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Executive Summary

This Pilot Testing Report summarizes the results of pilot testing from April 2016 through the completion
of the pilot study in October 2016. The information gathered through the pilot study supports the Judge
and Spiro Tunnels Mining-Influenced Water (MIW) Water Treatment Evaluation project.

This pilot study was conducted to support the design of the full-scale MIW treatment plant. This
document includes a definition of pilot testing objectives and identification of the key questions that
were identified to be answered during pilot testing. This document presents data and key findings from
the pilot study to address the identified key questions. A key finding of this pilot study was that both
tunnel waters can be treated utilizing the same treatment process.

The preferred treatment approach for the MIW facility is as follows:

e Pre-oxidation with chlorine

e Rapid mix/flocculation/sedimentation at elevated pH of 8.2

e Granular media filtration using deep-bed pyrolusite (manganese dioxide ore) media
e  Post-filter adsorption with titanium dioxide media at a pH of 6.5t0 7.6

These treatment processes meet the pilot study operational goals and produce treated water that
meets Park City Municipal Corporation (PCMC)’s water quality goals. Following these treatment steps,
water used for drinking water will be conditioned, disinfected, and pumped to the distribution system.
Water for stream discharge will be dechlorinated and discharged.

From the pilot testing results described in this document, the preferred treatment train offers the
following advantages for PCMC:

e The preferred treatment train, with a settled water pH set point of 8.2, consistently meets drinking
water maximum contaminant levels (MCLs) and stream discharge permit limits for regulated metals.

o The preferred treatment train is capable of meeting all other relevant drinking water limits,
including the requirements of the Surface Water Treatment Rule consistent with conservative
planning by PCMC.

e The preferred treatment train can effectively treat Judge Tunnel water alone, Spiro Tunnel water
alone, and any ratio of blended Judge and Spiro water.

e The preferred treatment train is robust and can withstand variations in turbidity, short-term loss of
chemical feeds, and rapid changes in operating parameters.

e The preferred treatment train provides multiple barriers for the metals of concern.

The pilot granular media filters with deep-bed pyrolusite media performed comparably at filter loading
rates from 5 to 12 gallons per minute per square foot (gpm/sf). A high quality filtered water was
produced across this range of filter loading rates.

CH2M HILL ENGINEERS, INC. ES-1



SECTION 1
Introduction and Purpose

This pilot study provided key results to support the design of the full-scale MIW treatment plant. This
Pilot Testing Report includes a definition of pilot testing objectives and identification of the key
guestions that were identified to be answered from pilot testing. This document presents data and key
findings from the pilot study to address the identified key questions.

1.1 Background Information

PCMC has been issued Utah Pollutant Discharge Elimination System (UPDES) permits for the discharge of
waters from Judge and Spiro Tunnels. PCMC entered into a Stipulated Compliance Order (SCO),
concurrent with the issuance of the permits, which established schedules and certain terms and
conditions for bringing the tunnel water discharges into compliance with the UPDES permits. PCMC (and
other entities) currently use the mine tunnel waters for municipal drinking water, irrigation, and
snowmaking. The Judge and Spiro Tunnels MIW Treatment Evaluation developed plans for meeting
drinking water requirements and the SCO requirements for the tunnel waters. Pilot testing represented
a key step in finalizing the selection of the preferred treatment process for Judge Tunnel water, Spiro
Tunnel water, and combined tunnel water flows.

1.2 Purpose of Pilot Testing

In order to demonstrate proof of performance (i.e., validating full treatment train effectiveness and
updating desktop cost estimates) for treatment of Judge and Spiro Tunnel waters for drinking water
and/or stream discharge, PCMC commissioned this pilot study. Pilot testing focused only on the best
options from the evaluation of alternatives and benefit-cost analysis completed previously

(“Desktop Evaluation Study,” CH2M HILL, July 2015). Pilot operational parameters were set based on the
chemical doses that provided effective treatment results during previous bench-scale testing (Water
Quality & Treatment Solutions, September 2016). Pilot testing provided verification of design
parameters and set the stage for conceptual, preliminary, and final design of the MIW treatment
facilities.

Specifically, pilot testing built on the previous project decisions, and the main liquids treatment process
tested at pilot-scale consisted of pre-oxidation, flocculation, sedimentation, filtration, and adsorption.

1.3 Finished Water Quality Goals and Targets

Pilot testing provided performance data on removal of each of the metals of concern, as identified in
Table 1-1. The metals shown in Table 1-1 are those that have been measured at concentrations of at
least 50 percent of the drinking water MCL or that are specifically limited as part of the UPDES discharge
limits for the two mine tunnel waters.

CH2M HILL ENGINEERS, INC. 1-1



SECTION 1 INTRODUCTION AND PURPOSE

Table 1-1: Metals of Concern for PCMC's Mining-Influenced Waters

Judge Tunnel Spiro Tunnel

Antimony (MCL and stream discharge) Antimony (MCL and stream discharge)
Arsenic (MCL) Arsenic (MCL and stream discharge)
Cadmium (MCL and stream discharge) Cadmium (MCL and stream discharge)
Lead (MCL and stream discharge) Lead (MCL)

Mercury (MCL and stream discharge)* Mercury (MCL and stream discharge)*

Selenium (MCL and stream discharge)*

Thallium (MCL and stream discharge)

Zinc (stream discharge) Zinc (stream discharge)

Note: *indicates all concentrations measured are less than the relevant limits, so removal through

treatment is not required.
In addition to the constituents shown in Table 1-1, treatment targeted the removal of iron and
manganese to levels well below the secondary MCLs. In both tunnel waters, there are also stream
discharge limits for total suspended solids and pH, and pilot data provided data to compare to these
requirements. Pilot testing provided performance data for the removal of turbidity and other
parameters of interest for treatment performance and regulatory requirements. Finally, pilot testing
provided representative treated water samples for use in Whole Effluent Toxicity (WET) testing.

For the pilot study, the most stringent stream discharge permit (SDP) limit from the Judge or Spiro
permit was considered in setting the treatment goals shown in Table 1-2. The treatment goals for the
pilot were assumed to be 75 percent of the lower permit value between the drinking water MCL and the
most stringent SDP limit. For manganese, the treatment goal was 20 percent of the secondary MCL,
consistent with the goal established by PCMC for their Quinns Junction Water Treatment Plant (QJWTP).

Table 1-2: Treatment Goals

Analyte® MCL or SMCL SDP Limit Treatment Goal
Antimony, Total 6 5.6 4.2
Arsenic, Total 10 10 7.5
Cadmium, Total 5 0.42 0.32
Thallium, Total 2 0.24 0.18

Zinc, Total 5,000 198 149
Selenium, Total 50 4.6 3.5
Mercury, Total 2 0.012 0.009

Iron, Total 300 NA 225
Manganese, Total 50 NA 10

aAll concentrations are in pg/L.

1-2 CH2M HILL ENGINEERS, INC



SECTION 1 INTRODUCTION AND PURPOSE

1.4 Key Questions to Be Addressed by Pilot Testing

The key questions that were identified to be addressed during pilot testing were as follows:

e Does the optimum treatment approach from the previous decision evaluation and bench-scale
testing perform as expected, meeting PCMC water quality goals, including drinking water MCLs and
stream discharge limits for Judge Tunnel water, Spiro Tunnel water, and combined tunnel water?

e Does the same treatment approach perform acceptably under varying seasonal water quality? How
does the treatment process perform during periods of miner activity in the tunnel? How does the
process respond to or recover from an upset?

e Does pilot testing identify any limitations of the treatment approach that must be addressed in
full-scale facility design and/or operations? Are there key findings from pilot study operations that
help to familiarize operators with the treatment approach?

e To what extent is each metal of interest removed through each treatment step? Does this
information support blending and bypass treatment alternatives that could be used to reduce the
capital and operations and maintenance (O&M) cost of the full-scale treatment facility?

e Does the optimum treatment approach pass the required WET tests and allow regulatory approval
of WET testing results?

e Do adsorption media performance and media capacity match projections and allow for selecting a
preferred type of media?

e From the solids and discharge streams, how do the residuals settle and dewater? Do residuals pass
the toxicity characteristic leaching procedure (TCLP)? What are the estimated solids quantities by
water source and blend ratio?

e What chemical doses are required to stabilize finished water for the distribution system?

e What are the updated and/or refined design criteria for full-scale (i.e., flocculation time, filter
loading rates, empty bed contact time for adsorption, chemical doses)? Does the data generated
during pilot testing demonstrate these design criteria to Utah’s Division of Drinking Water (DDW)
and/or the Division of Water Quality (DWQ)?

e What are the chemical and energy costs for the full-scale facility? How much truck traffic will be
associated with chemicals, solids, and media replacement during full-scale plant operation?

e What are the updated and/or refined construction and O&M costs for full-scale?

1.5 Summary of Pilot Testing Tasks

The completed pilot testing tasks were as follows:

e Task 1 —Bench-Scale Testing

e Task 2 — Pilot Plant Commissioning

e Task 3 —Treatment for Metals Removal

e Task 4 — Challenge Testing and WET Test #1

e Task 5 — Adsorption Testing to Assess Exhaustion and WET Test #2

This final report is based on data, observations, and results from Tasks 2 through 5. The work
summarized in this Pilot Testing Report is based on pilot testing results through October 31, 2016, the
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SECTION 1 INTRODUCTION AND PURPOSE

final day of testing for Tasks 2 through 5. The results from bench-scale testing performed for Task 1 have
been summarized separately (WQTS, September 2016).

In the coming months, PCMC plans to continue adsorption testing on Spiro Water Treatment Plant
filtrate. Any additional conclusions from this testing will be summarized in a separate report.

The Pilot Testing Protocol (CH2M Hill, March 2016), presented in Appendix G, contains additional testing
details, descriptions of pilot equipment, pilot schedule, and experimental methods.
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SECTION 2

Summary of Judge and Spiro Raw Water Quality

This pilot study provides key information to support the
design and construction of a facility that must ultimately
be able to treat Spiro Tunnel Water, Judge Tunnel Water,
and a blend of the two waters. The initial phase of the
MIW plant is likely to be able to treat all available Judge
Tunnel water and up to a 4:1 blend of Spiro-to-Judge
water. Future phases may require treating Spiro Tunnel
water alone or treating a higher blend of Spiro-to-Judge
water.

Testing included multiple water sources: Spiro Tunnel
water alone, Judge Tunnel water alone, a 2:1 blend of
Spiro-to-Judge water, and a 4:1 blend of Spiro-to-Judge
water.

Box-plots have been created to illustrate the range of data

compiled during pilot testing. Figure 2-1 provides a key for  Figure 2-1: Definition of a Box Plot

reading the box plots included herein. As shown, the box plots provide an illustration of the range of
results encountered for a given parameter.

2.1 Raw Water Metals Concentrations

Over the course of the pilot study, Judge Tunnel raw water and Spiro Tunnel raw water were routinely
analyzed for the metals of concern. Figures 2-2 through 2-10 and Tables 2-2 and 2-3 provide a summary
of the data for the Judge and Spiro Tunnel raw waters for the metals of concern. The data presented
represents raw water samples collected between April 7 and October 31, 2016. The number of samples
collected during this time varied between metals. Table 2-1 presents the number of raw water samples
collected per metal.

The April 13 sample for antimony, arsenic, cadmium, iron, manganese, thallium, and zinc for Judge raw
water was omitted due to laboratory errors.

Table 2-1: Number of Raw Water Samples Collected from April 7 through October 31, 2016

Analyte Number of Judge Samples Collected Number of Spiro Samples Collected?
Antimony, Total 49 45
Arsenic, Total 57 53
Cadmium, Total 60 56
Iron, Total 57 53
Manganese, Total 60 56
Thallium, Total 60 56
Zinc, Total 60 56
Selenium, Total 38 35
Lead, Total 38 38

agxcludes 9 upset samples shown in Table 2-7.

Each graph shows the drinking water MCL, SDP, and method detection limit (identified as ‘ND’ for
nondetect).
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Manganese Concentration, pg/L

Figure 2-6: Total Raw Water Manganese

SECTION 2 SUMMARY OF JUDGE AND SPIRO RAW WATER QUALITY

Figure 2-7: Total Raw Water Lead
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Figure 2-10: Total Raw Water Selenium
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Due to the sampling complexity and costs of analysis, only four samples of low-level mercury were taken
on the raw water sources in normal conditions. Six additional low-level mercury samples were collected
during a period of high turbidity in the Spiro Tunnel; these results are discussed further in Section 3.3.
Figure 2-11 illustrates the mercury levels in Spiro and Judge Tunnel over the course of the pilot study.

Figure 2-11: Total Raw Water Mercury
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Based on the raw water data gathered during the pilot study:

e Spiro Tunnel water contains raw water total arsenic at levels approximately 4 to 5 times the stream
water discharge permit limit while Judge Tunnel water has total arsenic levels of about 50 percent of
the stream water discharge permit limit. The stream discharge permit limit and the MCL for arsenic
are the same value. Thus, arsenic removal is required from Spiro Tunnel water.

e Spiro Tunnel water contains raw water antimony at levels approximately 1.3 times the drinking
water MCL while Judge Tunnel water has antimony levels approximately at the MCL. The stream
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discharge permit limit is slightly lower than the MCL. Removal of antimony is required from both
tunnel water sources.

e Judge Tunnel water contains raw water cadmium at levels approximately 5 times the stream
discharge permit limit but 50 percent of the drinking water MCL. Spiro Tunnel water has trace
amounts of cadmium, at concentrations approximately 50 percent of the stream discharge permit
limit. Thus, cadmium removal is required from Judge Tunnel water.

e Spiro Tunnel water contains iron at levels greater than the secondary MCL. Additionally, iron
concentrations in Spiro Tunnel water range widely and include some outliers. Judge Tunnel water
iron levels were below the secondary MCL. There is no stream discharge permit limit for iron.

e Spiro Tunnel water and Judge Tunnel water had observed values of manganese below the secondary
MCL. Spiro Tunnel water had approximately three times more manganese than Judge Tunnel water.
Both sources had outliers associated with manganese levels. There is no stream discharge permit
limit for manganese.

e On occasion, Spiro Tunnel water may contain lead at levels above the stream discharge permit limit.
There is a large spread in the Spiro Tunnel water lead levels as compared to the other metals
sampled, including an outlier of 30.2 pg/L. This outlier is greater than the MCL and the stream
discharge permit limit. Judge Tunnel water lead levels were below the MCL and the stream
discharge permit limit. Removal of lead is required from Spiro Tunnel water.

e Spiro Tunnel water contains thallium at more than 12 times the stream water discharge permit limit.
Additionally, the level exceeds the drinking water MCL. Judge Tunnel water did not contain thallium,
with all samples at or below the detection limit. Removal of thallium is required from Spiro Tunnel
water.

e Spiro Tunnel water contains zinc at levels that are typically below the stream discharge permit limit.
However, there were three outliers above the stream discharge permit limit. Judge Tunnel water
contains zinc levels at 3 to 4 times the stream discharge permit limit. The secondary MCL is 10 times
the stream discharge permit limit, and zinc in both sources is below the drinking water limit.
Removal of zinc is required from Judge Tunnel water.

e Spiro Tunnel water contains selenium at approximately 65 percent of the stream discharge permit
limit. Judge Tunnel water contains selenium at approximately 45 percent of the stream discharge
permit limit. Since the MCL is 10 times the stream discharge limit, selenium in both sources is below
the drinking water MCL.

e Spiro Tunnel water and Judge Tunnel water both have very low levels of detectable mercury. Spiro
Tunnel water has slightly higher values, which are still less than 30 percent of the stream discharge
permit limit. Judge Tunnel water values are closer to 10 percent of the stream discharge permit
limit. Mercury in both sources is well below the drinking water MCL.

As part of the Desktop Evaluation Summary: Judge and Spiro Tunnels Mining-Influenced Water
Treatment Evaluation (CH2M Hill, July 2015), historic mine tunnel metal concentration data in both raw
water sources was analyzed and summarized. The data collected during this pilot study is within similar
ranges as previously observed and there have been no discernible patterns for seasonal variances
experienced during the pilot study. Appendix E includes time-series plots showing both historic data and
data collected in the pilot study.
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Table 2-2: Summary of Judge Tunnel Metal Concentrations®®

Analyte Minimum Lower Quartile® Median Upper Quartile® Maximum MCL or SMCL SDP ND¢
Antimony (ug/L) 5.1 (4.9) 5.6 (5.3) 6.1 (5.9) 6.5 (6.3) 7.4 (7.0) 6 5.6 0.25
Arsenic (ug/L) 2.3(1.1) 3.2(1.6) 3.5(1.8) 4.4(2.0) 9.3 (5.0) 10 10 0.25
Cadmium (ug/L) 1.9 (1.7) 2.4(2.2) 2.6 (2.4) 2.9(2.7) 3.8(3.4) 5 0.42 0.1
Iron (ug/L) 70 (10) 110 (10) 120 (10) 150 (10) 500 (220) 300 NA 10
Lead (pg/L) 0.9 (0.25) 1.2 (0.25) 1.4 (0.25) 1.8 (0.25) 3.1 (1.00) 15 6.8 0.25
Manganese (pg/L) 4.4 (4.3) 5.9 (5.9) 7.5(7.4) 8.8(8.7) 12.5(11.8) 50 NA 0.25
Selenium (ug/L)¢ 1.4 (1.3) 1.8(1.7) 1.9(1.8) 2.1(1.9) 3.6 (3.8) 50 4.6 0.25
Thallium (ug/L) 0.1(0.1) 0.1(0.1) 0.1(0.1) 0.1(0.1) 0.1(0.2) 2 0.24 0.1
Zinc (ug/L) 590 (290) 720 (640) 770 (700) 855 (800) 1,250 (1,050) 5,000 198 5
Notes:

aTotal and dissolved concentrations are presented. Dissolved concentrations are shown in parentheses.
bTotal metals concentrations are as presented in Figure 2-2 through Figure 2-10.

The lower quartile represents the 25t percentile of data and the upper quartile represents the 75t percentile of data.

dDissolved concentrations may be greater than total concentrations due to a variable number of total and dissolved samples.
eND indicated values not detected at the corresponding Minimum Reporting Limit (MRL). ND limit was quantified as 50% of the Minimum Reporting Level for analysis.
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Table 2-3: Summary of Spiro Tunnel Metal Concentrations®?

Analyte Minimum Lower Quartile© Median Upper Quartile® Maximum MCL or SMCL SDP ND®
Antimony (ug/L) 7.0 (6.5) 7.8 (7.3) 8.1(7.5) 8.3(7.8) 9.3 (8.5) 6 5.6 0.25
Arsenic (ug/L) 32.5(12.3) 42.7 (14.7) 44.8 (19.1) 48.1(21.0) 74.4 (44.4) 10 10 0.25
Cadmium (ug/L) 0.1 (0.1) 0.2 (0.2) 0.2 (0.2) 0.3(0.2) 0.4 (0.3) 5 0.42 0.1
Iron (ug/L) 350 (10) 450 (10) 500 (20) 760 (40) 1,970 (430) 300 NA 10
Lead (pg/L) 1.4 (0.25) 2.3(0.25) 2.8 (0.25) 6.3 (0.25) 30.2 (1.00) 15 6.8 0.25
Manganese (pg/L) 20.9 (17.5) 25.4(20.4) 28.8 (21.7) 33.3(24.0) 74.8 (33.9) 50 NA 0.25
Selenium (pg/L) 2.4 (2.3) 2.7 (2.6) 2.9(2.7) 3.2(3.1) 3.6 (3.5) 50 4.6 0.25
Thallium (ug/L)¢ 2.5(2.4) 2.9(2.9) 3.1(3.0) 3.3(3.2) 3.7 (3.8) 2 0.24 0.1
Zinc (ug/L) 90 (90) 120 (110) 140 (120) 170 (140) 440 (390) 5,000 198 5

aTotal and dissolved concentrations are presented. Dissolved concentrations are shown in parentheses.

bTotal metals concentrations are as presented in Figure 2-2 through Figure 2-10.

