still apparent. This area, along with the West Jordan Municipal Well Field to the north,
represents a large area of groundwater extraction. West Jordan regularly pumps their extraction wells
during the months of May through September, depending on water needs. This entire area has
experienced heavy pumping for a number of years and continued heavy pumping is anticipated based on
both remedial requirements and public drinking water demand.

Barrier Extraction Well LTG1147 was only pumped sporadically in 2017 depending upon process water
requirements. No water pumped from LTG1147 in 2017 was sent to the Zone A RO Water Treatment
Plant.

The Lark Clean Water Well LTG1139, located approximately one-mile up-gradient of LTG1147, was
pumped sporadically during 2016-2017 at variable rates depending upon process water requirements.
This was a significant decrease from 2013 when Lark Clean Water Well LTG1139 was pumped throughout
the majority of the year (approximately 600 acre-feet extracted in 2013 while approximately 300 acre-
feet were extracted in 2014, 349 acre-feet in 2015, 199 acre-feet in 2016 and 125 acre-feet in 2017). As a
result, the relatively large deflection in the water level contours at LTG1139 due to increased pumping in
2013 is reversed for 2014-2017.

Consistent with previous years, large vertical hydraulic gradients were generally not observed in the Zone
A Plume area (away from pumping wells) during 2017. Moderate vertical gradients were observed in
some localized areas. The lack of appreciable vertical hydraulic gradients is consistent with the generally
unconfined condition of the alluvial aquifer system for the project area.

5.2 One-Year Water Level Elevation Changes

The contoured change in water levels in the upper portion of the alluvial aquifer in the Zone A Plume area
between September 2016 and September 2017 is presented in Figure 5-2. Areas of increasing and
decreasing water levels were contoured on 1-foot intervals.

Water levels from September 2016 to September 2017 along the Eastside Collection System, Butterfield
Canyon, and at the mouth of Bingham Canyon have generally increased from about one to ten feet; with
the majority of the largest increases in the northeast portion of the Eastside collection area. The bedrock
water level in the mouth of Butterfield increased by more than five feet in ECG933 in 2017.

Between September 2016 and September 2017, water levels in the western portion of the Zone A Plume,
near Acid Extraction Well ECG1146, decreased from one to seven feet; the largest decreases centered
directly around Acid Extraction Well ECG1146.

From September 2016 and September 2017, water levels continued to decline in the central portion of the
Zone A Plume area near Acid Extraction Wells BSG1201 and BSG2784 in response to relatively

South Facilities Groundwater April 2018
2017 Remedial Progress Report Page 5-2
Version 2



Rio Tinto Kennecott | Environment, Land and Water

continuous pumping throughout 2017. Changes in this area include declines of one to five feet from 2016
to 2017.

Water levels in the immediate vicinity of Barrier Extraction Wells B2G1193 and BFG1200 showed
increases of one to three feet from September 2016 to September 2017. This trend, similar to 2016, is due
to the less extraction from the Barrier Extraction Wells in 2017. In addition, by adding BSG2828 in late
2012 and its extraction combined with lower extraction rates respectively from B2G1193 and BFG1200,
previous water level declines were reversed from 2012 through 2017.

Water levels in the area surrounding the Lark Clean Water Well LTG1139 showed a continued increase in
the 1 to 12 feet range from September 2016 and September 2017. The increase in water level is attributed
to significantly less extraction performed in 2016- 2017 versus the heavier pumping during 2013.

Water level increase is apparent in the immediate area of Barrier Extraction Well LTG1147, which was
pumped sporadically throughout 2017. However, due to previous year’s extraction rates, contours more
distant to Barrier Extraction LTG1147 indicate two feet of drawdown.

KUC monitors six well locations in the Herriman area (W403, P267B, HMG1856 and LTG1167A, B and
C).Water levels indicate a decrease at LTG1167B of two feet northwest of Herriman to an increase in the
water table of five to seven feet in the western Herriman area from September 2016 to September 2017.

5.3 Water Level Changes from 1996 to 2017

Figure 5-3 shows changes in water levels in the upper portion of the alluvial aquifer in the Zone A Plume
area from 1996 to 2017. Water level data from 1996 used to create this map is reported in Appendix C.
The year 1996 represents the initiation of remedial pumping at Acid Extraction Well ECG1146. Figure 5-3
shows the long-term effects of remedial pumping on the alluvial aquifer system. However, multiple
hydrodynamic stressors have influenced water level changes during this time-period. These
hydrodynamic stressors include previous artificial recharge from the Bingham Reservoir System (1965 to
1992), improvements in water capture by the Eastside Collection System in the 1990s, pumping at Barrier
Extraction Wells B2G1193 (K60) and BFG1200 (K109) prior to 1996, municipal extractions in West
Jordan and Herriman, and variations in precipitation/recharge.

The largest area of water table decline is centered adjacent to Acid Extraction Well ECG1146. The area of
influence from pumping at ECG1146 is elongated from north to south as represented by the minus 100-
foot contour. The hydraulic transmissivity for this area is relatively low compared to the pumping areas
near the two eastern acid extraction wells (BSG1201 and BSG2784) and near the eastern barrier
extraction wells (BFG1200, B2G1193 and BSG2828).