The lower quartile represents the 25 percentile of data and the upper quartile represents the 75th percentile of data.

d Dissolved concentrations may be greater than total concentrations due to a variable number of total and dissolved samples.

eND indicated values not detected at the corresponding Minimum Reporting Limit (MRL). ND limit was quantified as 50% of the Minimum Reporting Level for analysis.
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2.2 Raw Water Turbidity

On-line instruments measured raw water turbidity at the pilot plant and the full-scale Spiro Water
Treatment Facility where the pilot study was conducted. Turbidity was measured at the
following locations:

e Judge Tunnel — PCMC maintains the Judge Tunnel turbidimeter. This meter is located near the
entrance to Judge Tunnel and data was logged to the PCMC SCADA system.

e Judge Pilot Plant — The pilot team maintained the Judge Pilot Plant turbidimeter. It was installed on
the pilot equipment and measured Judge Tunnel water turbidity as flow entered the pilot
equipment skids. A surface scatter style turbidimeter was used to better evaluate high turbidity
events. The pilot data logger recorded data from this meter.

e Spiro Bulkhead — PCMC maintains the Spiro Bulkhead turbidimeter. This meter is located at the Spiro
Water Treatment Facility and measures the turbidity from the Bulkhead Pipeline flow as it enters
the facility. Data collected from this instrument was archived in the PCMC SCADA system.

e Spiro Portal - PCMC maintains the Spiro Portal turbidimeter. This meter is located at the Spiro
Water Treatment Facility and measures the turbidity from the Portal Pipeline flow as it enters the
facility. Data collected from this instrument was archived in the PCMC SCADA system.

e Spiro Pilot Plant — The pilot team maintained the Spiro Pilot Plant turbidimeter. It was installed on
the pilot equipment and measured Spiro Tunnel water pumped from the Spiro Water Treatment
Facility raw water wet well as flow entered the pilot equipment skids. This flow represents a mixture
of both Spiro Bulkhead and Spiro Portal waters. A surface scatter style turbidimeter was used to
better evaluate high turbidity events. The pilot data logger recorded data from this meter.

e Influent Turbidity — The pilot team maintained the Pilot Plant Influent turbidimeter. This low range
turbidimeter was located on the influent to the rapid mix of the Flocculation-Sedimentation unit.
The pilot data logger recorded data from this meter.

Over the course of the pilot study, the pilot study team monitored the relationship between the Judge
Tunnel, Spiro Bulkhead, Spiro Portal, and the Influent Turbidimeter to ensure the Influent Turbidimeter
readings were in line with the full-scale turbidities. During raw water turbidity spikes, the raw water
turbidity exceeded the measurement capacity of the Judge Tunnel, Spiro Bulkhead, Spiro Portal, and the
Influent turbidimeters. For example, 99.9 NTU is the maximum value that could be measured by the
Influent Turbidimeter. In the cases of high turbidities, the Spiro Pilot Plant and Judge Pilot Plant surface
scatter-style turbidimeters measured turbidities up to 4000 NTU.

The Judge and Spiro sources represent a very high quality water source in terms of turbidity. Figure 2-12
presents a histogram of the pilot influent turbidity over the course of the pilot.
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Figure 2-12: Influent Turbidity Histogram
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As illustrated in Figure 2-12, the influent turbidity histogram demonstrated the following:
e Turbidity was less than or equal to 3 NTU 75% of the time

e Turbidity was less than or equal to 6 NTU 95% of the time

e Turbidity was less than or equal to 15 NTU 99% of the time.

Therefore, for the purposes of analyses, an “upset” for both Judge Tunnel and Spiro Tunnel waters
occurred when turbidity spiked over 15 NTU.

Table 2-4 provides the percent of measured values that exceeded 15 NTU for the Judge Tunnel, Spiro
Tunnel, and Spiro Bulkhead as measured by PCMC equipment for the duration of the pilot study.

Table 2-4: Percent of Turbidity Measurements above 15 NTU

Location of turbidity Percent of measured values
instrument that exceeded 15 NTU
Judge Tunnel 1.2%

Spiro Bulkhead 1.9%

Spiro Portal 0.4%

2.3 Tunnel Water Upset Conditions

Both tunnels have historically experienced high-turbidity events. For example, Spiro Tunnel water
turbidity exceeded 200 NTU in May 2015 for over 24 hours. Tunnel collapses in the mine tunnel system
or miner maintenance in the tunnels cause these spikes. Under current operations, it is not necessary
for PCMC to treat the water during these high turbidity events. In the future, PCMC expects to treat
tunnel water through these spikes.

2.3.1 Judge Tunnel Water Upset Conditions

A key goal of this pilot study was to capture the raw water quality (and treatment implications) of these
events. The Judge Tunnel water flows through a storage tank and flows by gravity to the Spiro Water
Treatment Plant. This conveyance system has the effect of some muting of turbidity events seen in the
tunnel. While the Park City Operations team was in Judge Tunnel performing tunnel maintenance in

CH2M HILL ENGINEERS, INC. 2-9



SECTION 2 SUMMARY OF JUDGE AND SPIRO RAW WATER QUALITY

June and July 2016, they collected samples of Judge Tunnel water to simulate an upset condition.
Analysis and bench top testing was performed on these samples.

Table 2-5 presents water quality data from the three Judge Tunnel water upset conditions. Metals are
presented in total and dissolved concentrations, with the dissolved concentration presented in
parentheses.

Table 2-5;: Summary of Judge Tunnel Upset Samples?

Median Judge Values over  Upset Sample 1 Upset Sample 2 Upset Sample 3

Parameter Course of Pilot®

Sample Date N/A 6/30/16 7/14/16 7/21/16
Turbidity (NTU) 1.8 93.5 88.0 51.0
Antimony (ug/L) 6.3 (6.0) 22.4(8.3) 5.3 (1.5) 2.8(1.3)
Arsenic (pg/L) 3.5(1.8) 112 (20.6) 76 (4.8) 50.5 (1.8)
Cadmium (ug/L) 2.6 (2.4) 10.4 (2.8) 5.4 (1.9) 4.4 (1.6)
Iron (pg/L) 120 (10) 21,000 (2,240) 7,700 (270) 8,300 (10)
Lead (pg/L) 1.65 (0.25) 3,300 (386) 625 (19.3) 319 (0.25)
Manganese (ug/L)" 7.7 (7.8) 712 (45.7) 485 (43.9) 198 (31.7)
Mercury (ng/L) 1.3 N/A 333 N/A
Selenium (pg/L) 1.9 (1.8) 2.7 (1.4) 1.8 (1.1) 1.0 (1.0)
Thallium (pg/L) 0.1(0.1) 0.4 (0.1) 0.1(0.1) 0.1 (0.1)
Zinc (pg/L) 805 (700) 2,200 (580) 1,010 (440) 910 (400)

a- Total and dissolved concentration presented. Dissolved concentration are shown in parentheses.

b- Median metals concentrations as presented in Figure 2-2 through Figure 2-10.

c- Manganese dissolved concentrations may be greater than total concentrations due to variable number of total and
dissolved samples.

Table 2-5 represents raw, untreated Judge Tunnel water in an upset condition. In the upset condition,

there is an increase in total metals concentrations for most metals. The exceptions are selenium and

thallium, each of which are present in only trace amounts in the Judge Tunnel water. The most

significant increases in dissolved concentrations were in iron, arsenic, lead, and manganese.

A single data point of 333 ng/L mercury concentration during a Judge Tunnel upset was collected. This
sample indicated that total mercury increased nearly 300 fold in an upset condition, compared to the
median mercury concentration of 1.3 ng/L. It is assumed that this represents an increase in particulate
mercury and this contaminate will be removed through coagulation, sedimentation, and filtration.

A jar test performed on Judge Tunnel Upset Sample 3 water indicated that this water could be
successfully treated using oxidation, precipitation, coagulation, and sedimentation. Table 2-6 presents
the jar test treatment results for Judge Upset Sample 3. The sample was treated with 1.5 mg/L of
chlorine as a pre-oxidant, 18 mg/L of caustic soda to elevate the pH to 8.2, 10 mg/L of ferric chloride,
and 2 mg/L of polymer, and then the sample was allowed to settle for 30 minutes. Filtration was
simulated with 0.45 micron filter paper. For reference, the MCL or SMCL and the SDP limit are presented
for each analyte. Mercury was not analyzed in this jar test, but was evaluated further during Spiro
Tunnel turbidity upsets in September 2016.
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Table 2-6: Summary of Judge Tunnel Upset Jar Test Settled Water and Filtered Water Samples

Judge Tunnel Judge Tunnel Judge Tunnel MCL or SMCL SDP

Analytes® Upset Raw Water?® Upset Settled Upset Filtered
Water? Water?

Antimony 2.8 (1.3) 1.3 1.3 6 5.6
Arsenic 50.5 (1.8) 34 1.4 10 10
Cadmium 4.4(1.6) 0.6 0.2 5 0.42
Iron 8,300 (10) 770 10 300 NA
Lead 319 (0.25) 8.9 0.25 15 6.8
Manganese 198 (31.7) 215 8.7 50 N/A
Selenium 1.0 (1.0) 1.2 1.2 50 4.6
Thallium 0.1(0.1) 0.1 0.1 2 0.24
Zinc 910 (400) 150 10 5,000 198

a- Total and dissolved concentration presented. Dissolved concentration in parentheses.
b-  Allvalues are in pg/L.

2.3.2  Spiro Tunnel Water Upset Conditions

Upset conditions occurred in Spiro Tunnel water during the pilot study. The pilot plant treated Spiro
Tunnel Upset water through the entire treatment train, allowing for evaluation of the removal efficiency
of each process and the necessary chemical doses to achieve successful treatment.

Table 2-7 presents water quality results from nine upset samples in Spiro Tunnel water at turbidities
ranging from 44 to 994 NTU. Metals are presented in total and dissolved concentrations, with dissolved
concentrations presented in parentheses. The results from the upset samples show that total metals
concentrations for all metals except selenium and thallium were higher than the median concentration.
However, dissolved metals concentrations were generally at or below the median metals concentration
for all metals. The high percentage of metals in particulate form allowed for removal of most particulate
metals through clarification.

Section 4.1 presents a treatment profile for four upset events. The treatment train maintained effective
treatment through the proposed treatment train throughout all upsets experienced.
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Table 2-7: Summary of Spiro Tunnel Upset Samples?

Parameter Median Spiro Upset Upset Upset Upset Upset Upset Upset Upset Upset
Values over Sample 1°¢ Sample 2 Sample 3¢ Sample 4 Sample 5¢ Sample 6 Sample 7 Sample 8 Sample 9°¢
Course of Pilot®
Sample Date N/A 9/20/16 9/20/16 9/20/16 9/21/16 9/21/16 9/28/16 9/28/16 9/28/16 9/28/16
Turbidity (NTU) 3.6 43.5 66 80 55 53 164 389 640 994
Antimony (pg/L) 8.1(7.5) 12.7 (8.0) 13.5(7.6) 16.1(8.5) 13.8(8.1) 13.3(8.1) 54.1(7.5) 91.3 (7.4) 115 (7.9) 156 (7.9)
Arsenic (pg/L) 42.7 (14.7) 224 (12.5) 270 (18.5) 341 (18.7) 242 (37.7) 256 (13.1) 487 (3.3) 820 (2.5) 1,040 (2.5) 1,320 (2.4)
Cadmium (pg/L) 0.2 (0.2) 0.8(0.2) 0.9(0.2) 1.2 (0.2) 0.9(0.2) 0.9 (0.2) 4.3(0.3) 7.9(0.3) 10.6 (0.3) 15.1(0.3)
Iron (pg/L) 500 (20) 6,620 (10) 8,930 (160) 10,200 (120) 7,280 (840) 7,800 (20) 48,900 (10) 96,000 (10) 135,000 (10) 192,000 (10)
Lead (ug/L) 32.8(0.25) 51.8 (0.25) 61.2 (1.1) 61.9 (0.8) 56.1 (5.0) 39.6 (0.25) 299 (0.25) 509 (0.25) 598 (0.25) 684 (0.25)
Manganese (pg/L) 28.8(21.7) 238 (17.8) 264 (17.0) 417 (23.1) 265 (26.9) 198 (26.7) 342 (20.4) 648 (18.4) 938 (17.5) 1,480 (14.3)
Mercury (ng/L) NA 13.2 26.4 29.7 N/A 15.6 92.1 91.7 179.0 128.0
Selenium (pg/L) 2.9(2.7) 2.8(2.8) 2.8 (2.6) 2.9(3.1) 3.1(2.6) 2.9(3.1) 4.0 (3.0) 4.5(3.0) 4.6 (3.4) 4.9(3.2)
Thallium (pg/L) 3.1(3.0) 3.7 (3.3) 3.6 (3.2) 4.0(3.7) 130 (3.4) 3.6 (3.4) 3.6 (2.7) 4.2 (2.4) 4.4 (2.5) 4.4(2.4)
Zinc (ug/L) 140 (120) 330 (100) 390 (90) 420 (90) 330 (130) 340 (110) 1,620 (130)  3,130(150) 4,660 (140) 6,590 (170)

a- Total and dissolved concentration presented. Dissolved concentrations are shown in parentheses.
b- Median metals concentrations as presented in Figure 2-2 through Figure 2-10.
c- Indicates samples for which a treatment profile is presented in Section 4.1.
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SECTION 2 SUMMARY OF JUDGE AND SPIRO RAW WATER QUALITY

2.4 Other Raw Water Quality Parameters

During pilot operations, laboratory analyses were conducted on-site on raw water samples from Judge
and Spiro Tunnels to establish a baseline of raw water quality data. Table 2-8 presents a summary of raw
water data for alkalinity, hardness, ultraviolet absorbance at 254 nanometers (UV 254), oxidation
reduction potential (ORP), and conductivity between April 7 and October 31, 2016. Appendix E contains
time series graphs for each parameter.

Table 2-8: Summary of Raw Water Quality Results from April 7 through October 31, 2016

Analytes

Judge Raw Water

Spiro Raw Water

Number

Number

A A R i A
Alkalinity? 33 120 130 140 34 160 160 160
Hardness® 41 190 210 230 43 470 480 500
UV 254b¢ 31 0.003 0.004 0.005 31 0.001 0.002 0.002
ORP¢ 53 275 300 341 54 258 296 344
Conductivity® 110 374 406 460 108 798 850 874
Total Dissolved 6 257 264 310 6 633 642 665

Solids (TDS)f

a-
b-
c-
d-
e-
f-

Measured in mg/L CaCO3

Measured in absorbance with a 1 cm pathlength.
Two samples were omitted due to laboratory errors.
Measured in mV

Measured in uS/cm

Measured in mg/L TDS

As shown, the Spiro Tunnel raw water has higher hardness and conductivity compared to Judge Tunnel
water. Both waters are very low in organic content, as indicated by the UV 254 results. Both Spiro and
Judge Tunnel waters have similar oxidation-reduction potentials. Alkalinity is moderately high in both
raw waters.
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Pilot Plant Treatment Process

Treatment at the pilot plant consisted of pre-oxidation in a pipeline contactor, pH adjustment,
clarification (i.e., rapid mixing, flocculation, and sedimentation), granular media filtration, and post-filter
adsorption. This treatment scheme is presented graphically in Figure 3-1 and pictures of the pilot plant
treatment train are shown in Figures 3-2 through 3-5.

A detailed pilot study schedule was provided in the Pilot Testing Protocol (Appendix G). Table 3-1
summarizes the duration of treatment for Spiro Tunnel water, Judge Tunnel water, as well as the
duration of testing with the 2:1 Spiro to Judge and the 4:1 Spiro to Judge blends.

Table 3-1: Summary of Pilot Source Water

Source Water for Treatment Treatment Duration (through October 31, 2016)

Spiro only 6 weeks (includes 4 weeks of pilot plant
commissioning, April 7 through May 14, 2016)

Judge only 2 weeks (May 14 through May 26, 2016)
2:1 Spiro to Judge Blend 5 weeks (May 27 through July 4, 2016)
4:1 Spiro to Judge Blend 17 weeks (July 5 through October 31, 2016)

Bench testing results, reported by Water Quality and Treatment Solutions (WQTS, September 2016),
supported the establishment of initial chemical doses and operation set points. The initial bench testing
work provided results for jar tests at pH 9.0 and pH 7.5. While the pilot plant was being fed with Spiro
Tunnel water only and then with Judge Tunnel water only, pH was varied between 7.5 and 9.0 to
determine an optimal treatment set point. From the bench testing report, pH had the greatest effect on
zinc and cadmium removal.

As illustrated in the previous section, Spiro Tunnel water zinc and cadmium concentrations are normally
below the stream discharge permit limit. From May 8 through May 14, 2016, settled water pH was
varied from 7.1 to 8.2 while the pilot plant was exclusively treating Spiro Tunnel water. From the
investigation, treatment objectives were achieved during the pH variation. Elevated pH provided the
most advantageous conditions for converting dissolved manganese to particles through the
sedimentation basin. However, when treatment through pyrolusite filtration was compared for pH
ranging from 7.1 to 8.2, metals removal from Spiro Tunnel water alone was comparable at all pH

values tested.

A similar test was performed on Judge Tunnel water alone from May 19 through May 26, 2016. Since
zinc and cadmium removal varied the most with pH change at bench scale, pH was varied from 7.5 to
8.4 during this time. The greatest removal of zinc and cadmium occurred for Judge Tunnel water
between pH 8.2 to 8.4 through clarification and filtration. Figures 3-6 and 3-7 summarize the results of
this test.
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SECTION 3 PILOT PLANT TREATMENT PROCESS

Figure 3-1: Mining-Influenced Water Treatment Schematic
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SECTION 3 PILOT PLANT TREATMENT PROCESS

Figure 3-2: Oxidation and Adsorption Skid

Figure 3-3: Flocculation and Sedimentation Skid
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SECTION 3 PILOT PLANT TREATMENT PROCESS

Figure 3-4: Flocculation and Sedimentation Skid From Above

Figure 3-5: Filtration Skid
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SECTION 3 PILOT PLANT TREATMENT PROCESS
Figure 3-6: Effect of Settled Water pH on Cadmium Removal in Judge Tunnel Water
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Figure 3-7: Effect of Settled Water pH on Zinc Removal in Judge Tunnel Water
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The following inferences were made based on the results presented in Figure 3-6 and Figure 3-7:

e (larification and filtration with pyrolusite media removes zinc and cadmium to levels below the
stream discharge permit level at pH 8.2 and above.

e Treatment to remove cadmium and zinc improved as the settled water pH increased from 7.5 to 8.4.
e The additional treatment benefit from increasing the settled water pH from 8.2 to 8.4 was minimal.

Based on these findings, the decision was made to operate the pilot plant at the settled water pH of 8.2.
The target pH remained at 8.2 with both the 2:1 and 4:1 Spiro to Judge blends to simplify operations and
to provide full zinc and cadmium removal through any change in blend ratio.
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SECTION 3 PILOT PLANT TREATMENT PROCESS

Due to the high hardness of Spiro Tunnel water, when operating the pilot plant at pH 8.5 or greater,
softening started to occur. The softening resulted in an accumulation of calcium particles through
flocculation and sedimentation, which led to a decrease in turbidity removal through clarification. Scale
from the precipitated calcium particles coated the pH probes and turbidimeters, which required
frequent cleaning to maintain accurate readings. Therefore, pilot plant operation at the target pH of 8.2
also limited the potential for softening and associated scaling.

Oxidant dose, coagulant dose, and coagulant aid polymer dose were also investigated. Both tunnel
waters exerted a very low oxidant demand. Operationally, a free chlorine residual of 0.3 mg/L or greater
was maintained in the filter effluent. Higher chlorine residuals provided no additional treatment benefit.

Coagulant and coagulant aid polymer dose were selected through jar testing and pilot scale
performance verification. Ferric chloride was used for the coagulant and Nalclear® 7766 Plus anionic
polymer (30 percent active) was used for the coagulant aid polymer.

The optimal dose of ferric chloride was found to be 8 to 10 mg/L as FeCls, and the optimal dose of
Nalclear® 7766 Plus was found to be 0.75 mg/L based on the performance of downstream pyrolusite
filters. For the polymer, an important regulatory limit is the 1 mg/L maximum allowable polyacrylamide
dose. Based on the product information, this dictated the maximum allowable polymer dose as product
of 3.3 mg/L. Appendix C contains additional information regarding Nalclear® 7766 Plus.
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Key Observations and Findings

This section will discuss key observations and findings of the pilot study. The following aspects of the
treatment process are discussed:

e Metals removal through oxidation, clarification, and filtration (Section 4.1)

e Metals removal through adsorption (Section 4.2)

e  Whole Effluent Toxicity (WET) testing (Section 4.3)

e Turbidity removal through oxidation, clarification, and filtration (Section 4.4)
e Filter performance (Section 4.5)

e Solids dewatering and dewatering filtrate water quality (Section 4.6)

e Disposal of granular filtration media (Section 4.7)

e Operational considerations (Section 4.8)

e Challenge tests (Section 4.9)

e Taste test (Section 4.10)

4.1 Metals Removal Through Oxidation, Clarification,
and Filtration

The pilot treatment approach performed as expected, meeting PCMC water quality goals for metals,
including drinking water MCLs and stream discharge permit limits for Judge Tunnel water, Spiro Tunnel
water, and combined tunnel water.

From the preliminary alternatives evaluation and cost estimates, as detailed in the Desktop Summary
Evaluation (CH2M Hill, July 2015), it was determined that the greatest single effect on the ongoing
operations and maintenance (O&M) cost of the facility was the replacement frequency of the
adsorption media. Reducing the metals load on the adsorption media increases the bed volumes that
can be treated before media replacement is needed. Therefore, a key treatment objective of the pilot
study was to remove the most metals possible through oxidation, clarification, and filtration.

Over the course of the pilot study, the pilot operations team conducted pilot runs with varied operating
conditions. Figure 4-1 through Figure 4-9 illustrate the metals concentrations through these pilot runs in
the pilot plant influent, settled water (SW), and after filtration through 42 inches of pyrolusite media.
Values shown as filter effluent represent either filtration through a single 42-inch pyrolusite filter media
column or the blend of two 42-inch pyrolusite media columns. Experimental pilot filter runs, such as the
pilot filter runs associated with optimizing zinc and cadmium removal through varying settled water pH
in Spiro Tunnel and Judge Tunnel waters, was excluded from the results presented in Figure 4-1 through
Figure 4-9. Table A-1, presented in Appendix A, summarizes the pilot filter runs, which make up the
results presented in these figures.

Figure 4-1 through Figure 4-9 indicate that oxidation, clarification, and filtration with the deep bed
pyrolusite media removed cadmium, iron, manganese, lead, and thallium to the laboratory method
detection limit. Arsenic was removed to less than the MCL and less than the stream discharge permit
limit to values close to its laboratory method detection limit. Zinc was removed to levels below the MCL
and stream discharge permit limit and to values close to its laboratory method detection limit. For
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SECTION 4 KEY OBSERVATIONS AND FINDINGS

reference, Appendix G presents laboratory methods in the Pilot Testing Protocol. All results shown were
generated at a target pH of 8.2 in clarification.

Antimony and selenium were not removed through oxidation, clarification, and filtration with pyrolusite.
Mercury sampling in the settled water and filtered water was not performed due to the low levels of
mercury in both the Judge Tunnel and Spiro Tunnel raw water sources.
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SECTION 4 PILOT PLANT TREATMENT PROCESS

Figure 4-3: Total Cadmium Figure 4-4: Total Iron
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Figure 4-7: Total Thallium Figure 4-8: Total Zinc
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SECTION 4 PILOT PLANT TREATMENT PROCESS

Metals removal through oxidation, clarification, and filtration was also evaluated through four of the
turbidity spikes discussed in Section 2.3. In the turbidity spikes, samples were taken at the influent,
settled water, filter effluent, and adsorption effluent as the turbidity spike moved through the pilot
plant.

Through the turbidity spikes, the treatment train successfully removed metals to levels below the
stream discharge permit limit through clarification, filtration, and adsorption. Figures 4-10 through 4-18
provide data for all four turbidity spikes through the treatment process compared to typical metals
removal data. Sample collection was staggered by the calculated residence time of each unit process to
track the spike through the pilot plant. In each of these figures, each line represents a single sample set;
the gray lines represent data collected during normal operation and the red lines represent data
collected during a Spiro Tunnel turbidity spike. During treatment of the turbidity upset samples,
concentrations of metals were similar to those achieved during normal operation after the
sedimentation process.

Six raw water mercury samples collected during the turbidity spikes had mercury levels above stream
discharge permit levels. Although no mercury samples were taken through the treatment train, two high
turbidity water samples were clarified in a jar test and filtered through a 0.45-micron paper filter to
obtain settled water and filtered water samples for mercury analysis. Results shown in Table 4-1 indicate
that mercury would be expected to be removed to below the stream discharge permit limit through
clarification and filtration.

Figure 4-10: Antimony Removal Through Figure 4-11: Arsenic Removal Through
Turbidity Spikes Turbidity Spikes
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4-6

Figure 4-12: Cadmium Removal Through
Turbidity Spikes
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Figure 4-14: Manganese Removal Through
Turbidity Spikes
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Figure 4-16: Zinc Removal Through

Turbidity Spikes
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Figure 4-13: Iron Removal Through
Turbidity Spikes
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Figure 4-15: Thallium Removal Through
Turbidity Spikes
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Figure 4-17: Selenium Removal Through

Turbidity Spikes
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Figure 4-18: Lead Removal Through
Turbidity Spikes
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Table 4-1: Spiro Tunnel Upset Raw Water, Settled Water, and Filtered Water Mercury Concentrations

Spiro Tunnel Upset, 730 NTU Spiro Tunnel Upset, 850 NTU
Analyte Raw Settled Filtered Raw Settled Filtered MCL or SDP
Water®® Water? Water? Water®® Water® Water? SMCL
Mercury (ng/L) 194 0.25 0.25 93.7 0.25 0.25 2,000 12

a- All concentrations presented are total mercury concentration. Values represent a sample of Spiro Tunnel upset water taken during the
“999 NTU” turbidity spike on September 28, 2016.

4.2 Metals Removal Through Adsorption

In the pilot plant treatment train, filtered water from two 42-inch pyrolusite filters was collected in a
common filter effluent basin and fed to the adsorption process. The loading rates of these filters varied,
but for the majority of time one filter operated at 10 gpm/sf and one filter operated at 6 gpm/sf.
Filtered water turbidity remained below 0.1 NTU throughout operation. If a filter effluent reached 0.1
NTU, the filter would automatically backwash.

Adsorption was identified as the primary mechanism for antimony removal. Through bench-scale
testing, three adsorption media were recommended for the pilot study, as follows:

e Titanium dioxide media: Metsorb®, provided by Graver Technologies.

e Ferric oxide media: Bayoxide® E33, provided by AdEdge Technologies.

e Ferric hydroxide media: GFH®, provided by Evoqua Water Technologies.

More detailed information about each adsorption media can be found in Appendix C.

Adsorption media exhaustion curves developed during pilot operation show antimony concentration
versus bed volumes (BVs) treated for the column midpoint and column effluent sample points.

There were several phases of testing with the adsorption columns. They are summarized below.
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421 Triall

During the initial trial, four test conditions were evaluated:
e Adsorption Column 1: Metsorb® at pH 7.0

e Adsorption Column 2: Bayoxide® E33 at pH 7.0

e Adsorption Column 3: GFH® at pH 7.0

e Adsorption Column 4: Metsorb® at pH 7.6

Samples were collected at the midpoint and the effluent of each column. The two sample points
represented empty bed contact times (EBCTs) of 3.0 and 6.0 minutes. During this initial trial, the pH rose
from the target of 7.0 to a pH of 8.0 due to difficulties encountered with the acid feed. When the pH
increased, there was an immediate increase in the antimony levels detected in the Bayoxide® E33 and
GFH® products. This effect can be seen in Figure 4-19 from 3,000 to 5,500 bed volumes for the effluent
series and between 6,000 to 11,000 bed volumes for the mid-point series. The pH increase did not have
a detectable effect on the Metsorb® columns.

Figure 4-19: Antimony Removal through Adsorption Trial 1
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4.2.2 Trial 2

Based on the observation of pH effect in Trial 1, the test conditions were modified during the second
trial. Trial 2 represents a continuation of Trial 1 for all columns, with all columns containing the same
media as Trial 1. Trial 2 test conditions included:

e Adsorption Column 1: Metsorb® at pH 6.5
e Adsorption Column 2: Bayoxide® E33 at pH 6.5
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SECTION 4 KEY OBSERVATIONS AND FINDINGS
e Adsorption Column 3: GFH® at pH 6.5
e Adsorption Column 4: Metsorb® at pH 7.6

Additionally, the loading rate on the column was increased. Samples were collected at the midpoint and
the effluent of each column. The two sample points represented EBCTs of 2.5 and 5.0 minutes.

During the second trial, a correction in the removal of antimony through the Bayoxide® E33 and GFH
was observed. This indicated that antimony removal is influenced by pH. Since the stream discharge
permit limit pH range is between 6.5 and 9.0, pH was not adjusted below 6.5. Figure 4-20 shows
antimony concentrations at the midpoint and effluent of all adsorption columns. The shaded lines
represent results from Trial 1 and the non-shaded lines represent results from Trial 2.

Figure 4-20: Antimony Removal through Adsorption Trial 2
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Though removal increased for Bayoxide® E33 and GFH at the more acidic pH values during Trial 2, both
media continued to show breakthrough, as indicated by Figure 4-20. The Bayoxide® E33 media was the
first media whose effluent exceeded PCMC’s goal of 75 percent of the SDP. Based on the pilot data,
Bayoxide® E33 media at pH 6.5 would need to be changed every 12,000 to 18,000 bed volumes.

The GFH media continued to show breakthrough as well. Through extrapolation, it was estimated that
GFH media at pH 6.5 would need to be changed every 29,000 to 50,000 bed volumes.
4.2.3  Trial 3—Antimony Removal with Metsorb® Titanium Dioxide Media

On August 17, 2016, new Metsorb® media replaced both the Bayoxide® E33 and GFH® media. Test
conditions for the Trial 3 were modified with the media replaced to the following:

- Adsorption Column 1: Metsorb® at pH 6.5 (same media as Trial 1 and 2)

- Adsorption Column 2: Metsorb® at pH 6.5 (new media)
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- Adsorption Column 3: Metsorb® at pH 7.6 (new media)
- Adsorption Column 4: Metsorb® at pH 7.6 (same media as Trial 1 and 2)

Based on finished water quality modeling, for the purpose of the pilot study, it was assumed that
finished water would leave the future MIW treatment plant at approximately pH 7.6 to achieve a target
calcium carbonate precipitation potential (CCPP). To evaluate the treatment benefits of depressing to
pH 6.5 for adsorption and then elevating the pH back to 7.6, test columns were run at both pH 6.5 and
pH 7.6 for comparison. These conditions were maintained through the remainder of the pilot study.

Antimony levels in the effluent of both Metsorb® columns operating at pH 6.5 stayed below the
laboratory detection limit throughout the duration of the pilot study. Metsorb® columns operating at pH
7.6 saw detectable levels of antimony at both the effluent and the mid-point sample points of the
Metsorb® columns.

At the conclusion of this pilot study, in the column mid-point at pH 7.6, antimony levels reached a
maximum of 2.6 ug/L at 37,000 bed volumes, which is less than half of the stream discharge permit
limit.

Results for the Metsorb® media at pH 6.5 are presented in Figure 4-21. Since most of the data points in
Figure 4-21 were at the laboratory detection limit, few quantifications can be drawn, other than the
adsorption media life will be much longer than originally anticipated, resulting in significant O&M cost
savings for PCMC. However, if the data from the mid-point of Adsorption Column 1 with Metsorb® at pH
6.5 were extrapolated to 75 percent of the SDP, it would result in approximately 170,000 bed volumes
between media changes.

Figure 4-22 presents results for the Metsorb® media at pH 7.6. There is no data after approximately
35,000 bed volumes for the midpoint of the Metsorb® column at pH 7.6. In August 2016, half of the
Metsorb® media was unintentionally removed from the column. The flow rate to the column was
adjusted to maintain an effluent EBCT of 5 minutes, but samples could no longer be taken from the
midpoint sample point. From the data in Figure 4-22, media replacement is expected between 66,000
and 91,000 bed volumes at pH 7.6. This indicates that there is a significant improvement that could be
obtained by lowering to pH 6.5 for adsorption. Further cost comparisons using the results will be
completed during conceptual design.

Near the end of the pilot study, the two Metsorb® columns at pH 7.6 were operated at pH 6.5 for three
days to determine if lowering the pH would increase adsorption media life. The columns were returned
to pH 7.6 after three days and were sampled again to determine any effects on the adsorption media
exhaustion curve shape. Figure 4-22 shows that antimony concentrations were reduced by up to 1.6
ug/L when pH dropped, indicating that reducing adsorption feed pH from 7.6 to 6.5 can increase metals
removal. The figure also shows that antimony concentrations returned to previous values once pH was
returned to 7.6.
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Figure 4-21: Antimony Removal through Metsorb at 6.5 pH
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9.0
Median Spiro Raw Sb
B e e e e e e s e e e e — s —
7.0
. Median Judge Raw Sb
| — e ¢ emmms ¢ ¢ emmms ¢ o emmms ¢ ¢ GmmmS ¢ ¢ GmmES ¢ ¢ GmmmS o ¢ GmmES ¢ ¢ G ¢ ¢ G o ¢ GmmS o ¢ = ¢ ¢ G o o mm o o
= 6.0
3 _________________________
z SDP
S 50
'g 75% SDP
& 40
© Influent pH to 6.5 from
A 3.0 7.6 for three days
2.0
1.0
ND g0~
0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000
Bed Volumes
—— Metsorb pH 7.6 (a)- Midpoint —&— Metsorb pH 7.6 (a) - Effluent
—— Metsorb pH 7.6 (b) - Midpoint —0— Metsorb pH 7.6 (b)- Effluent

CH2M HILL ENGINEERS, INC.



SECTION 4 KEY OBSERVATIONS AND FINDINGS

4.2.4 Additional Considerations

In addition to antimony, several other metals were sampled regularly in the adsorption columns’
effluent. All adsorption midpoint and effluent samples for all adsorption media saw no detection of
either lead or thallium throughout the pilot study.

Arsenic and cadmium were detected once at the midpoint and arsenic was detected once at the effluent
of the first Metsorb® column at pH 6.5. All arsenic and cadmium detections from the first Metsorb®
column at pH 6.5 were above the respective laboratory detection limits, but less than the MCL and SDP
limits. Iron was detected once at both the midpoint and effluent of the GFH® column, twice at the
effluent of the Bayoxide® E33 column, and once at the midpoint of the second Metsorb® column at pH
6.5. Manganese was detected once at both the midpoint and effluent of the first Metsorb® column at
pH 6.5, once at the midpoint of the second Metsorb® column at pH 6.5, twice at both the midpoint and
effluent of the GFH® column, twice at the effluent of the Bayoxide® E33 column, and twice at both the
midpoint and effluent of the first Metsorb® column at pH 7.6. Most iron and manganese detections
were below their respective SMCLs and all detections corresponded with either the period of difficulty
with pH adjustment in the adsorption feed or the turbidity spikes seen in September 2016. Selenium
was not removed through adsorption and was typically measured between 2.5 and 2.9 ug/L in the
adsorption column effluent.

Zinc was detected often at both the midpoint and effluent of the Metsorb® columns at pH 6.5 and at the
midpoint and effluent of the GFH® and Bayoxide® E33 columns at pH 6.5. Zinc was also detected at the
midpoint and effluent of the Metsorb® columns at 7.6 pH when the pH was reduced to 6.5 for several
days. Most zinc detections were below the stream discharge permit limit. However, three zinc samples
were detected at levels near or above the SDP limit during periods of very low influent pH. The first
Metsorb® pH 7.6 column influent dropped to pH 2 for several hours in early July and the influent to the
GFH®, Bayoxide® E33, and Metsorb pH 6.5 columns dropped to pH 3 for approximately 10 hours in mid-
July due to an experimental error. After these occurrences, the influent pH issue was resolved and no
further influent pH issues occurred. These results indicate that there may be a zinc release potential
with all adsorption media used under very low pH conditions. If pH 6.5 or 7.6 is maintained, then the
zinc release is not expected to be of concern.

The following conclusions can be made based on the data gathered on metals removal through
adsorption:

e Adsorption with titanium dioxide media, ferric oxide media, and ferric hydroxide media removed
antimony to below the stream discharge permit limit level. The media replacement frequency was
estimated at:

— 66,000 to 170,000 bed volumes for titanium dioxide media
— 22,000 to 18,000 bed volumes for ferric oxide media
— 29,000 to 50,000 bed volumes for ferric hydroxide media

e Antimony was removed by all media at an EBCT of 2.5 minutes.

e Antimony removal at a pH of 6.5 will result in the ability to treat significantly more bed volumes
before exhaustion compared to operation at pH 7.6.

e Lowering pH from 7.6 to 6.5 for three days increased antimony removal in both pH 7.6 Metsorb®
columns. Media exhaustion curves for both pH 7.6 Metsorb® columns returned to pre-6.5 pH levels
once pH was returned to pH 7.6.

Both GFH® and Bayoxide® E33 media were tested with the Toxicity Characteristic Leaching Procedure
(TCLP) after removal from the process to verify proper disposal requirements. Metsorb® adsorption
media will undergo the TCLP after further testing of the media (as described in Section 6) is completed.
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TCLP results for GFH® and Bayoxide® E33, shown below in Table 4-2, are below the TCLP regulatory
limits as defined by the Resource Conservation and Recovery Act (RCRA) limits for hazardous solid waste
by an order of magnitude or more. These results indicate that both media can be considered non-
hazardous waste.

Table 4-2: GFH and Bayoxide® E33 Media TCLP Results

Analyte® GFH Media Bayoxide® E33 Media RCRA Limit
Mercury, TCLP 0.0007 0.0007 0.2
Arsenic, TCLP 0.25 0.25 5
Barium, TCLP 0.28 0.17 100
Cadmium, TCLP 0.025 0.025 1
Chromium, TCLP 0.025 0.025 5
Lead, TCLP 0.1 0.1 5
Selenium, TCLP 0.001 0.025 1
Silver, TCLP 0.025 0.025 5

a- Allvalues are total measurements in ug/L.

4.3 Whole Effluent Toxicity (WET) Testing

Two WET tests were conducted throughout the pilot study: one in the spring, during the time that has
historically coincided with higher flow conditions, and one in the fall, during the time that has
historically coincided with lower flow conditions. These tests matched the regulatory compliance
requirements of the UPDES permits. Both WET tests used Metsorb® titanium dioxide media effluent.
The first WET test used a blend of 2:1 Spiro-to-Judge water at an adsorption influent pH of 7.0 and the
second WET test used a blend of 4:1 Spiro-to-Judge water at an adsorption influent pH of 6.5. The pilot
treated water passed the first and second WET tests for survival and reproduction of Ceriodaphnia dubia
(water flea) and Pimephales promelas (fathead minnows). Appendix D contains a summary of results
from both WET tests.

As previously discussed, Spiro Tunnel water has a hardness of 470 to 500 mg/L as CaCOs and, when
blended with Judge Tunnel water, has a hardness of 370 to 445 mg/L as CaCOs, depending on the blend
ratio. The control water used in the WET test had a hardness of approximately 100 mg/L as CaCOs.
Therefore, PCMC had an additional control sample of 400 mg/L as CaCOs hardness synthetic water
tested during the first WET test to determine if elevated hardness levels alone could affect the survival
and reproduction of either Ceriodaphnia dubia or Pimephales promelas. The high hardness control WET
test passed for survival and reproduction of Pimephales promelas as well as survival of Ceriodaphnia
dubia but failed for reproduction of Ceriodaphnia dubia.

Elevated levels of total dissolved solids (TDS) in the water can interfere with the WET test results. In the
first WET test, conductivity ranged from 745 to 812 uS/cm in the sample pilot effluent water and 1,155
to 1,222 uS/cm in the synthetic high hardness water. Using conductivity as a surrogate, the synthetic
high hardness water had higher levels of (TDS) than the pilot effluent sample water. This indicates that if
the TDS of the tunnel water were to rise significantly, there may be an increased risk of not passing a
future WET test.

WET testing for Spiro and Judge Tunnel raw waters was considered but ultimately not pursued because
the UPDES permit does not require WET tests on raw water. Furthermore, any raw water WET test
results were not expected to impact the current process selection.
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4.4 Turbidity Removal Through Oxidation, Clarification,
and Filtration

Both Spiro Tunnel and Judge Tunnel are classified as groundwater sources for drinking water. However,
PCMC has decided to establish more conservative drinking water quality goals that match the USEPA’s
Surface Water Treatment Rule for conservative planning. Specifically, this pilot study gathered data to
demonstrate that this facility conforms to Utah Admin Code Rule R309-525 for Facility Design and
Operation: Conventional Surface Water Treatment.