In the central portion of the Zone A Plume, where Acid Extraction Wells BSG1201 and BSG2784 are
located, the maximum water table decline is centered in a north-south area that is approximately two
miles long and includes WJG1169 to the north and LTG1147 to the south. The decline for this area from
1996 through 2017 is greater than 110 feet on the north and in the 100 feet range on the south. The
majority of decline in this area occurred after 2003 when pumping was initiated at BSG1201.
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For the area that includes Barrier Extraction Wells BFG1200, B2G1193, and BSG2828, the water level
decline from 1996 through 2017 is as much as 55 feet, slightly less than previous years. For this area,
there is less of a pronounced centered area or sink at the pumping wells, which reflects the higher
hydraulic transmissivity for this area and wider spaced extraction including extraction by West Jordan on
the north.

The combined effect of pumping from the acid extraction wells and barrier extraction wells influences a
large area as represented by the 50-foot water level decline isocontour (Figure 5-3). This large area of
decline is influenced by both KUC extraction and groundwater extraction from private and municipal
wells in the West Jordan and Herriman areas.
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Figure 5-1 Contoured September 2017 Water Surface Elevation
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Figure 5-2 Change in Water Surface Elevation September 2016 to September 2017
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Figure 5-3 Change in Water Surface Elevation 1996 to 2017
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6. Subsidence

KUC measures ground surface elevation in the Zone A Plume area to assess possible ground subsidence
caused by groundwater extraction. In July 2017, KUC monitored ground elevation at six monitoring well
survey sites. Similar to previous years, the 1973 West land survey monument was measured. The
monument is located near the northwest corner of Section 15, in Township 3 South, Range 2 West, which
is on the northern edge of the plume area. More updated survey equipment was used in 2016-17
compared to previous surveys.

The surveyed monitoring well sites are shown on Figure 6-1 with respect to the change in water surface
elevation from 1996 to present. Generalized location descriptions are provided below:

1. Two wells on the western edge of the plume area (K105 and ECG1116);

2. One well in the acid core of the plume and adjacent to the west-most acid extraction well
(ECG1124);

One well located 1,000 feet east of Acid Extraction Well BSG1201 (BSG1180);

Two_wells within a 4,500-foot radius of Barrier Extraction Wells B2G1193 and BFG1200 and
located south and north of Bingham Creek (BSG1137 and BFG1156 respectively).

The monitoring well sites (used as survey locations) located near the acid and barrier extraction wells
coincide with the greatest observed decreases in water elevation. Each well has a concrete pad that
surrounds the steel surface casing and five of the wells have a steel bolt installed into the concrete pad.
The only well without a steel bolt (K105) was surveyed on the top edge of the steel surface casing.

The sites were surveyed using a global positioning system (GPS) unit (Trimble 40000ssi Base and
Trimble 5800 Rover). The degree of accuracy of this GPS unit is approximately 0.04-0.08 feet for
horizontal and 0.08 to 0.15 feet for vertical. The survey data utilize NAD83 (North American Datum of
1983 for horizontal) and NAVD88 (North American Vertical Datum of 1988). Elevations are calculated
using the Geoid 2012 CONUS Model. Ground elevation measurements over time are reported in Table 6-1
and shown on Figure 6-2.

Observed ground elevation changes are considered minimal. For the survey points, it would appear the
differences are not currently attributed to subsidence resulting from remedial groundwater extraction.
The small variations in elevation measurements are attributed to the variability inherent in surveying
measurement systems.
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Table 6-1 Subsidence Survey Data (Elevation Feet AMSL)

Survey 12/19/02 7/11/16 7/6/2017 2016-17 2002-17
Site Survey Survey Survey Difference | Difference
ECG1116 5318.519 5318.69 5318.72 0.03 0.20
ECG1124 5250.985 5251.05 5251.16 0.11 0.18
BSG1137 4941.591 4941.78 4941.76 -0.02 0.19
BFG1156A 4997.262 4997.39 4997.42 0.03 0.16
BSG1180 5078.004 5078.23 5078.23 0.00 0.23
K105 5341.950 5342.21 5341.99 *-0.22 0.04
1973 West 5206.69 5206.69 0.00 NA

*Measurement taken on north side of inner casing while 2016 measurement taken on top of outer lid.
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Figure 6-1 Subsidence Survey Monitoring Locations
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Figure 6-2 Time-Series Plots of Ground Elevation Measurements
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Figure 6-2 Time-Series Plots of Ground Elevation Measurements (Continued)
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7. Tailings Chemistry

KUC manages groundwater extracted from the acidic core of the Zone A plume and other mining-affected
waters in the Copperton Concentrator process circuit. Other mining-affected waters managed in the
process circuit include meteoric drainage from the Eastside Collection System, concentrate from the KUC
Zone A RO Water Treatment Plant and dewatering from the Bingham Canyon Mine. Acidic Zone A
Plume groundwater and meteoric drainage are all pumped through the Wastewater Disposal Pump
Station (WWDPS) to Box AO.25 on the tailing pipelines while the RO concentrate is pumped to Box H1A
at the beginning of tailing pipelines, both located downstream of the Copperton Concentrator. The
dewatering flows from the Bingham Canyon Mine are either pumped directly to the Copperton
Concentrator or routed to WWDPS.