The pilot process of clarification and filtration represents a conventional surface water treatment
process. The 42 inches of pyrolusite media column must be approved through R309-525-15 (4) (e.):

R309-525-15. Filtration.
(4) Media Design.

(e) Other Media Compositions and Configurations: Filters consisting of materials
or configurations not prescribed in this section will be considered on
experimental data or available operation experience.

Pyrolusite is a manganese dioxide ore typically used in drinking water treatment. Pilot testing was
performed using a deep bed filter with 42 inches of two types of pyrolusite media with 0.43 to 0.5 mm
effective size (ES) and 1.48 to 1.56 uniformity coefficient (UC) pyrolusite. Appendix C includes a sieve
analysis of the pyrolusite media that confirms the ES and UC of the media. This media configuration has
performed exceptionally well in terms of turbidity removal and metals removal.

Loading rates for pyrolusite filter runs ranged from 5 gpm/sf to 12 gpm/sf throughout the course of the
pilot study. From April 29 through October 31, 2016, this media configuration operated through various
upstream conditions and set points, with 247 filter runs completed during optimal operating conditions.
All but five of 247 filter runs in optimal conditions terminated due to the accumulation of 20 feet of
headloss. The five filter runs that terminated due to reaching 0.1 NTU effluent turbidity did so during a
period of elevated influent turbidity near the end of the pilot study. During pilot operations, the filter
runs were stopped if any filter effluent measured 0.1 NTU for over 15 minutes or when the filter
reached 29 feet of headloss, the maximum reachable headloss for each filter at the pilot plant. All UFRV
calculations were based on 20-feet of headloss accumulation, which occurred prior to the terminal
headloss of 29 feet. Typical filter effluent turbidity from the deep-bed pyrolusite filters was 0.023 NTU.

During the majority of the pilot testing period, the raw water turbidity was very low. From April 1 to
October 31, 2016, the MIW pilot plant influent saw thirteen turbidity spikes, and the most severe spike
saw raw water turbidity reach 999 NTU. A turbidity reading of over 15 NTU was defined as a “turbidity
spike” for both Judge Tunnel and Spiro Tunnel waters. Table 4-3 presents a summary of the turbidity
spikes seen through the pilot study. During the highest of these spikes, settled water turbidity briefly
reached a maximum of 7.6 NTU. Throughout these spikes, the 42-inch pyrolusite media maintained an
effluent turbidity of less than 0.1 NTU at all times. During the highest turbidity spikes, filter run length
decreased in duration through the 42-inch pyrolusite media due to faster headloss accumulation when
polymer doses were increased above 1.0 mg/L. However, the unit filter run volumes (UFRVs) of the filter
runs during the turbidity spikes were comparable to other filter runs during normal operation. Filter
performance is discussed in Section 4.5.

Thus, the deep bed pyrolusite filters saw minimal effects of the turbidity upsets experienced through the
pilot plant and the filters maintained filter effluent turbidities of less than 0.1 NTU. Throughout the
seven turbidity spikes, the deep bed pyrolusite filter performance indicated that both the Long-Term 2
Enhanced Surface Water Treatment Rule and the DDW Alliance’s most stringent filtered water turbidity
goals of less than 0.15 NTU 95 percent of the time will be met during elevated inlet turbidity conditions.
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The periods of elevated turbidity showed that the pilot plant can produce high quality finished water in
high turbidity upset conditions up to turbidities of 994 NTU. At full-scale, further optimization of
chemical dosing and process operation through clarification is recommended during high

turbidity events.

Table 4-3: Summary of Turbidity Spikes

Date of Maximum Spiro Maximum PyroTjs;:‘:I;ilter Ferric Chloride
Turbidity Spike Raw Water Settled Water Loading Rates Dose Range Polymer Dose
Turbidity (NTU) Turbidity (NTU) (gpm/sf) (mg/L) Range (mg/L)
5/3/2016 146 7.6 5and 6 10 0.75
5/27/2016 54 6.5 2 12-30 0.75-1.0
6/16/2016 37 2.8 5and 6 8 1.0-15
8/11/2016 15 31 6 and 12 8 0.75
8/17/2016 73 4.1 6 8 0.75
9/19/2016 49 4.2 6, 8,and 10 10-20 0.75-1.0
9/20/2016 84 3.9 6, 8, and 10 10-12 1.0
9/21/2016 91 35 6, 8, and 10 8-12 0.75-1.5
9/26/2016 20 3.2 6, 8,and 10 8-10 0.75-2.0
9/27/2016 24 34 6, 8,and 10 8 0.75-1.0
9/28/2016 999 7.5 6, 8, and 10 8-15 0.75-3.0
9/29/2016 37 4.3 6, 8, and 10 8-10 1.0-2.0
10/5/2016 19 7.1 6, 8,and 10 10 1.0-2.0

Figure 4-23 through Figure 4-25 present Spiro raw water turbidity, pilot influent turbidity, settled water
turbidity, and filter effluent turbidity through three turbidity spikes seen at the pilot plant. Filters “PY-
01,” “PY-02,” and “PY-07" all contained 42 inches of 0.43 to 0.50 mm ES pyrolusite. “PY-01” and “PY-02"
contained one type of pyrolusite media and “PY-07” contained a different type of pyrolusite media.
Appendix C shows the pyrolusite media sieve analysis for both media types. Pilot influent turbidity was
measured at the inlet of the flocculation and sedimentation pilot skid and varied from Spiro raw water
turbidity based on the Spiro to Judge blend at the time of spike.

In addition to the filters with 42 inches of pyrolusite, three other media profiles were tested. Specific
information on each media type is shown below in Section 4.5. Media profiles tested included 60 inches
of anthracite over 12 inches of sand, 40 inches of anthracite over 20 inches of pyrolusite, and 24 inches
of pyrolusite. Table 4-4 presents a comparison of metals removal and turbidity removal performance of
the four media profiles. When compared, the 42 inches of pyrolusite filter media performed the best in
terms of metals removal of all filter media profiles. The 42 inches of pyrolusite filter media also
consistently terminated due to headloss accumulation and did not typically terminate due to reaching
0.1 NTU filter effluent turbidity.
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Table 4-4: Comparison of Filter Media Profiles

40-inch Anthracite

Parameter 42-|nc!1 60-inch ﬁnthraute 24-inch Pyrolusite over 20-inch
Pyrolusite over 12-inch Sand i
Pyrolusite
Metals Removal Full removal Partial removal of Partial removal of Partial removal of
of thallium thallium thallium thallium
UFRV (gal/sf)>< 11,600 6,000 - 17,000 5,500 - 13,000 23,100
Termination Headloss Turbidity Headloss/ Turbidity Turbidity
Median Turbidity (NTU)® 0.023 0.02-0.06 0.02-0.05 0.016

a-  Unit Filter Run Volume calculated based on the volume of water produced per square foot of filter area from the
conclusion of filter-to-waste through termination of the filter run. Filter run termination could be from either headloss or
turbidity.

b- Anthracite over pyrolusite media was evaluated at a polymer dose of 2 mg/L, which was found to be the optimal polymer
dose for maximizing filter run lengths with this media configuration.

c- Single UFRV and turbidity values represent the median value and a range of UFRV or turbidity values represents the range
for that media.

For each filter run, a filter effluent turbidity and headloss profile was created. As per the Pilot Testing
Protocol, filter runs ended at either 0.1 NTU filtered water turbidity or if filter headloss accumulation
exceeded 20-feet.

The following conclusions can be drawn from the turbidity performance during the pilot study as well as
Figure 4-23 through Figure 4-25 and Figures F-1 through F-247 in Appendix F:

e 42 inches of 0.43 to 0.50 mm ES pyrolusite performed the best of all filters tests, providing robust
metals removal as well as excellent turbidity removal.

e In 247 filter runs of optimized treatment conditions, most runs with 42 inches of pyrolusite media
terminated on headloss, always maintaining a filtered water turbidity of less than 0.1 NTU. Five filter
runs terminated on turbidity during periods with elevated influent turbidity.

e Filter runs terminated after 20 feet of headloss accumulation with turbidities in the 0.02 to 0.05 NTU
range.
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Figure 4-23: Turbidity Spike of 146 NTU (maximum) on May 3, 2016, Filter Loading Rates of 5 and 6 gpm/sf
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Figure 4-24: Turbidity Spikes of 45, 65, and 91 NTU (maximum) on September 19 through 22, 20186, Filter Loading Rates of 6, 8, and 10 gpm/sf
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Figure 4-25: Turbidity Spikes of 20, 21, 999, and 38 NTU (maximum) on September 26 through 29, 2016, Filter Loading Rates of 6, 8, and 10 gpm/sf
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45  Filter Performance

Throughout the pilot study, evaluations of metals and turbidity removal of four filter media profiles
aided in the selection of the best filter media to be used for full-scale operations. The four filter media
profiles and number of filter runs performed are as follows:

e 501 filter runs using three separate filter columns with 42 inches of 0.43 to 0.50 mm ES pyrolusite
media from two different media suppliers

e 134 filter runs using two separate filter columns with 60 inches of 1.25 to 1.35 mm ES anthracite
over 12 inches of 0.55 to 0.65 mm ES sand

e 42 filter runs using one column with 40 inches of 1.25 to 1.35 mm ES anthracite over 20 inches of
0.43 mm ES pyrolusite

e 16 filter runs using one column with 24 inches of 0.43 mm ES pyrolusite media

Of the 501 runs performed with the pyrolusite media, 247 filter runs occurred during optimal treatment
conditions and their effluent turbidity and UFRV analysis is included below. The first 42 filter runs for
both the pyrolusite column PY-01 and the pyrolusite column PY-02 were excluded because they were
during the pilot commissioning phase. Other excluded filter runs included those occurring during
mechanical difficulties and during experimental periods (e.g., loss of chemical feed, changes in upstream
conditions, insufficient or excess polymer). Table 4-5 presents a summary of filter runs PY01-43 though
PY01-251, filter runs PY02-43 through PY02-165, and filter runs PY07-01 through PY07-83. Appendix F
includes filter run profiles for these 248 pyrolusite filter runs. The filter runs that are shown and that
were included in the data summary that follows are those 247 filter runs that constitute “steady state”
filter runs with optimized treatment conditions.

The data summarized below in Table 4-5 and illustrated in Figure 4-26 and Figure 4-27 are based on
filter runs from three 42-inch pyrolusite filter columns. The filter analysis used 13 filter runs at 5 gpm/sf,
66 filter runs at 6 gpm/sf, 60 filter runs at 8 gpm/sf, 99 filter runs at 10 gpm/sf, and 9 filter runs at 12
gpm/sf. One single filter run at 7 gpm/sf was also performed with a UFRV of 14,078 gallons per square
foot (gal/sf) and a median turbidity during the run of 0.019 NTU.

Table 4-5: Summary of Filter Performance

Lower Quartile®® Median® Upper Quartile®*

Filter Number Median Median

e mayed VRV e umy PerBent oy et

Turbidity

5 gpm/sf 13 12,098 0.018 14,220 0.021 15,127 0.021

6 gpm/sf 66 7,449 0.022 9,730 0.023 12,303 0.025

8 gpm/sf 60 6,653 0.023 8,076 0.024 9,992 0.027

10 gpm/sf 99 5,901 0.020 8,084 0.021 9,164 0.024

12 gpm/sf 9 10,498 0.020 10,986 0.020 11,159 0.020

a-  The lower quartile represents the 25™ percentile of data and the upper quartile represents the 75 percentile of data.
b-  UFRV values are in gallons per square foot (gal/sf), and median filter effluent turbidity values are in NTU.
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From Figure 4-27 and Table 4-5, filtered water turbidity varied minimally between all filter loading rates
tested from 5 to 12 gpm/sf, with a filtered water turbidity between 0.018 and 0.028 NTU for most filter
runs. Figure 4-27 shows that all filter runs with the 42-pyrolusite filter media far exceeded the goal of
less than 0.1 NTU filter effluent turbidity. Additionally, most optimized filter runs terminated due to
headloss, regardless of filter loading rate. Five filter runs terminated due to turbidity in October 2016
during a period of elevated influent turbidity.

Figure 4-26 and Table 4-5 indicate UFRVs between 4,400 gal/sf and 18,000 gal/sf. The figure also shows
that UFRVs were slightly higher at a 5 gpm/sf filter loading rate compared to UFRVs at filter loading rates
of 6, 8, 10, and 12 gpm/sf. However, UFRV represents an operational consideration, and the implications
of the slightly lower UFRV will be factored in with the future construction cost for different loading rates
in selecting a design value. Metals removal data also showed equivalent removal of manganese and
thallium across all filter loading rates.

4.6 Solids Dewatering and Dewatering Filtrate Water Quality

Throughout pilot testing, pilot operators routinely drained settled solids from the clarifier and
discharged them to the sanitary sewer. Periodically, samples of the clarifier underflow were collected
for settling tests and simulated thickening in a 30-gallon container. The thickening simulation achieved
solids concentrations of 2.0 to 3.3 %. Samples of the thickened solids were collected in order to send to
Andritz Separation for analysis of alternative dewatering processes.

Additionally, two settling tests were conducted in an unstirred 2000-mL graduated cylinder and
indicated that minimal additional settling occurred in samples with no polymer addition. For example, in
the first settling test, only 100 mL of clear supernatant was observed after 3 hours and in the second
test, only 135 mL of clear supernatant was observed after 3 hours.

In October 2016, sludge grab samples were taken while draining sludge from the clarifier. Three sludge
samples were taken each day for six days. The sludge samples drawn included a sample at the initial
draw of sludge from the clarifier, a composite sample of the total daily sludge volume, and a sample at
the final draw of sludge before the water ran clear. These 18 sludge samples were measured for total
suspended solids (TSS) to compare the initial and final TSS concentration to the composite sample TSS
concentration. Figure 4-28 indicates that the composite samples can be used as an estimate of all solids
wasted from the pilot sedimentation basin, since the TSS concentration of the composite was close to
the average of the initial and final sample TSS concentrations. Therefore, the metals concentrations in
the composite sludge samples, shown below in Table 4-6, will be used to estimate percent of metals
captured through clarification. Concentrations of radionuclides including uranium, gross alpha, gross
beta, radium-226, and radium-228 a single composite sludge sample will also be included in Table 4-6
after data is received.

After sampling, the composite sludge samples settled for 24 hours, and the resulting supernatant was
sampled for metals concentrations. Table 4-7 shows the metals in the supernatant and composite
sludge samples. The supernatant metals concentrations were lower than the sludge metals
concentrations by more than an order of magnitude, which confirms the sludge contains most of the
metals by mass.

From TSS analyses of the initial draw sludge samples, the samples ranged from 0.8 to 1.6 percent solids,
indicating that some thickening occurred in the floc/sed pilot unit. Composite sludge samples ranged
from 0.4 to 0.7 percent solids. During conceptual design, more typical values for percent solids will be
used for conservatism of solids process design.
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Figure 4-28: Percent Solids at Beginning, Middle, and End of Solids Collection
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Table 4-6: Summary of Metals Present in Composite Sludge Samples

Sample Number

Analyte®® 1 2 3 a 5 6 Average
Antimony 0.11 0.20 0.13 0.10 0.17 0.14 0.14
Arsenic 12.0 17.0 16.3 12.7 22.0 15.3 16.0
Cadmium 0.167 0.266 0.262 0.193 0.322 0.219 0.238
Iron 1,700 2,400 2,310 1,730 2,550 1,870 2,093
Lead 0.83 1.28 1.14 0.76 1.39 0.93 1.06
Manganese 9.38 14.80 13.10 8.99 16.00 11.30 12.26
Selenium 0.53 0.89 0.94 0.64 1.15 0.79 0.82
Thallium 0.13 0.08 0.10 0.05 0.11 0.10 0.10
Zinc 71.3 116.0 113.0 815 136.0 96.4 102.4

a- Allvalues represent the total concentration in mg/L.
b- Results reported in mg/kg solids. Assumed sludge density of 1 kg/L to calculate metals concentrations
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Table 4-7: Comparison of Sludge and Supernatant

Composite Sludge Supernatant

Analyte Average® Average?
Antimony 0.140 0.007
Arsenic 16.0 0.014
Cadmium 0.238 0.0014
Iron 2,093.0 1.2
Lead 1.06 0.005
Manganese 12.26 0.025
Selenium 0.82 0.035
Thallium 0.100 0.006
Zinc 102.4 0.13

a- Allvalues represent the total concentration in mg/L.

After simulating solids thickening in a 30-gallon experimental gravity thickener, in July 2016, Andritz
Separation analyzed a 5-gallon sample of the thickened sludge for alternative dewatering processes. The
sample submitted to Andritz had a TSS concentration of 3.4 percent solids.

Supernatant from the experimental gravity thickener and filtrate from the Andritz-simulated dewatering
equipment underwent metals analysis with the intent of providing information on recycling to the head
of the treatment process. Table 4-8 presents a comparison of the median pilot influent, supernatant
from the experimental pilot gravity thickener, and filtrate from Andritz simulations of a belt filter press,
plate and frame filter press, and Andritz’ Buchner funnel simulation of gravity thickening. The belt filter
press and simulated gravity thickening filtrate had the highest metals concentrations due to the lower
solids capture efficiency in these tests. The pilot treatment train effectively treated the same metals that
are present in the supernatant and filtrate, so the treatment process will be able to remove them if the
streams are processed through the treatment facility.

Table 4-9 presents a summary of the results of the laboratory dewatering simulation tests. Screening
tests without polymer indicated the sludge would be difficult to dewater. The sample contained a fine
particle distribution, with over 94 percent of the measured TSS less than 45 microns in diameter. At full-
scale, it is expected that polymer addition will be employed during thickening and dewatering.
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Table 4-8: Comparison of Influent, Supernatant, and Filtrate Metals

Analyte? Pilot Imfluent Ave;lz gdeg:ilot Belt F'ilter Press  Plate &'Frame I?il:tcl-g::; ;:‘:vr::;
Median Supernatant Filtrate Press Filtrate Thickening)

Antimony 8.0 (7.5) N/A 10.8 1.8 12.6
Arsenic 35.7 (14.6) 24.5 (1.5) 349 1.7 419
Cadmium 0.8(0.7) 2.6 (1.6) 8.9 1.2 10.6
Iron 440 (15) 3,330 (60) 41,200 20 55,900
Lead 3.8(0.25) 7.3 (0.25) 92 <0.5 117
Manganese 24.5 (18.6) 63.4 (40.1) 1,460 1,120 1,610
Selenium 2.7 (2.5) N/A 3.7 2.8 3.5
Thallium 2.4 (2.4) 2.5(2.4) 3.5 <0.2 3.0
Zinc 300 (280) 1,263 (733) 3,680 580 467

a- All values are in pg/L. Dissolved values are in parentheses.

Table 4-9: Dewatering Simulation Test Results

Polymer Dose? Estimated Cake
D tering P Pol lids Capt 9
ewatering Process olymer (active Ibs/ton TSS) Dryness (%TSS) Solids Capture (%)
A210P (anionic) 18.9 25+2
Centrifuge 98
E30 (cationic) 12.7 2442
Belt Filter Press A210P (anionic) 18.9 1611 95
Plate & Frame Press A210P (anionic) 16.8 22.3 99

a- A210P and E30 polymers are NSF 61 approved for use in drinking water.

The plate and frame press required a 4-mm thick pearlite filter precoat to capture solids and form a
solids cake. The precoat supported the high solids capture efficiency for the plate and frame press.

Chemtech Ford Laboratories analyzed solids cakes from the belt filter press, plate and frame press, and
gravity thickener simulation for TCLP analysis. The centrifuge simulation did not produce enough cake
for TCLP analysis due to the small sample volume in the centrifuge tubes. Table 4-10 presents the TCLP
results for the solids cake samples. Results for each sample were below the TCLP regulatory limits, which
indicates that non-hazardous waste classification applies to the dewatered solids.
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Plate & Frame

Analyte? Belt Filter Press Press Gravity Thickener ~ RCRA Limit
Arsenic, TCLP <0.50 <0.50 <0.50 5
Barium, TCLP 0.58 0.57 0.64 100
Cadmium, TCLP 0.129 0.126 0.145 1
Chromium, TCLP <0.050 <0.050 <0.050 5
Lead, TCLP 0.05 0.06 0.05 5
Selenium, TCLP 0.43 0.47 0.27 1
Silver, TCLP <0.05 <0.05 <0.05 5
Mercury, TCLP <0.002 <0.002 <0.002 0.2

a- Allvalues are in mg/L.

4.7  Disposal of Granular Filtration Media

The pyrolusite granular filtration media was submitted for TCLP testing after the conclusion of the pilot.
Table 4-11 shows TCLP results for the media. Comparing the results to the RCRA limits indicates that
spent media can be disposed of as non-hazardous waste.

Table 4-11: Granular Filtration Media TCLP Results®

Analyte® Pyrolusite TCLP Results RCRA Limit
Arsenic, TCLP 0.35 5
Barium, TCLP 0.18 100
Cadmium, TCLP 0.028 1
Chromium, TCLP 0.010 5
Lead, TCLP <0.20 5
Selenium, TCLP <0.5 1
Silver, TCLP <0.05 5
Mercury, TCLP <0.0020 0.2

a- Allvalues are in mg/L.

4.8 Operational Considerations

A key component of this pilot evaluation was to determine operations control points and design criteria
for the full-scale facility. In this section, key operational considerations are addressed for the following

treatment processes:

e Oxidation (Section 4.8.1)

e Settled water pH adjustment (Section 4.8.2)

e Flocculation and sedimentation (Section 4.8.3)
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e Filter operation (Section 4.8.4)
e Adsorption pH adjustment (Section 4.8.5)
e Finished water stabilization (Section 4.8.6)

e Disinfection considerations (Section 4.8.7)

4871 Oxidation

Over the course of the pilot study, the chlorine residual concentration was monitored at the filter
effluent. For the first half of pilot operations, a chlorine addition point upstream of the rapid mix basin
allowed for two minutes of contact time before the addition of caustic soda, ferric chloride, and polymer
in the rapid mix basin. In August 2016, the pilot operations team moved the chlorine addition point to
the rapid mix basin along with the other chemicals. This change in chlorine addition point did not affect
metals removal through the treatment train.

During the first two months of the pilot study, the pilot operations team targeted a free chlorine
residual of 1.3 mg/L in the filters to ensure adequate oxidation of manganese on the filters for thallium
and manganese removal. The target residual was reduced to 0.3 mg/L when the adsorption columns
were brought on-line. Adsorption media vendors recommended minimizing the chlorine residual on the
media to limit degradation of the media binder. However, no data was provided on the maximum
chlorine residual or the effects of chlorine residual on adsorption media life.

A comparison of metals data at both a 1.3 mg/L and 0.3 mg/L chlorine residual indicated that a higher
chlorine residual did not offer additional treatment benefit. Therefore, an oxidation reduction potential
(ORP) of 500 mV at a chlorine residual of 0.3 mg/L, as shown in Figure 4-29, indicates sufficient oxidation
to aid in downstream metals removal.

Figure 4-29: Raw Water and Settled Water Oxidation Reduction Potential
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4.8.2 Settled Water pH Adjustment

As discussed previously, the pilot operations team targeted a pH of 8.2 through sedimentation for
optimal removal of zinc and cadmium. Table 4-12 presents the caustic soda dose range needed to
maintain settled water pH within a range of pH 8.1 and 8.3.
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Based on the measured alkalinity and hardness of the Judge Tunnel and Spiro Tunnel sources, as the
amount of Spiro Tunnel water in the blend increased, the caustic soda dose increased to maintain the
target settled water pH of 8.2.

Table 4-12: Caustic Dose Range to Achieve 8.1 to 8.3 Settled Water pH?

Water Source Minimum Dose Median Dose Maximum Dose
Spiro Only 22.6 24.0 26.6
4:1 Spiro to Judge Blend 7.5 18.5 29.1
2:1 Spiro to Judge Blend 14.6 18.2 26.9
Judge Only 10.3 11.8 16.7

a- Allresults are in mg/L.

When treating Spiro Tunnel water only, the pilot operations team observed that softening occurred
through flocculation and sedimentation at a pH of approximately 8.5. Therefore, the maximum pH
through flocculation and sedimentation was controlled to be less than 8.4. When softening occurred,
turbidity performance deteriorated through both sedimentation and filtration due to the calcium
particles. Scale also built up on the instruments (pH probes and turbidimeters), which resulted in
inaccurate readings.

4.8.3 Flocculation and Sedimentation

The pilot plant used a small-scale rapid mix/flocculation/sedimentation pilot skid. The skid included
3-stage flocculation, with flocculation time from 30 to 45 minutes (depending on flowrate), and variable
speed flocculation mixers. Following flocculation, treatment used an inclined lamella plate settling basin
with an adjustable number of lamella plates. The S100 flocculation/sedimentation skid has the following
design parameters:

e The maximum flowrate for the S100 unit is 6.2 gpm.

e Rapid Mix Volume: 5 gallons (at 6.2 gpm, 1.3 minutes rapid mix time).

e Flocculation Basin 1, 2, and 3 Volume: 60 gallons per stage (at 6.2 gpm, 9.7 minutes per stage).
e Sedimentation Basin Volume: 130 gallons (at 6.2 gpm, 21.0 minutes).

e Sedimentation Basin Settling Area: 40.5 sf (at 6.2 gpm there is an effective surface loading rate of
0.15 gpm/sf with all 25 plates installed).

The rapid mix energy was set at 500 sec. The mixing energy for three stages of flocculation was set as
follows: Stage 1 at 60 sec’?, Stage 2 at 40 sec’, Stage 3 at 20 sec™.

The number of lamella plates in the skid can be adjusted by removing plates. Initially, twelve of the
available 25 plates were removed. With 13 of the available 25 plates used, the setting area was 21.1
square feet and the effective surface loading rate was 0.29 gpm/sf. During Pilot Plant Commissioning, a
settled water turbidity of less than 2 NTU could not be maintained and the twelve removed plates were
installed. This decreased the effective surface loading rate of the pilot equipment to 0.15 gpm/sf at 6.2
gpm. The skid operated at this condition for the remainder of the pilot study. It was decided that the
most important operating guideline for the clarifier was to produce representative settled water quality.

Full-scale design, assuming plate settling, will follow Utah Administrative Code R309-525-13.
Sedimentation, which states, “Sedimentation With Tube Settlers shall be a maximum rate of 2 gal/sq.
ft./min of cross-sectional area, unless higher rates are successfully shown through pilot plant or in-plant
demonstration studies.” At this point, no pilot data is being presented to illustrate a loading rate in
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excess of 2 gal/sq. ft/min of cross-sectional area. Previous full-scale design experience will be the basis
for the MIW treatment facility design criteria if a lamella plate clarifier is selected for implementation.

Ferric chloride was used as the primary coagulant throughout the pilot study. No other coagulants were
evaluated during the pilot study since ferric chloride worked effectively and provided dual benefits for
metals removal and turbidity removal. Jar testing and pilot scale demonstration verified the coagulant
dose of 8 to 12 mg/L that was used throughout normal operations in the pilot study. The dose varied
during normal operation to both meet the settled water turbidity goal of <2 NTU and to optimize filter
UFRVs for different filter media.

Similar to the coagulant dose, a range of polymer doses aided in clarification and filtration to both meet
the settled water turbidity goal of <2 NTU and to optimize filter UFRVs. Jar testing provided an initial
range of polymer doses, which were then confirmed at the pilot scale. Polymer dose in the pilot plant
ranged from 0.5 to 2.0 mg/L.

4.8.4  Filter Operation

Following the flocculation and sedimentation skid, the pilot plant include a small-scale filtration skid.
The F300 filter skid includes four filter columns in parallel, each with a dedicated feed pump. The filter
skid has the following design parameters:

e Maximum total flow rate: 8.0 gpm
e Individual filter flow loading rate range: 2.0 gpm/sf to 12.2 gpm/sf
e Filter column diameter: 6 inches

The maximum flow rate of 6.2 gpm of the flocculation/sedimentation skid limited the filter skid to a
maximum flow rate of approximately 5.5 gpm.

Criteria for filter runs were previously discussed in Section 4.4. At the termination of each filter run, the
filters underwent a backwash. Backwashes for each filter varied for each media. Each backwash cycle
consisted of air scour, followed by air scour combined with backwash, backwash (water only), and filter-
to-waste. Filter-to-waste required a time setting, which was established as 30 minutes in order to keep
any high turbidity water from entering the CFE basin and adsorption media.

As previously discussed, filter loading rates ranged from 5 to 12 gpm/sf during normal operation. Due to
the limiting total influent flow of 5.5 gpm, if two filters were operating at filter loading rates above 8
gpm/sf, one filter was set at 2 gpm/sf to ensure adequate flow to all filters.

4.85 Adsorption pH Adjustment

The target pH for adsorption columns was discussed in Section 4.2. One column of Metsorb® media
treated water at pH 7.6, which would need no pH adjustment for distribution. The E33, GFH®, and
second Metsorb® media columns treated water, first at pH 7.0 and then at pH 6.5. The addition of
sulfuric acid to the adsorption influent decreased pH to achieve pH targets of 7.6, 7.0, and 6.5.

To accommodate two target pH values, the CFE basin fed two adsorption feed pipes, which fed the
adsorption columns. Sulfuric acid fed into each feed pipe at the CFE basin effluent. To reach pH 7.6, 0.05
and 0.1 percent dilute sulfuric acid solutions were used, and to reach pH 7.0 and 6.5, 0.5 and 1 percent
dilute sulfuric acid were used. An online pH probe measured influent pH on the pH 7.0 and 6.5 feed line,
which allowed for more accurate acid dose adjustments to reach the target pH. Table 4-13 shows the
average sulfuric acid doses required to reach each pH value.
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Table 4-13: Average Sulfuric Acid Doses Used to Reach Adsorption Influent pH of 7.6, 7.0, and 6.52

Average Sulfuric Average Sulfuric Average Sulfuric
Water Source Acid Dose to Acid Dose to Acid Dose to
achieve pH 7.6 achieve pH 7.0 achieve pH 6.5
2:1 Spiro to Judge Blend 5.9 16.7 37.2
4:1 Spiro to Judge Blend 4.4 NA 43.4

a- Alldoses are in mg/L

Combined filter effluent during a period of using a 2:1 blend ratio of Spiro to Judge waters was used for
an acid titration to determine necessary dose for various target pH values. The addition of one percent
dilute sulfuric acid to filter effluent water in 0.1 mL increments reduced pH as shown below in

Figure 4-30. Filter effluent water had an initial pH of 8.1 and 33.3 mg/L sulfuric acid addition adjusted pH
to 6.6.

Figure 4-30: Acid Titration with Filter Effluent
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4.8.6 Finished Water Stabilization

Effluent from the pH 6.5 Metsorb® titanium dioxide column was used for a titration test using caustic
soda before the conclusion of the pilot study. Alkalinity and pH were measured initially, and pH was
measured continuously as caustic soda (25% concentration) was added to one liter of adsorption
effluent in 0.1 mL increments. A second sample of adsorption effluent was then pH adjusted to 7.6 and
alkalinity measured. The first and second CCPP stabilization curves are shown in Figure 4-31. Initial pH
and alkalinity of the adsorption effluent in the first test were 6.66 and 95 mg/L as CaCOs, respectively,
and the alkalinity of effluent at pH 7.6 was 140 mg/L as CaCOs. In the second CCPP test, the initial pH
was 6.73 and initial alkalinity was 100 mg/L as CaCOs. Alkalinity at pH 7.6 was 140 mg/L as CaCOs.
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Figure 4-31: Finished Water Stability Test
8.50

8.00

7.50

7.00

pH of Solution

6.50

6.00
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

Caustic Soda Dose (mg/L)

———10/6/2016 ==—==10/7/2016

4.8.7 Disinfection Considerations

The pilot operations team conducted a chlorine residual decay test during the pilot study to aid in the
future design of the chlorine disinfection basin for the full-scale water treatment plant. For the test, the
operations team collected two liters of pH 6.5 Metsorb® titanium-dioxide adsorption media effluent,
and adjusted pH to 7.6, and then dosed with a 1.24% sodium hypochlorite solution to obtain a chlorine
residual of 1.5 mg/L. Chlorine residual and pH of the water were measured at two-hour increments for
six hours and then measured again after 24 hours. Table 4-14 below indicates that there was minimal
decay of chlorine residual after a 24-hour period.

Table 4-14: Chlorine Decay Test Results

Time?® Chlorine Residual® pH

0 1.64 7.70
2 1.63 7.69
4 1.57 7.73
5.5 1.56 7.77
24 1.42 8.00

a- Time measured in hours
b-  Chlorine residual measured in mg/L Cl,

49 Challenge Tests

One key objective for the MIW pilot plant operation was to perform various challenge tests in order to
understand the robustness of the treatment process, particularly with regard to risk of stream discharge
compliance issues. Between August and September 2016, the pilot operations team performed testing
through several challenges to demonstrate treatment in less than ideal conditions. The challenge tests
conducted included:

e Filter challenge tests

e A 48-hour shutdown and a 72-hour shutdown
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e Periods of ceasing to add chemicals used at the pilot plant, including caustic soda, sodium
hypochlorite, ferric chloride, and polymer

e Elevated turbidity in the source waters (as described previously)

49.1 Filter Challenge Tests

Filter challenge tests included a high loading rate “stress test” and a test in which the filter loading rate
was changed rapidly. These tests were conducted to identify any changes in filtered water quality that
could occur if the filter loading rate changed to accommodate a higher or lower plant flowrate.

In the high loading rate stress test, one 42-inch pyrolusite filter’s loading rate was changed from 10 to
12 gpm/sf for approximately 4 days to evaluate both turbidity removal and metals removal. Filter
performance remained constant throughout the high rate stress test. While at 12 gpm/sf, the pyrolusite
filter achieved UFRVs between 10,000 and 12,600 gal/sf and maintained a median filter run turbidity of
0.02 NTU, both of which were consistent with performance at a 10 gpm/sf loading rate. Additionally, the
pyrolusite filter completely removed manganese and thallium during the high loading rate stress test. It
should be noted that the filter loading rate of 12 gpm/sf represented the highest possible filter loading
rate with the pilot equipment.

Turbidity removal of the pyrolusite filters was also evaluated when loading rates were changed mid-run.
For each 42-inch pyrolusite filter, loading rates were changed for two hours and then returned to the
previous loading rate. The first 42-inch pyrolusite filter was changed from 10 to 5 gpm/sf, the second
pyrolusite filter changed from 6 to 10 gpm/sf, and the third pyrolusite filter changed from 8 to

11 gpm/sf. All filter loading rate changes were made two hours into their respective filter runs and
lasted for 2 hours before returning the filters to their original loading rates. Filter effluent turbidity and
filter run UFRVs remained similar for all pyrolusite filters throughout the duration of the test.

49.2 Shutdown Challenge Tests

The pilot operations team conducted a 48-hour shutdown test in late August 2016 and a 72-hour
shutdown test in early September 2016 to determine any effect on water quality when bringing the
treatment processes back online after a period without treatment. In each test, the pilot plant processes
were shutdown for the time period indicated, with no flow through several unit process. At the end of
the 48-hour shutdown test, flow was returned to the pilot plant. Sampling through the treatment
process immediately followed the end of the shutdown test after placing the filters and adsorption
columns back in service.

Both metals removal and turbidity removal were evaluated in the 48-hour shutdown test. For this test,
water continued to run through the flocculation/sedimentation skid throughout the test, but water to
all filters and adsorption media was turned off. Sodium hypochlorite, caustic soda, ferric chloride, and
polymer continued to be fed to the oxidation and flocculation/sedimentation skids throughout the test.
Samples were taken through the process before shutdown.

After bringing the pilot plant back online after the shutdown, filters operated normally for 15 minutes
before backwashing. Sampling of all filter effluent occurred at 5 minutes and 12 minutes after each filter
came back online as well as 15 minutes after backwashing the filters. Metals removal remained
consistent through all 42-inch pyrolusite columns before and after the 48-hour shutdown test.

The 40-inch anthracite over 20-inch pyrolusite column saw no change in metals removal before and
after the test except for the removal of thallium. Thallium was detected in the effluent at levels greater
than the stream discharge permit level after 5 minutes and 12 minutes of filter operation after coming
back online. The anthracite over pyrolusite filter effluent was not sampled after backwashing.

The 72-hour shutdown test focused on turbidity performance through sedimentation and filtration as
well as time to bring the pilot plant back online. No sampling for metals occurred before or after the
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72-hour shutdown. In this test, no water flowed through clarification, filtration, or adsorption over a
72-hour period. The pilot plant was brought back online incrementally, with flow to flocculation and
sedimentation increased from 3 to 6 gpm after 2.5 hours of operation. Settled water turbidity dropped
to below 1.5 NTU after 30 minutes of operation and remained below 1.5 NTU throughout the startup
period. All filters were backwashed immediately after startup. Effluent turbidity of all filters dropped
below 0.03 NTU within 20 minutes of normal operation after backwash and remained there throughout
the filter runs. The Metsorb® media saw an increase in antimony removal two days after the shutdown,
most likely due to the resting period during the 72-hour shutdown.

49.3 Chemical Drop Tests

The chemical drop tests consisted of ceasing to add a treatment chemical for a period of approximately
12 to 16 hours to demonstrate the effect on treatment of an interruption in dosing of each treatment
chemical. Tests were conducted individually, dropping caustic soda, sodium hypochlorite, ferric chloride,
and polymer over a number of tests. For the tests, the pilot operations team turned off each chemical,
except polymer, overnight and brought them back online the next morning. Before returning the
chemical feed, sampling through the process occurred to determine any effects on metals removal.

Polymer was unintentionally halted several times throughout the course of the study for up to 12 hours
at a time. An evaluation of turbidity removal during these periods is shown below.

4.9.3.1 Caustic Soda

When the caustic soda feed was stopped, pH in the settled water basin dropped to 7.4 from pH 8.2.
Through filtration, pH dropped from 8.0 to 7.5. Adsorption influent pH dropped slightly from pH 6.5 to
pH 6.4 in the low-pH adsorption columns and from pH 7.6 to 7.4 in the ambient-pH adsorption columns.

Due to the pH-dependent nature of cadmium and zinc removal, the loss of caustic soda resulted in
elevated cadmium and zinc levels through clarification and filtration. Zinc levels through the pyrolusite
effluent exceeded the SDP and cadmium levels through the pyrolusite effluent reached values near the
SDP, showing the importance of maintaining a pH of 8.0 or above through filtration. During the test,
pyrolusite filter effluent had approximately four times the cadmium and ten times the zinc
concentrations that would typically be loaded onto the Metsorb® titanium-dioxide adsorption media.
Both cadmium and zinc were removed to levels at or near the detection limit through Metsorb® media.
Table 4-15 shows cadmium and zinc concentrations through the process during the test compared to
median concentrations from pilot study data. These results demonstrate the criticality of the multiple
metals removal barriers provided with post-filter Metsorb® adsorption.

Table 4-15: Cadmium and Zinc Removal Without Caustic Soda Feed

Cadmium®¢ ZincH

Sample Locations Without Caustic Median Value Without Caustic Median Value

Soda Soda
Laboratory Detection Limit 0.1 0.1 5 5
Influent 0.8(0.7) 0.8(0.7) 310 (260) 310 (280)
Settled Water 0.6 (0.5) 0.5(0.2) 250 (190) 140 (40)
Post-Filtration® 0.4 0.1 210 20
Post-Adsorption® ND ND 20 10
MCL 5 5 5000 5000
SDP 0.42 0.42 198 198

a- Concentration reported is the average of all filter effluent concentrations in similar operating conditions.
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b- Concentration reported is the maximum concentration of all adsorption effluent samples to provide the most conservative
estimate.

c- Allvalues are in pg/L. Dissolved concentrations are in parentheses.

d- Avalue of ND indicates a concentration below the laboratory detection limit.

4.9.3.2 Sodium Hypochlorite

The loss of sodium hypochlorite was expected to affect both the pre-oxidation process and the
pyrolusite filter media performance. Removal of manganese and thallium through pyrolusite media
relies on the media retaining a positive chlorine residual. Despite the temporary stop in chlorine dosing,
the pyrolusite filters completely removed thallium and manganese to below the laboratory detection
limit throughout the interruption of 18 hours in chlorine dosing. Longer periods without chlorine dosing
may have a greater impact. Continuous chlorine dosing is recommended at full-scale.