KUC adds lime at the Copperton Concentrator to maintain a high pH and suppress sulfides during ore
processing. In addition, ore from the Bingham Canyon Mine naturally contains variable amounts of
carbonate minerals. The high alkalinity of the tailings process water serves to neutralize the acidity in the
low pH water added to the tailings line from the WWDPS. The small volume of metal and gypsum
precipitates that result are co-deposited within a much larger mass of tailings in the North Tailings
Impoundment. KUC monitors the chemistry of the tailings system to assure that acidic plume waters
and other mining-affected waters do not adversely influence the process water system or the long-term
acid-generating potential of the tailings.

7.1 Tailings Flow and pH

KUC continuously monitors the flow of acid water pumped from the WWDPS and the tailings slurry
aqueous pH at the North Splitter Box (NSB). Reported in Appendix D are the daily data for both
parameters from 2017 and presented in Figure 7-1 using a 7-day rolling average. Figure 7-1 also
presents ore throughput at the Copperton Concentrator, which directly correlates to tailings production
reporting to the tailings line.

The monitoring data show that in 2017 the tailings process circuit maintained a pH greater than or equal
to 6.7 during more than 90% of the time at the NSB, thereby meeting the management criteria listed in
Appendix A of the OM&R Plan (KUC 2009). pH values may also be below 6.7 when pipeline cleaning
occurs where water from WWDPS is allowed into the respective tailings line being cleaned and its pH
value is recorded at the NSB however in 2017 this was not observed in the data collected.

7.2 Tailings Aqueous Chemistry

As specified by the monitoring program described in Appendix A of the OM&R Plan (KUC 2009), KUC
collects aqueous metals concentrations in tailings at NSB to confirm that the geochemical processes
identified during the Remedial Investigations are continuing.

There are no numeric criteria for the specific chemical conditions — other than pH, alkalinity, and
neutralization potential (NP) — within the process circuit. Data presented in Appendix D show that the
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pH-driven solubility controls on dissolved metals identified in laboratory and field-scale pilot testing
continue to operate.

7.3 Tailings Neutralization Potential

KUC monitors neutralizing potential (NP) on a monthly basis in general mill tailings (GMT), which
provides tailings neutralization characteristics prior to the introduction of acidic water flows. NP and
aqueous alkalinity at the NSB are also monitored, which show the characteristics of reacted tailings and
the availability of aqueous NP. KUC uses these data to measure ongoing operations against management
criteria and assess the impact of acid water neutralization on the long-term acid rock drainage potential
of the tailings. Several monthly samples at the GMT were not collected due to sample splitter malfunction
and when the December samples were to be collected, the Concentrator was down.

Presented in Table 7-1 and Table 7-2 are the monthly and 6-month rolling average NP and aqueous
alkalinity data, respectively. The NP values at the NSB were greater than the management criteria
minimum threshold of 5 tons CaCO3 eq/kt over 90% of 2017. The aqueous alkalinity values at the NSB
were also greater than the required 10 mg CaCO3 eq/1 for the 6-month average over 90% of 2017. The NP
and aqueous alkalinity were both evaluated as required by Appendix A of the OM&R Plan (KUC 2009).

7.4 UPDES Permit Compliance

KUC maintained compliance with UPDES discharge limits for metals concentrations throughout 2017.
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Table 7-1 2017 Tailing Neutralizing Potential (t CaCO3/kt)

Monthly 6-Month Average
Date GMT NSB GMT NSB

Jan-17 13 13 27 26
Feb-17 19 15 21 19
Mar-17 30 23 21 17
Apr-17 40 36 23 19
May-17 15 15 24 19
Jun-17 12 9 22 19
Jul-17 NA 20 23 20
Aug-17 17 8 23 19
Sep-17 21 8 21 16
Oct-17 NA 13 16 12
Nov-17 10 12 15 12
Dec-17 NA NA 16 12

Table 7-2 2017 Aqueous Alkalinity (mg CaCO3/1)

Monthly 6-Month Average
Date GMT NSB GMT NSB

Jan-17 68 45 63 63
Feb-17 30 35 65 61
Mar-17 25 24 58 44
Apr-17 46 60 52 42
May-17 72 24 52 40
Jun-17 36 55 46 41
Jul-17 NA 88 42 48
Aug-17 NA 55 45 51
Sep-17 66 62 55 57
Oct-17 NA 75 58 60
Nov-17 41 28 48 61
Dec-17 NA NA 54 62
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Figure 7-1 2017 Tailings Circuit Monitoring Data (7-Day Average)
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Appendix A

Groundwater Chemistry Data
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Appendix B

Time-Series Plots for Monitoring Wells Not Included in
Body of Report
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Appendix C

2017 Groundwater Level Monitoring Data
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Appendix D
Tailings Monitoring Data 2017
D-1 Daily Tailings Monitoring Data

D-2 Monthly Tailings Aqueous Chemistry
Monitoring Data
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