4.9.3.3 Ferric Chloride

The loss of ferric chloride affected both metals removal and turbidity performance. Without ferric
chloride, settled water turbidity increased to 2.5 NTU after 50 minutes. Figure 4-32 shows that the 42-
inch pyrolusite filters at 10 gpm/sf and 8 gpm/sf filter loading rates operated for approximately one
hour before they could no longer maintain effluent turbidities of less than 0.1 NTU. The 42-inch
pyrolusite filter at 6 gpm/sf operated for approximately four hours before consistently reaching effluent
turbidities above 0.1 NTU. The 40-inch anthracite over 20-inch pyrolusite filter was operating at a 2
gpm/sf loading rate and was turned off after seven hours of operation along with the other filters. It
reached a maximum effluent turbidity of 0.04 NTU at seven hours of operation without ferric chloride.
The loss of ferric chloride also resulted in a reduction of arsenic and lead removal through clarification.

Figure 4-32: Turbidity Removal through Clarification and Filtration during Ferric Drop Test
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4.9.3.4 Polymer

Polymer feed to the pilot was unintentionally stopped five times throughout May and June, 2016. In all
five instances, the polymer feed stopped overnight and the pilot operators saw that the polymer was
not feeding into the rapid mix basin the next morning. The exact time that the polymer stopped feeding
to the system is unknown in all five instances. After discovering the loss of polymer feed, the pilot
operators reinstated polymer feed by repositioning the feed tube in the peristaltic feed pump and by
trimming the feed tubing inlet or outlet to remove any clogging of polymer in the tubing. All five
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instances occurred while a small diameter polymer feed tube was used; it was replaced with a larger
diameter tubing in June 2016 and polymer feed was able to run continuously after the switch. During
polymer stoppage, settled water turbidity increased from less than 2.0 NTU to a maximum of 3.3 NTU.
Pyrolusite filter run times and UFRVs decreased slightly and median filter effluent turbidities increased
slightly during periods of polymer loss. All pyrolusite filter runs terminated due to headloss
accumulation during the periods of polymer feed loss. Filter run UFRVs and median filtered water
turbidities for the filter runs during loss of polymer feed are indicated as black squares on the filter run
summaries shown below in Figure 4-33 and Figure 4-34. The plots below show that pyrolusite filters can
still produce low turbidity filtered water without a polymer feed for a period of 12 hours or less.

Figure 4-33: Filter Run UFRV during Figure 4-34: Median Turbidity of Filter Runs
Polymer Drop during Polymer Drop
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4.9.3.5 Summary of Chemical Drop Tests

The chemical drop tests indicated that, in an emergency, interruptions to caustic soda, sodium
hypochlorite, and polymer dosing can be tolerated for up to 12 hours without a significant impact on
finished water quality. For stream discharge, zinc concentrations may become critical if caustic soda
dosing is interrupted. The tests also indicated that the process can continue to operate for a short
period of time without ferric chloride until an operator is able address the loss in chemical feed.

410 Taste Test

At the conclusion of the pilot study, adsorption effluent at both a 2:1 Spiro to Judge blend ratio and a
4:1 Spiro to Judge blend ratio were collected and compared to the taste of two water sources from Salt
Lake City and two sources from the Park City distribution system. Effluent from one pH 6.5 Metsorb®
column was sampled for the adsorption effluent samples. Both samples were pH adjusted to pH 7.6 and
disinfected with sodium hypochlorite at a chlorine residual of 1.5 mg/L after 30 minutes of contact time
to provide more than 0.5 log reduction in Giardia and a much more than the SWTR’s 2.0-log reduction in
viruses. All samples were taken the day before the test and refrigerated to maintain a similar
temperature. A facilitator numbered the samples and served them to six taste testers in order to
maintain a blind taste test. Figures 4-36 and 4-37 show the taste testers trying the various waters. The
taste testers ranked the samples from best to worst and rated them on an absolute scale. Figure 4-35
presents the average rating given to each sample and indicates that all sample waters were observed to
be fairly similar in taste. The Metsorb® effluent with a 2:1 Spiro to Judge blend received the highest
rating, followed by water collected from the CH2M office near Salt Lake City. After the waters were
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SECTION 4 KEY OBSERVATIONS AND FINDINGS

ranked from best to worst, it was found that the Metsorb® effluent with a 2:1 Spiro to Judge blend was
ranked the highest, while the Metsorb® effluent with a 4:1 Spiro to Judge blend was in the middle of the
pack.

Figure 4-35: Average Rating of Test Waters
(0 = Bad Tasting Water, 10 = Great Tasting Water)
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Figure 4-36 and 4-37: Members of the pilot study team from Park City and CH2M tasting waters from the pilot plant
and from Park City and Salt Lake City distribution systems.
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Key Questions Addressed by Pilot Testing

The key questions that were identified in the Pilot Testing Protocol to be addressed during pilot testing
are shown again in this section, followed by a response to each question.

1.

Does the optimum treatment approach from the previous decision evaluation and bench-scale
testing perform as expected, meeting PCMC water quality goals, including drinking water MCLs and
stream discharge limits for Judge Tunnel water, Spiro Tunnel water, and combined tunnel water?

Yes, the optimum treatment approach performs better than expected and meets PCMC water
quality goals including drinking water MCLs and stream discharge limits for Judge Tunnel water,
Spiro Tunnel water, and combined tunnel water.

Does the same treatment approach perform acceptably under varying seasonal water quality? How
does the treatment process perform during periods of miner activity in the tunnel? How does the
process respond to or recover from an upset?

Testing has demonstrated that the treatment approach performed acceptably throughout the

7 month study, including during all turbidity spikes encountered (see Section 4.4 and Figures 4-23
through 4-25) and during all seasonal variations encountered during testing from April through
October, 2016.

Does pilot testing identify any limitations of the treatment approach that must be addressed in
full-scale facility design and/or operations? Are there key findings from pilot study operations that
help to familiarize operators with the treatment approach?

Pilot testing has indicated some key boundary conditions for future full-scale operation, particularly
with regard to pH through clarification and the pH of adsorption. Key observations include the
following:

e  When treating Judge or blended Judge and Spiro water, targeting settled water pH of 8.2 was
required for effective zinc and cadmium removal to below the stream discharge permit limit.
Refer to Figure 3-2, Figure 3-3, and Section 3.0.

e Softening occurred at pH 8.5, as noted in Section 3.0 and 4.8. At full-scale, care should be taken
to keep pH at 8.2 but not to allow pH to rise to levels that can result in softening due to the
solids production, scaling, and ultimately the maintenance requirements associated with
softening.

e Adsorptive media performance is better (longer media life to exhaustion) at lower pH. An
operating strategy to optimize life-cycle costs will be developed as the project progresses.

o Polymer feed and ferric chloride coagulant feed are important to the continued production of
high quality settled water and to achieve the operational goals for filter performance.

To enhance the involvement of the PCMC operations group, the following tasks were undertaken
during pilot testing:

e To initiate operator involvement in learning about the pilot process and its O&M requirements,
the PCMC operations team operated and maintained the pilot plant over the weekends,
beginning in July.

e The PCMC operations team also attended an information session on O&M of the pilot facilities,
including the theory behind the operating conditions in the pilot plant and the importance of
metals removal through treatment.
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5-2

e During September 2016, the PCMC operators performed pilot plant O&M for a week of
operations.

e PCMC operators provided key input in responding to raw water turbidity events in September
2016.

4. To what extent is each metal of interest removed through each treatment step? Does this
information support blending and bypass treatment alternatives that could be used to reduce the
capital and O&M cost of the full scale treatment facility?

Metals removal through treatment is described in Section 4.1 (through clarification and filtration)
and Section 4.2 (through adsorption). As shown, all drinking water limits, stream discharge permit
limits, and PCMC water quality goals have been met. Additional challenge testing, described in
Section 4.9, has been performed to verify the performance of the multi-barrier treatment approach
for metals removal.

The data collected and summarized herein can be used to perform different bypass and blending
analyses during conceptual design. The available test results from the pilot testing indicate that
there is the potential for development of a partial bypass of the adsorption process followed by
downstream blending. Further evaluation of this approach will occur in conceptual design and will
be based on balancing water quality and life-cycle costs.

5. Does the optimum treatment approach pass the required WET tests and allow regulatory
approval of WET testing results?

As described in Section 4.3, the pilot treated water passed the first and second WET tests for
survival and reproduction of Ceriodaphnia dubia (water flea) and Pimephales promelas (fathead
minnows). The tests were conducted under the required seasonal conditions.

6. Does adsorption media performance and media capacity match projections and allow selecting a
preferred type of media?

The following are key findings related to adsorption:

e Preliminary estimates for full-scale O&M costs were based on replacement of Metsorb® media
after 15,000 bed volumes. This estimate was increased to 30,000 bed volumes following bench-
scale testing. Projections of the adsorption media data indicate that longer media life (higher
bed volumes) are expected to be realized. The test results show that media life will be
maximized if pH is lowered to 6.5 for adsorption.

7. From the solids and discharge streams, how do the residuals settle and dewater? Do residuals
pass the toxicity characteristic leaching procedure (TCLP)? What are the estimated solids
quantities by water source and blend ratio?

As described in Section 4.6, the pilot plant residuals settle and dewater effectively with polymer
addition. Residuals passed the TCLP test. The data generated will be used in conceptual design
and future updates to facility construction and O&M cost estimates.

8. What chemical doses are required to stabilize finished water for the distribution system?

As described in Section 4.8.6, titrations with acid for pH reduction before adsorption and base to
achieve finished water quality targets were conducted on pilot plant effluent during the pilot
study.

9. What are the updated and/or refined design criteria for full-scale (i.e., flocculation time, filter
loading rates, empty bed contact time for adsorption, chemical doses)? Does the data generated
during pilot testing demonstrate these design criteria to DDW and/or DWQ?
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10.

11.

SECTION 5 KEY QUESTIONS ADDRESSED BY PILOT TESTING

The updated design criteria for full-scale will be developed during conceptual design based on
the pilot testing results. The data generated during pilot testing has been collected with the
objective of being sufficient to demonstrate design criteria to DDW and/or DWQ. As described
herein, filter performance has been shown to be equivalent for filter loading rates from 5 to
12 gpm/sf.

What are the chemical and energy costs for the full-scale facility? How much truck traffic will be
associated with chemicals, solids, and media replacement during full-scale plant operation?

The data gathered during pilot testing on water quality, chemical doses, and solids generation
will be used to update chemical and energy costs for the full-scale facility during conceptual
design. This information will be used to quantify truck traffic for future full-scale plant
operation.

What are the updated and/or refined construction and O&M costs for full-scale?

The construction and O&M costs for the full-scale facility will depend on a number of process
decisions that will be made during conceptual design, and the pilot testing results summarized
in this document will represent key information to support these decisions.

CH2M HILL ENGINEERS, INC. 5-3



Continuing Pilot Tests

As a continuation of this pilot study, Park City Municipal Corporation plans to operate the adsorption
columns further by feeding filtered Spiro Tunnel water through the adsorption media. This will allow for
adsorption media exhaustion curves to be extended to actual media exhaustion.

Several other pending test results will also become available following distribution of this Draft Pilot
Testing Report. The sample results anticipated to become available in the future include the results of
germanium sampling in the raw water and adsorption effluent and radionuclides sampling in the solids.
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APPENDIX A — SUMMARY OF PILOT RUNS INCLUDED IN PILOT ANALYSIS

Table A-1: Summary of Pilot Runs Included in Metals Removal through Oxidation, Clarification, and Filtration Analysis

pione TR Pltor  Oloe | Costciod rwicctras AT Sl megfen m e
g/L)®  Dose (mg/L) Dose®< (mg/L) Dose%e (mg/L) pHe Residualef Ratef Turbiditysf
4/29/20164 PY02-43 Spiro 2.75 25.6 10.0 0.54 8.3 1.22 5 0.039
4/29/20164 PY01-43 Spiro 2.75 25.6 10.0 0.54 8.3 1.22 5 0.083
5/2/2016 PY01-45 Spiro 2.75 22.7 10.0 0.75 8.2 1.28 5 0.021
5/2/2016 PY02-45 Spiro 2.75 22.7 10.0 0.75 8.2 131 5 0.022
5/3/2016 PY02-45 Spiro 2.75 23.4 10.0 0.75 8.2 1.23 5 0.022
5/4/2016 PY02-46 Spiro 2.75 253 10.0 0.75 8.1 1.34 6 0.022
5/4/2016 PYO01-46 Spiro 2.75 25.3 10.0 0.75 8.1 1.26 6 0.024
5/5/2016 PYO01-47 Spiro 2.75 25.3 10.0 0.75 8.0 1.32 5 0.025
5/5/2016 PY02-47 Spiro 2.75 25.3 10.0 0.75 8.0 1.32 5 0.023
5/6/2016 PY01-47 Spiro 2.75 253 10.0 0.75 8.0 1.44 5 0.024
5/6/2016 PY02-47 Spiro 2.75 253 10.0 0.75 8.0 1.44 5 0.022
5/16/2016 PY02-54 Judge 2.75 11.8 8.0 0.75 8.1 1.28 6 0.022
6/1/2016 PY01-60 2:1 0.85 19.7 10.0 0.82 8.3 0.41 5 0.022
6/1/2016 PY02-60 2:1 0.85 19.7 10.0 0.96 8.3 0.40 6 0.023
6/2/2016 PY02-61 2:1 0.85 19.7 10.0 1.25 8.3 0.41 6 0.023
6/2/2016 PYO01-61 2:1 0.85 19.7 10.0 1.25 8.3 0.39 5 0.021
6/3/2016 PY02-61 2:1 0.85 19.7 10.0 1.25 8.3 0.41 6 0.022
6/3/2016 PYO1-61 2:1 0.85 19.7 10.0 1.25 8.3 0.42 5 0.022
PY01-62 0.38 5 0.021

6/6/2016 _— 2:1 0.85 14.6 8.0 1.00 8.3
PY02-63 0.39 6 0.022
6/7/2016 PY01-62 2:1 0.85 17.3 8.0 1.00 8.3 0.38 5 0.021
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Pilot Run Pilot Source Chlorine Caustic Soda  Ferric Chloride Coagulant Settled Filter Efflufent F|Ite_r Filter

Sample Date Identifiere Watera Dose (mg/L)¢ Dose (mg/L)e  Doseb* (mg/L) Polymer Water Free Chlorine Loading Effluent
e & e Dose% (mg/L) pHe Residualef Ratef Turbiditysf

PY02-63 6 0.022

PY01-63 5 0.021
6/8/2016 2:1 0.85 17.3 8.0 1.00 8.2 0.36

PY02-64 6 0.022

PY01-63 5 0.021
6/9/2016 2:1 0.85 17.3 8.0 1.00 8.2 0.29

PY02-64 6 0.022

PY01-66 5 0.021
6/17/2016 2:1 0.40 17.1 8.0 1.00 8.1 0.21

PY02-68 6 0.023

PY01-68 5 0.018
6/24/20164 2:1 0.40 18.2 8.0 1.00 8.2 0.23

PY02-71 6 0.023

PY02-74 6 0.023
6/30/2016¢ 2:1 0.40 18.2 8.0 1.00 8.3 0.24

PYO01-71 5 0.018
7/5/2016 PY02-76 4:1 0.40 18.1 8.0 1.00 8.2 0.25 6 0.024

PY02-79 0.21 6 0.024
7/11/2016 4:1 0.40 18.0 8.0 1.00 8.2

PY01-77 N/A 10 0.018
8/11/2016 PY01-120 4:1 0.70 15.6 8.0 0.64 8.2 0.29 12 0.020
8/15/2016 PY01-126 4:1 0.70 14.5 8.0 0.75 8.3 0.36 12 0.020
8/19/2016 PY02-105 4:1 0.70 14.0 8.0 0.75 8.2 0.36 6 0.025
8/19/2016 PY07-02 4:1 0.70 14.0 8.0 0.75 8.2 0.34 8 0.021
8/19/2016 PY01-134 4:1 0.70 14.0 8.0 0.75 8.2 0.39 10 0.021
8/23/2016 PY02-108 4:1 0.70 15.5 8.0 0.75 8.2 0.36 6 0.025
8/23/2016 PY07-06 4:1 0.70 15.5 8.0 0.75 8.2 0.33 8 0.020
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Pilot Run Pilot Source Chlorine Caustic Soda  Ferric Chloride Coagulant Settled Filter Efflufent F|Ite_r Filter
Sample Date Identifiere Watera Dose (mg/L)¢ Dose (mg/L)e  Doseb* (mg/L) Polymer Water Free Chlorine Loading Effluent
e & e Dose% (mg/L) pHe Residualef Ratef Turbiditysf
8/23/2016 PY01-140 4:1 0.70 15.5 8.0 0.75 8.2 0.40 10 0.020
8/26/2016 PY01-144 4:1 0.70 15.5 8.0 0.75 8.2 0.41 10 0.021
8/26/2016 PY02-110 4:1 0.70 15.5 8.0 0.75 8.2 0.36 6 0.025
8/26/2016 PY07-09 4:1 0.70 15.5 8.0 0.75 8.2 0.33 8 0.021
9/7/2016 PY01-153 4:1 0.70 17.9 8.0 0.75 8.2 0.35 10 0.021
9/7/2016 PY02-114 4:1 0.70 17.9 8.0 0.75 8.2 0.32 6 0.026
9/7/2016 PY07-16 4:1 0.70 17.9 8.0 0.75 8.2 0.26 8 0.021
PYO1-161 10 0.021
9/12/2016 EE—— 4:1 0.70 17.4 8.0 0.75 8.3 0.40
PY02-118 6 0.027
10/6/2016 PY01-198 10 0.034
4:1 0.70 19.0 12.0 1.5 8.2 0.39
PY02-141 6 0.019
10/13/2016 PY01-214 10 0.024
4:1 0.28 20.0 12.0 1.5 8.2 0.11
PY02-148 6 0.022
10/20/2016 PY01-228 10 0.026
4:1 0.70 17.8 12.0 1.5 8.1 0.43
PY02-154 6 0.020
10/31/2016 PY01-250 10 0.019
4:1 0.60 21.3 12.0 1.0 8.3 0.34
PY02-164 6 0.026

a- Blend ratios expressed in Spiro to Judge Ratio.

b-  Ferric chloride dose expressed as active ferric chloride.

c- Polymer dose expressed as polymer product (Nalclear 7766 plus — 30 percent active).

d- Indicates a filter effluent sample without a paired influent or settled water sample.

e- Values indicate dose or measurement at the time of the sample taken, and are not representative of the entire filter run. See Appendix F for graphs of all filter runs used for filter
analysis.

f-  For entries with multiple Pilot Run Identifiers, filter loading rate is provided for the singular run and filter effluent turbidity represents the mean value for that run. Chlorine residual is
provided for the singular run if available and is otherwise provided for the combined filter effluent sample.
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APPENDIX B — WATER QUALITY PARAMETERS THROUGH PILOT TREATMENT PROCESSES

Figure B-1: Alkalinity Through Treatment
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Figure B-2: Hardness Through Treatment
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Conductivity, uS/cm

ORP, mV

APPENDIX A — SUMMARY OF PILOT RUNS INCLUDED IN PILOT ANALYSIS

Figure B-3: Conductivity Through Treatment
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Figure B-4: ORP Through Treatment
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Filter Media Sieve Analysis
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Metsorb®, GFH®, and Bayoxide® E33 Adsorption Media Information Sheets
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Nalclear® 7766 Plus Product Bulletin

C-11 CH2M HILL ENGINEERS, INC.



APPENDIX C—PILOT PLANT DESIGN PARAMETERS

CH2M HILL ENGINEERS, INC. C-12



APPENDIX C—PILOT PLANT DESIGN PARAMETERS

C-13 CH2M HILL ENGINEERS, INC.



APPENDIX C—PILOT PLANT DESIGN PARAMETERS

CH2M HILL ENGINEERS, INC. C-14



Appendix D
WET Testing Results



Summary of MIW Pilot WET Testing

PREPARED FOR: Park City Municipal Corporation
PREPARED BY: CH2M

DATE: November 4, 2016

PROJECT NUMBER: 659671.03.31

MIW Pilot WET Tests

Under the Utah Pollutant Discharge Elimination System (UPDES) permits for the Judge and Spiro
Tunnels, two chronic Whole Effluent Toxicity (WET) tests were to be performed during the permit term
on effluent from a pilot scale treatment plant of representative effluent from the blended Judge and
Spiro feed waters. The blended feeds were to be representative of actual ratios of feed waters from the
two tunnels that could likely result in the future treatment plant. One WET test was to be performed
during the spring high flow period and the other during the fall low flow period, approximately six
months after the initial test. The chronic test was to be run on both Ceriodaphnia dubia (water flea) and
Pimephales promelas (fathead minnow).

Both WET tests were completed, as specified in the permits, at the PCMC MIW pilot plant and are
summarized herein. The high flow WET test was conducted in June 2016 and the low flow WET test was
conducted in October 2016. In both WET tests, the pilot plant effluent passed the survival and
reproduction criteria for both Ceriodaphnia dubia (water flea) and Pimephales promelas (fathead
minnow). Results from each WET test can be found in Attachments B through D.

The WET samples were taken of a representative blend of tunnel water treated with the following
treatment train:

e Oxidation with sodium hypochlorite

e Chemical conditioning with sodium hydroxide to achieve approximately 8.2 pH in the settled
water

e Ferric chloride and polymer addition for coagulation
e Filtration through 42 inches of manganese dioxide media
e Adsorption through a titanium dioxide media at pH 7.0 and pH 6.5

The titanium dioxide adsorption column was fed by a combined filter effluent basin, which collected
water from two manganese dioxide filters. The loading rates of the two filtration columns were 5 gpm/sf
and 6 gpm/sf for the first WET test, and 6 gpm/sf and 10 gpm/sf for the second WET test. The titanium
dioxide adsorption had an empty bed contact time of six minutes for the first WET test and five minutes
for the second WET test.

Composite samples of effluent were taken on days 1, 3, and 5 of each test. The complete WET testing
protocol can be found Attachment A.

Due to a laboratory control error on the first WET test, the Ceriodaphnia dubia test was repeated after
the initial test. No laboratory errors were encountered through the second WET test. Operating
conditions for the first and second WET tests are presented below.
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High flow WET test:

The high flow WET test was completed from June 12 — 16, 2016. Results can be found in Attachment B.
Pilot plant operating conditions during the WET test were:

Table D-1: High Flow WET Test Conditions

Parameter Value
Source Water Blend 2:1 Spiro to Judge Blend
Pilot Plant Influent Turbidity Range 3.8-8.0NTU
Sodium Hypochlorite Dose 0.4 mg/L
Sodium Hydroxide Dose Range 17.1-17.9 mg/L
Ferric Chloride Dose 8 mg/L
Polymer Dose 1 mg/L
Settled Water pH Range 8.11-8.38
Manganese Dioxide Filter Loading Rates 5 and 6 gpm/sf
Titanium Dioxide Adsorption Column EBCT 6 minutes
Titanium Dioxide Adsorption Column pH Range 6.79-7.03

The high flow WET test resulted in a finding of “pass” for the survival and reproduction of fathead
minnows and a pass for the survival of Ceriodaphnia dubia.

A laboratory control error for reproduction of Ceriodaphnia dubia invalidated the Ceriodaphnia dubia
part of the test. A follow-up Ceriodaphnia dubia WET test was repeated soon after.

High flow WET test repeat for Ceriodaphnia dubia:

The repeat of the high flow WET test was completed from June 26 — 30, 2016. Results for this test can be
found in Attachment C.

No changes to the treatment train nor the operational set point were made between the first WET test
and the repeated test. This WET test was only conducted on Ceriodaphnia dubia. Pilot plant operating
conditions for the second WET test are outlined below:

Table D-2: Conditions During High Flow WET Test Repeat for Ceriodaphnia dubia

Parameter Value
Source Water Blend 2:1 Spiro to Judge Blend
Pilot Plant Influent Turbidity Range 1.80—-3.77NTU
Sodium Hypochlorite Dose 0.4 mg/L
Sodium Hydroxide Dose 18.2 mg/L
Ferric Chloride Dose 8 mg/L
Polymer Dose 1 mg/L
Settled Water pH Range 8.23-8.25
Manganese Dioxide Filter Loading Rates 5 and 6 gpm/sf
Titanium Dioxide Adsorption Column EBCT 6 minutes
Titanium Dioxide Adsorption Column pH Range 6.92-7.02
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The repeated high flow WET test resulted in a pass for survival and reproduction of Ceriodaphnia dubia.

Low flow WET test:

The low flow WET test was completed from October 9 - 13, 2016. Results can be found in Attachment D.
Pilot plant operating conditions during the WET test were:

Table D-3: Conditions During Low Flow WET Test

Parameter Value
Source Water Blend 4:1 Spiro to Judge Blend
Pilot Plant Influent Turbidity Range 2.5-16.4 NTU
Sodium Hypochlorite Dose 0.7 mg/L
Sodium Hydroxide Dose Range 13.0-21.8 mg/L
Ferric Chloride Dose Range 10 -12 mg/L
Polymer Dose Range 1.0- 1.5 mg/L
Settled Water pH Range 7.94-8.42
Manganese Dioxide Filter Loading Rates 6 and 10 gpm/sf
Titanium Dioxide Adsorption Column EBCT 5 minutes
Titanium Dioxide Adsorption Column pH Range 6.32-6.62

The low flow WET test resulted in a pass for the survival and reproduction of fathead minnows and
Ceriodaphnia dubia.

CH2M HILL ENGINEERS, INC D-3



APPENDIX D — WET TESTING RESULTS

Attachment A—WET Testing Protocol

WET Testing Protocol PCMC Pilot Study

PREPARED FOR: MIW Operations Team

DATE: June 6, 2016

Below is the protocol to be used at the Mining Influence Water Pilot test. This protocol adherers to
UPDES chronic WET testing requirements.

Testing Requirements:

WET testing requirements are established in Table 2 of the UPDES permit
a. Conduct two tests during the permit term. Tests must be performed on effluent from the pilot
plant treating blended feeds representative of the tunnel flows. One test will be conducted
during high flow (spring) and the other approximately 6 months later (low flow condition).
b. Chronic tests must be run on two species, Ceriodaphnia dubia and fathead minnows. The
chronic test duration is 7 days.
c. Test is pass/fail, based on IC25 > 100% effluent. The IC25 is the dilution that results in a 25%
reduction compared to the control. The specifics on calculating the IC25 for each species are in
the EPA WET test procedure. In chronic tests, Ceriodaphnia are monitored for survival and
reproduction, and fathead minnows for survival and growth. A copy of the UPDES permit should
be provide to the toxicity testing lab so they see the exact permit language.

Testing Dates:
15 WET testing date: June 12, 2016

2" WET testing date (approximate): November 13", 2016

Representative Flow:
The WET testing will be performed on blended feeds representative of the tunnel flows. The blended
feed will included 2 parts Spiro water and 1 part Judge water.

Testing Laboratory:

Water Environmental Testing
235W400S

American Fork, UT 84003

Sampling Conditions and Volume:
The WET testing shall be taken from a continuously running treatment piloting. Samples will be taken at
the effluent of the treatment process to simulate stream discharge.

Nine gallons of pilot treated water will be required for this test, delivered in three samples of 5-gallon
composite sample volume. Composite samples will be taken on Sunday, Tuesday, and Thursday and kept
on ice until they are delivered to the laboratory the following morning.

For each of the 5-gallon composite samples, four equal value samples will be collected over a 6 hour

sampling period. Once the sampling has begun, a 0.75 gallon sample will be taken at time stamp 0 hour,
2 hour, 4 hour, and 6 hour.

D-4 CH2M HILL ENGINEERS, INC



APPENDIX D — WET TESTING RESULTS

Samples will be collected in new, clean plastic containers. Before collecting the sample for the lab, the
container will be rinsed with effluent. The container will be filled completely with no headspace. Once
collected, samples must be cooled to 0 to 6 C until used for the testing.

The sample will be taken from the effluent tap of the titanium dioxide adsorption column. The flow rate
for the column is 0.082 gallons per minute. Each sampling event (Ohr, 2hr, 4hr, and 6hr) will require
slightly more than 15 minutes of continuous flow to collect 1.25 gallons.

After the required volume for the WET test is collected, a paired sample for metal testing will be taken.
A 25% aliquot of a one-liter sample will sampled after the WET Sample has been taken at sampling
event. This sample will be sent to Chemtech-Ford for metals analysis.

At the time of the sample, field pH, temperature, and Total Chlorine Residual will be recorded.

WET Testing Conditions:

The permit limit is an 1C25 >100% effluent. A dilution series of 100%, 75%, 50%, 25%, and 12.5%
effluent, will be performed. Dilution water is to be moderately hard dilution water (80-100 mg/L as
CaC03).

Control Sample:
The hardness of the blended effluent is approximately 400 mg/L as CaCOs. The moderately hard dilution

water (80-100 mg/L as CaCO3) commonly used to grow test organisms will be used as the control
sample. A second control sample of hardness 400 mg/L as CaCO; will be tested in addition to the
moderately hard dilution water.

Pilot Plant Conditions:

The pilot plant will be operated at the same conditions during the 5-day sampling period. Pilot plant
operating conditions will be confirmed 1-2 days before WET samples are collected. Pilot conditions are
expected to be as follows:

e Raw water: 2:1 Spiro to Judge Blend

e Settled water turbidity: Less than 2 NTU, ferric and polymer dose will vary with incoming raw
water quality as needed to meet settled water turbidity goal.

e Filter water turbidity: Less than 0.1 NTU

e Filter water chlorine residual: 0.3-0.5 mg/L as Total Residual Chlorine measured at filter effluent

e Filtration Media: Pyrolusite

e Filtration Loading Rate: 5-6 gpm/sf

e Adsorption Media: Titanium dioxide

e Adsorption Empty Bed Contact Time: 6 minutes
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Additional Sample Analysis:

On each day when WET samples are collected, a paired composite sample will be analyzed for:
e Arsenic
e Antimony
e Cadmium

e lead
e Selenium
e Thallium
e Zinc
e Hardness
o Alkalinity

e Total Dissolved Solids
e Total Residual Chlorine
e Specific Conductivity

° pH

e Ammonia

Sample bottles with the appropriate preservatives will be provided by Chemtech Ford.
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Attachment B—High Flow WET Test Results

"/:E. T. Inc.

Water & Envirom.

Sptl

Chronic Cover Letter

July 6, 2016

Park City Municipal Corporation
Atm: Iwona Goodley

1884 3 Kings Drive

Park City, Utah 84060

Dear Iwona,

Enclosed is the report for the samples dated 06/12/2016. The laboratory Id assigned (o these sample(s) were #9834
#9835, and #9837, consecutively. The sample was tested for chronic toxicity using Fathead Minnows following the
procedures listed in EPA 1000.0. This report is comprised of 12 pages which include;

Cover Letter,

Chronic Whole Effluent Toxicity Reports, Fathead Minnow,

Chronic Whole Effluent Toxicity Testing Data, Fathead Minnows,

Chronic Whole Effluent Toxicity Chemical Report,

Data Reduction Fathead Minnow (Toxis Analysis Summary, 3 pages Survival and Growth)

Reference Toxicant Charts, Fathead Minnows (2 pages Survival-LC50 and Growth-IC25)
Completed Copies of the Chain of Custodies (3).

Our reports have been designed to meet requirements of National Environmental Accreditation Program, (NELAP),
section 5.13. All these pages fogether constitute the final report, individual pages should not be removed. If copied,
the report must be reconstructed in full. If you have not received any of these pages, or if you have any questions please
give us a call at 801-763-0660. We look forward 10 doing business with you in the future.

Sincerely,

@w
Rawlings
Lab Director

QAMQC Flags: _None

Comments:

Page 1 of 13
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WE1L I

Chronic Toxicity Report

Fathead Minnows
IATE: Julv &, 2016

CUSTOMER 1D:  Park City Municipal Corporation
TEST fdnimal/dge): Fathead Minnow <24 hours SAMPLE (DareTipe): (6122016  Composite
DATETIME TEST BEGAN: 06/[13/2016  12:40 p.m. DATETIME TEST COMPLETED: 062002016 1:30 pum.
TEST CONDITIONS

Fathead Minnow larvas were exposed 1o diluted effluent following the procedures outlined in EPA 1000.0. The

solutions were renewed daily. Survival and Growth were measured at the end of the test period and statistically
evaluated against the control 1o determine if chronic toxicity was present in the semples.

Animal Age 3t Test Start <48 lours
Number of Organisms/Dilution VolumeReplicates 10 organisms 200 ml'4 replicates
Food Fed twice daily newly hatched artemia (brine shrimp)
Acration None
Drissolved Oxygen Measured daily oldmew,
Water Replacement Renewed daily.
Temperature 25 = | degree C.
Photo Period 16 hours light 8 hours dark,
pH Iniially and after 24 hours for every sample used.
Dilution Water Reconstituted lab water approx. 100 mg/L hardness.
Receiving Water None supplied.
Sample Concentrations Control, 6,25, 12.5, 25, 50, 10045
i o Hi
SUMMARY OF RESULTS Pass 'g Fail ;1';*,*',
There was NO significant effect on growth, (Results of Dunnest’s Test)
NOEC {Growth) = 100% IS NPDES permit value
LOEC (Growth) = = 1004 IC25 estimated from test = =1 00%

There wis WO significant effect of survival, (Resulis of Steel’s Many-One Rank Test)
NOEC (Survival) = 1008
LOEC (Survival) = > 1 (0%
Enclosed are data sheets and statistical reports.

Sincere

Laboratory Director

Enclosure

Page 2 of 13
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WETIHE.

Chronic Toxicity Testing

Fathead Minnow
Customer 1D: ID:  Park Clry Municipal Corporation
Final Mean Welght mg/fish: Control 0,44 6259051 12.5% 051 25% 054 S50% 0.51 100%: 050
Percent Lethality: Control 0% 6.25% 0% 12.5% g 25%25%  50% 0% 10006 2.5%
IC25 value required by NPDES permit: ICI5 estimated from the test: =] 00%
Sample Type/Date: DA/ 22016 4:00 pam, Analvses DatesTimes  Beginning 061372016 |2 411 pm.
061472016 3:30 pm, Ending 6203
DE6/2016  6:00 p.m. Initial Organism Age: <24 hours
Dilution Water/Control = EPA formula for moderately hard synthetic fresh water approximately 100 me/L hardress,
FATHEAD MINNOWS
Replicates
Number of Organisms/Percent Survival Mean Weight after 7 days
(mg/fish)
Semple A B C D A B C [ Mean
Weight

Conirol IV 1VI00%  T0V000% 1071000 | 046 042 042 045 044

625 1004 1VI00%e IOVTOD%  1OVIOE%s | 056 052 044 052 0,51

12.5 I00%  JVT00%  TV100%:  J0idde | 055 044 054 053 031

25.0 9 /%)% W100%  1WI00%  10V100% | 049 057 055 053 .54

50,0 10/100% V1M IV100% TV100Re | 053 053 046 0.54 051

100 9/%0% 10700% 000%  IWI00% | 039 052 050 059 030

Concentration (%)
Max/Min Conirol 6.25 125 25.0 0.0 Log
Dissolved Copgen 74451 754,35 T B T.55.0 ToM6 446

Temperature (°CY 2527246 35 2246 2327246 225246 2526 23246

Ph 826742  BO0T2T  TO9TI9  FIWTAS TRBUTM 203712

Dilution Water (Average) Hardness: 08 mg/l.  Alkalinity: 80 me/l. Conductivity: 404 umhos'cm

Laboratory Director: Lee Rawlings i'—abﬁrﬂm Water & Environmental Testing. Inc.

Date: '?/é’j{

ture:
Signature 7

Comments:

Page3of 13
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PV.E. T. Inc.

& Environmenial Testing Tn

D-10

July 6, 2016

CUSTOMER NAME:

Park City Municipal Corporation
Attn: Iwona Goodley

1884 3 Kings Drive

Park City, Utah B4060

SAMPLE DESCRIPTION:
Chemistries to go with Chronic Biomonitoring testing began 06/12/2016.

Chronic Whole Effluent Toxicity Chemical Result Report

Analysis

Chronic Minmow

Log #

Repl.1 Repl2 Repl 3
9834 0835 4837

Total Hardness, Recon (EPA 130.2), mg/L
Total Hardness, Effluent (EPA 130.2), mgL
Ammonia, Effluent (EPA 350.2350.3), mg/L
Initial Chiorine Residual (EPA 33005), mg/L
Final Chlorine Residual (EPA 330.5), mg/l.
Conductivity, EfMuent (EPA 1201}, umbos'cm
Alkalinity. EfMuent (EPA 310.1), mg/L CaCoy
Recon Initial pH (EPA 150.1)

After 24 hours pH (EPA 150.1)

100#% Initial pH (EPA 150.1)

100% After 24 hours pH (EPA 150.1)

108 108 108
420 JBB 420
<0.05 <005 <005
(.09 0.18 0.08
<005 <005 <005

E06& Th6 512
122 116 118
7.61 B.03 B.26

TA42 T.43 1.55
712 .37 7.31

8.03 1.73 7.65

Page 4 of 13

Revi : Les Rawlings, Léb Director
‘ater & Environmental Testing, Tne.
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Larval Fish Growth and Survival Test-7 Day Survival

Starl Date:  BM32016 1240 TestID: PCE-16cf Sample ID:

Park City 5-16 chronic fathead

End Dale: GR20/2016 13:30  Lab ID: WET Inc Sampbe Type: EFF2-industrial
Sample Date: Protocel: EFAF 94-EPA/G00/4-31/002 Test Species: FP-Fimephales promelas
Cammenis:
Conc-% 1 2 ] 4
D-Control  1.0000  1.0000 1.0000 1.0000
6.25 10000 1.0000 1.0000 91.0000
125 10000 10000 10000 1.0000
25 00000 1.0000 1.0000 1.0000
50 1.0000 1.0000 1.0000 1.0000
100 09000 1.0000 1.0000 1.0000
Transform: Arcsin Sguare Root Rank 1-Tailed
Conc-% _ Mean MN-Mean Mean  Min Max  CV% N Sum__ Critical
D-Control  1.0000 1.0000 14120 1.4120 14120 0.000 4
G.26 1.0000 1.0000 14120 14120 1.4120 0.000 4 18.00 10.00
125 10000 10000 14120 14120 14120 0.000 4 1800 10,00
25 09750 08750 13713 12480 14120 5,042 d 16,00 10,00
50 1.0000 10000 14120 14120 14120 0.000 L] 18.00 10,00
100 09750 09750 13713 12480 414120 5.042 4 16.00 10,080
Auxiliary Tests — Statistic Critical Skew  Kurt
Shapire-Wilk's Test indicates nan-normal distribution (p <= 0.05) 061382 [TE=1T) -2.1358 5.27708
Equality of vanance cannot be confirmed
Hypothesis Test {1-tail, 0.05)  NOEC LOEGC _ ChV TU
Stesl's Many-Ona Rank Test 100 =100 1
Trealments va D-Control
Dose-Response Plot
1 - * — - —3
- ]
0g 3 4
08
_ 07
- IY%
: 08
@ 05 3
Iy
& 043
"o3]
023
013
03 . ; .
B 5 - | a 8
3 ‘ i )
fa]
Page 1 TaxCale v5.0.32 Reviewed by: %
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Larval Fish Growth and Survival 1est-7 Day Growth
Start Date:  G/13/2016 1240 TeslID: PCE-18c Sample 1D Park City 6-16 chronic fathead

End Date: 62072016 13:30  LabID: WET Inc Sample Type: EFF2-industrial
Sample Data: Protecal: EPAF 84-EPAMGO04-81/002 Test Species: PP-Fimephales promelas
Comments:

Caone-% 1 2 3 4

D-Controd 04500 04770 04150 0.4540
625 05640 05100 04420 05240
126 05520 04430 05350 0.5270

25 04850 05700 05830 0.5250
&0 05250 05300 04620 05380
100 03850 05220 04950 0.5940

Transform: Untransformad 1-Talled Isotonic
Conc%  Mean N-Mean Mean  Min Max  CV% ] t-Stat _ Critical MSD  Mean  N-Mean
D-Control 04365 10000 04388 04150 04600 5455 4 06024 1.0000
825 05122 11735 056122 04420 0.5640 B.as5z 4 -2088 2410 00874 05024 1.0000
125 05143 11781 06143 04430 05520 9457 4 -2.144 2410 00874 05024 1.0000
25 06358 132274 06388 04850 05700 2 7.314 4 273 2410 0.0874 05024 1.0000
50 05132 11758 05132 04620 05380 6.714 4 2117 2410 00874 05024  1.0000
100 04890 11432 04850 03850 05940 17381 4 1724 2410 00874 04990 05032
Auxiliary Tests Statistic Critical Shew  RWurt _
Shapino-Wik's Test indicates narmal distrioution (p = 0.05) 0.8%271 0918 08817 0.52269
Bartlett's Test indicatas aqual vardances SE = 0.40) 5.13428 15.0883
Hypothesis Test (1-tail, 0.05) EC_LOEC  Chv TU M3Du M50p MSB  MSE_ F-Prob  af
Dunnetrs Test 100 >100 1 008738 020015 000456 000262 0.16081 5, 18

Treatments vs D-Control

Linear Imterpolation (200 Resamples)

Point il S0 95% CL{Exp)  Skew
105 =100
IC10 =100
IG15 =100 0
1C20 =100 0.9 4
128 =100 oa]
1C40 =100 07 ]
ICE0 =100 06 ]
05 ]
E 04
0.3
é 0z
0.1
LI Y )
01 i
P PP
N | 3 S - .
L#] 50 100 150
Dose %
Page 1 ToxCale v&.0.32 Reviewed by,__ L
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Larval Fish Growth and Survival Test-T Day Growth

Start Date: BAY2016 12:40 TestID: POB-1Bef Sample 1D: Park City 6-16 chronic fathead
End Date: 62002016 13:30  Lab ID:  WET Inc Sample Type: EFF2-Industrial
garnnlt Date: Pretecol: EPAF 94-EPAMO0/4-91/002 Tas! Specles: PP-Pimephales promelas
ormimenis:
Dose-Response Plot
o7
0.6 4 4
051 /,f_lf._/—f—\,f_“n
i
E{M T
] v eooo o] 13, D05 level
gﬂ'-j 1 of signiﬁcanca
(=3
0.2 ]
o ]
o ¥ T T
E 151 [=]
g L] o . - g
(=]
Page 2 ToxCalc w5032 Reviewed by; ‘f
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Reference Toxicant Control Chart
Chronic Fathead Minnow LC50
June 2016
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Reference Toxicant Control Chart
Chronic Fathead Minnow IC25
June 2016
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WET T: Inc.

g fuc. 235 West 400 South, American Fo 03 (ROT) 763-0660 Fax(801) 763-0440

Chronic Cover Letter

August 18, 2016

Park City Municipal Corporation
Attn: Iwona Goodley

1884 3 Kings Drive

Park City, Utah 84060

Dear Iwona,

Enclosed is the report for the sample dated 06/12/2016. The laboratory Id assigned to these sample(s) are #9834,
#9835, and #9837, consecutively. The sample was tested for chronic toxicity using Ceriodaphnia dubia following
the procedures listed in EPA 1002.0. This report is comprised of 11 pages which include;

Cover Letter,

Chronic Whole Effluent Toxicity Reports Data Ceriodaphnia dubia,

Chronic Whole Effluent Toxicity Testing Data Ceniodaphnia dubia,

Chronic Whole Effluent Toxicity Chemical Report,

Data Reduction Ceriodaphnia dubia (Toxis Analysis Summary, 2 pages survival and growth)
Reference Toxicant Charts, Ceriodaphnia dubia (2 pages Survival-LC50 and Growth-1C25)
Completed Copies of the Chain of Custodies (3).

The work represented here along with the report format have been designed to meet requirements of National
Environmental Accreditation Program, (NELAP), section 5.13. All these pages tegether constitute the final
report, individual pages should not be removed. If copied, the report must be reconstructed in full. If vou have
not received any of these pages, or if you have any questions please give us a call at 801-763-0660. We look
forward to doing business with you in the future.

Sincerely,

Lee Rawlings

Lab Director

QA/QC Flags: _Yes Quality Control Failure. Control did not meeting the minimum reproduction requirement
of 15 young/adult. The test will need to be repeated.

Comments:

Page | of 11
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Environmental Testing Inc. 235 Wes

Water &
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Chronic Whole Effluent Toxicity Report

Ceriodaphnia

PERMITTEE NAME: Park Ciry Municipal Corporation
TEST (AnimaliAge): Ceriodaphnia dubia <8 hours

DATETIME TEST BEGAN: 06/13/2016 6:15 pm.

DATE: August 18, 2016

SAMPLE (Date/Type): 06122016 Composits

TEST CONDITIONS

Ceriodaphnia dubia neonates were exposed to diluted effluent as specified by EPA 1002.0. At the end of the
test period Survival and Reproduction were measured and compared statistically against a control to determing

iff Chronic Toxicity was present in the samples,

Animal Age at Test Start

Number of Organisms/Dilution Volume/Replicates
Food

Aeration

Drissolved Oxygen
Water Replacement
Temperature

Photo Period

pH

Dvilution Water
Receiving Water
Sample Concentrations

<% hours.

| organism'15 ml/10 replicates.

Fed daily 0.1 ml YTC and Algae.

Mone required.

Measured daily oldnew.

Renewed daily.

25 + 1 degres C,

16 hours light 8 hours dark.

Measured initially and at 24 hours for each sample.
Reconstituted lab water approx 100 me/L hardness.
None Received

Control, 625, 12.5, 25, 50, 100%

SUMMARY

Results: Pass Fail

There was NO significant effect on reproduction. (Results of Dunnett’s T Test)

NOEC (Reproduction) = QC failure

LOEC (Reproduction) = QT failure

1C25 required by NPDES permit =

TC25 estimated from test data = QC Failure

There was WO significant effect on survival. (Fisher’s Exact Test)

WOEC (Survival) = 100
LOEC (Survival) = =100

Enclosed are data sheets and statistical reports.

ee Rawlings
Lab Director
Enclosure

Page 2 of 11
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WE. T. Inc.

Water & Environment, Hest 40 South, American Fork, Utal 84003 (801} 763-06640 Fac(801 ) 763-0440

Chronic Toxicity Testing
Ceriodaphnia

Customer [D: Park City Municipal Corporation
Mean No. Produced: Control 4.4 6.23% 169 12.5% 140 23% 126 50% 169  100% 9.4 Pass __ Fail

Percent Lethality: Confrol 0% 6.23% 0% 125% 0% 25%0% 50% |0% 100 20% Pass X Fail __

Sample Type/Date: 06/ 122006 4:00 p.m. Analyses Dates/Times  Beginning 06132016 6:15 p.m.
061422006 350 pm Ending 06212006 3:07 p.m.
16/ m. Organism Type/Age: Ceriodaphnia dubia <8 hours

Dilution Water/Control: EPA formula for moderately hard synthetic frersh water approximately 100 mg/L hardness.

CERIODAPHNIA
Total Mumber of Young Produced in Three Broods ("D = dead)

Replicates
Sample A B c D B F G H 1 1 Mean # Produced
Control 15 13 I a 4 0 5 4 2 4.4
625 12 z 27 ] ] 2 10 28 3l 29 16.9
12.5 27 17 14 19 13 0 9 16 11 14 14.0
250 13 4 12 5 13 4 12 22 11 30 12.6
50.0 17 13 18 18 23 22 9D 13 30 7 16.9
100 23 0 17 3 K oD D 17 19 7 9.4
Concentration (mg/L}

Max/Min Control 6.25 12.5 250 50.0 100

Dissolved Oxygen T.6/6.7 7.8/6.8 7868 7.7/6.8 8.1/6.8 £.6/6.8

Temperature (*C) 2520246 252246 252246 252246 2521246 2527246

pH B.50/7.98  BA8T.86  BA6TO3 8467356  B45746 841719

Dilution Water (Average) Hardness: |08 mg/l.  Alkalinity: 80 ma/l.  Conductivity: 374 umhos/cm

Laboratory Director: Lee Rawlings Laboratory: dirpnmental Testing, lne
Signature: M Date: S-‘/ .-"':E;//‘E
Comments:
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APPENDIX D — WET TESTING RESULTS

WE T Inc.

& Environmental Testing 1 1.5 West 400 South, American Fork, Utah 84003 (801) 763-0660 Fax(801) 763-0440

Chronic Whole Effluent Toxicity Chemical Result Report

August 18, 2016

CUSTOMER NAME:

Park City Municipal Corporation
Atm: Iwona Goodley

1884 3 Kings Drive

Park City, Utah 84060

SAMPLE DESCRIPTION:
Chemistries to go with Chronic Biomenitoring sampling began 06/12/2016
Analysis Chronie Ceriodaphnia
Repl.1  Repl2 Repl.3
Log # 9834 9833 9537
Total Hardness, Recon (EPA 130.2), mg/L 108 108 108
Total Hardness, Effluent (EPA 130.2), mg/L 420 -+ 420
Ammonia, Efftuent (EPA 350.2/350.3), mg/L <103 <1).03 <0.05
Initial Chlorine Residual (EPA 330.5), me/L 009 18 0,08
Final Chlorine Residual (EFA 330.5), mg/L. <005 D05 <0.05
Conductivity, Effluent (EPA 120,1), umhosiem Bié 766 812
Alkalinity, Effluent (EPA 310.1), mg/L CaCO’ 122 116 118
Recon Initial pH (EPA 150.1) 826 8.26 5.1%
After 24 hours pH (EPA 150.1) 825 §.24 £.29
100% Initial pH (EPA 150.1) 738 T.19 7.14
100% After 24 hours pH (EPA 150 8.32 8.36 8.38

Mﬁl
%Iewed: Lee Rawlings, Lab Director
Water & Environmental Testing, Inc.
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Cericdaphnia Survival and Repreduction Test-T Day Survival

Start Date: 81302016 18:15 Test ID: PCME-16cc Sample ID: Park City Mun 8-18 chronic cero
End Date: B/21/2016 15:07  LabID: WET Inc Sample Type: EFF2-Industrial
Sample Date: Frotocol: EPAF 04-EPAGD0M-91/002 Test Species: CO-Cerodaphnia dubia
Comments:
Conc-% 1 2 3 4 5 8 7 ] 9 10
D-Control  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 10000 1.0000 10000 1.0000
825 10000 40000 9.0000 1.0000 1.0000 1.0000 10000 1.0000 1.0000 1.0000
125 1.0000 10000 1.0000 1.0000 1.0000 10000 1.0000 1.0000 1.0000 1.0000
25 1.0000 1.0000 .1.0000 1.0000 1.0000 1.0000 106000 1.0000 1.0000 1.0000
50 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 00000 91.0000 4.0000 1.0000
100 1.0000 1.0000 1.0000 10000 1.0000 O©O00C 00000 1.0000 1.0000 1.0000
Mot Fishers 1-Talled
Conc-% Mean  MN-Mean Resp Resp Total N Exact P Critical
D-Control  1.0000  1.0000 ] i0 10 10
B25 1.0000 1.0000 1] 10 10 10 1.0000  0.0500
126 1.0000 1.0000 0 10 10 10 1.0000 0.0500
25 1.0000 10000 1] 10 10 10 1.0000  0.0500
50 0.9000 0.9000 1 2] 10 10 0.5000 0.0500
100 0.8000 0.8000 2 a 10 10 0.2368 0.0500
Hypothesis Test (1-tail, 0.05) NOEC LOEC  ChvV TU
Fizher's Exact Test 100 =100 1
Treatments vs D-Control _ =
Dose-Response Plot
1 2 ® “
ng -] \
i
0.8 1 ]
_ oy
Eng
s 08
@ 05
Foa
™03
0.2 ]
0. ]
0] - - - -
- (=]
: 8 : :
o
o
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APPENDIX D — WET TESTING RESULTS

Ceriodaphnia Survival and ﬁnprﬂdunﬁnﬂ Tm-ﬁepmduc‘thn

Start Date:  BM3/2016 18:15 Test ID: PCMS-16cc Sample ID: Park City Mun B-16 chronic cero
End Date: BI2172016 1507 LablID: WET Inc Sample Type: EFF2-Industrial
Sample Date: Protocol: EPAF 94-EPAGOOM-21/002 Test Species: CD-Ceriadaphnia dubia
Comments:
Conc-% 1 2 3 4 5 ] T B8 9 10
D-Control 15000 13000 1000 0000 0000 4000 0.000 5000 4000 2.000
625 12000 2000 27000 QD000 B000 22000 10000 28.000 31.000 29.000
125 27000 17000 14.000 19.000 13000 0000 9000 15000 11.000 14000
25 13000 4000 12000 5000 13.000 4000 12000 22000 11.000 30.000
50 17.000 13000 18000 18000 23000 22000 6000 12000 30000 7.000
100 23.000 0000 17.000 3000 0000 0000 8.000 17.000 18.000 7.000
Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max [ M t-Stat  Critical MSD Mean  N-Mean
D-Contrel 4400 10000 44000 00000 150000 122718 10 12,9680 1.0000
625 168900 38400 169000 0.0000 31.0000 B9.571 10 -3.377 2287 B.4638 12980 1.0000
125 14.000 31818 14.0000 0.0000 27.0000 40820 10 -2504 2287 84838 12980 1.0000
25 12800 28835 128000 4.0000 300000 B4823 10 2215 2287 B4638 12,9680 1.0000
50 18.900 3.83409 189000 7T.0000 300000 41.227 10 3377 2287 B4638 12980 1.0000
100 9400 21364 94000 00000 23.0000 S4.249 10 -1.351 2287 B4638 9400 07253
Auxiliary Tests Statistic Critical Skew Kurt_
Kolmogorov D Test indicates normal distribution (p = 0.05) 087418 0.895 016087 -0.5376
Barilett's Test indicates equal variances (p = 0.28) 6.21132 15,0863

Hypothesis Test [1-tail, 0.05) NOEC LOEC  Ch¥ TU MSDu MSDp  MSE MSE __ F-Prob df

Dunnefl's Test 100 >100 1 848376 1.92358 232187 685 00088 &5 54
Treatments vs D-Control
Linear Interpolation {200 Resamples)
Point % 5D 95% CL Skew
IC05 59.101
IC10 58,202
IC15 77.303 ;
G20 B6.404 ]
G256 95,506 :
ic40 =100 : —
IC50 =100 ¥
i N
ELE!
5‘ £ 50 o 140
ey 3
Dose %
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APPENDIX D — WET TESTING RESULTS

Ceriodaphnia Survival and ﬁapmducunn Test-Reproduction
Start Date: 8132016 18:15  TestID: PCMB-18cc Sample 10 Park City Mun 8-16 chranic caro

End Date; B/21/2016 15:07 LabID: WET Inc Sample Type: EFF2-Industrizl
Protocol: EPAF 94-EPABONA-S1/002 Test Species: CD-Ceriodaphnia dubia

Sample Date:
Comments:
Dose-Response Plot
i5
5
: -
&
g 20
E. s ‘\-\_‘
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g & o & @ |
g ) ) i
a
Page 2 ToxCalc v5.0.32 Reviewed by e

CH2M HILL ENGINEERS, INC



APPENDIX D — WET TESTING RESULTS

Reference Toxicant Control Chart

Chronic Ceriodaphnia LC50
July 2016
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5l Nall

Reference Toxicant Control Chart
Chronic Ceriodaphnia IC25
July 2016
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APPENDIX D — WET TESTING RESULTS

Attachment C—High Flow WET Test Repeat for Ceriodaphnia
dubia Results

WE. T'. Inc.

Warer & Environmental Testing fic. 235 West el Sonrtly, American J'*b.r.i'l Litah 84003 [MJ'! ThI-H660 Fax{Bl) T63-0440

Chronic Cover Letter

July &, 2016

Park City Municipal Corporation
Artn: I'wona Goodley

1884 3 Kings Drive

Park City, Utah 84060

Dear Iwona,

Enclosed is the report for the sample dated 06/26/2016. The laboratory Id assigned to these sample(s) are #9842,
#0845, and #9847, consecutively. The sample was tested for chronic toxicity using Ceriodaphnia dubia following
the procedures listed in EPA 1002.0. This report is comprised of 11 pages which include;

Cowver Letter,

Chronic Whole Effluent Toxicity Reports Data Ceriodaphnia dubia,

Chronic Whole Effluent Toxicity Testing Data Ceriodaphnia dubia,

Chronic Whole Effluent Toxicity Chemical Report,

Data Reduction Cerodaphnia dubia (Toxis Analvsis Summary, 2 pages survival and growth)
Reference Toxicant Charts, Ceriedaphnia dubia (2 pages Survival-LC50 and Growth-1C25)
Completed Copies of the Chain of Custodies (3).

The work represented here along with the report format have been designed to meet requirements of National
Environmental Accreditation Program, (NELAP), section 5.13. All these pages fogether constitute the final
report, individual pages should not be removed. If copied, the report must be reconstructed in full. If vou have
nol received any of these pages, or if you have any questions please give us a call at 801-763-0660. We look
forward to doing business with you in the future.

Sincerely,
[ ey
e Rawlings /
Lab Director

OQA/QC Flags: _Mone

Comments:

Page 1 of 11
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APPENDIX D — WET TESTING RESULTS

W.E.T. mc.

B ) FOI-B660 Facf301)763-040

Chronic Whole Effluent Toxicity Report
Ceriodaphnia

DATE: July 6. 2016
PERMITTEE NAME: Park City Mumicipal Corporation
TEST (Animal/Age): Ceriodaphnia dubia <3 hours SAMPLE (Date'Tvpe): 06262016 Composife

DATETIME TEST BEGAN: 0672672016 9:15 p.m, DATETIME TEST COMPLETED: 07052006 3:45 pm.

TEST CONDITIONS

Ceriedaphnia dubia neonates were exposed to diluted offluent ds specified by EPA 1002.0. At the end of the
test perind Survival and Reproduction were measured and comparad statistically against a contral to determine

if Chronic Toxicity was present in the samples.

Animal Age at Test Start <% hours,
Number of Organisms/Dilutdon Volume/Replicares 1 organizm/15 ml/10 replicates.
Food Fed daily 0.1 mi YTC and Algac.
Aeration None requiresd,
Dissalved Oxypen Mensured daily old'new.
Water Replacement Renewed daily.
Temperature 25 + 1 degres C.
Photo Period 16 hours light & hours dark,
pH Peasured initially and at 24 hours for each sample.
Dilution Water Reconstituted lab water approx 100 mg/L hardness.
Receiving Water Mone Received
Sample Concentrations Contrpl, .25, 12.5. 23, 50, 10074
SUMMARY
Hesults: X Pass Fail

There was NO significant effect on reproduction, (Resuls of Steel’s Many-One Rank Test)
MOEC (Reproduction) = 100 1025 reguired by NPDES permit =
LOEC {Reproduction) = =100 1C25 estimated from test data = =100%
There was WO significant effect on survival. (Fisher's Exact Test)
NOEC {Survival) = 100
LOEC {Survival) = = 1(4)
Enclosed are data sheets and statistical reports,
Sincprely ‘
Lak Chirector
Enclosure

Page2of |1
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WE T Inc.

Warer & Environmental Testing Inc. 235 West 400 Sourh, Ams ¥ 3 8 (7 wx( B0} 7i3- 0440

Chronic Tumclty Te*ztmg
Ceriodaphnia

Customer ID: Park City Municipal Corporation
Mean No. Produced: Conmol 319 625% 336 12.5% 304 25% 345 50%359  100%333  Pass X Fail _

Percent Lethality: Control 10% 625% 0% 12.5% 10% 25%20% 50%0%  100% 0%  Pass X Fail __

Sample Type/Date: 06262006 4:15 pm. Analyses Dates/Times  Beginning 06272016 9%:15 pam.
06282006 1:00 p.m, Ending 07052006 3:45 pm
06302006 2:30 p.m. Organism Tvpe/Age: Ceriodaphnia dubig <8 hours

Dilution Water/Contral: EPA formula for moderately hard synthetic frersh water approximately 100 me/L. hardness.

CERIODAPHMIA
Total Number of Young Prodoced in Three Broods ("D"' = dead)

Replicates
Sample A B C D E F G H I ] Mean # Produced
Control 41 i 38 36 20D 30 44 43 33 34 3.9
6,25 iE 41 3] 34 34 36 43 43 21 35 35.6
12.5 i5 36 35 L] 36 35 ] 34 33 26 34
25.0 31 3% kL 9 38 ol 33 39 35 k¥ 34.5
0.0 35 41 33 a7 39 23 41 i3 34 39 359
100 34 37 23 36 20 29 41 40 335 38 333
Concentration {mg/L)
Max/Min Control 6.25 125 250 0.0 1400
Dissolved Oxypen T.5/6.8 7867 1.76.8 B0/68 B 467 2667

Temperature (*C) 252242 2522432 252242 2527242 2520432 254242

pH B.51/8.13 B.47/8.01 846783  B43T.6F  B.447.43 8.42/7.26

Dilution Water (Average) Hardness: 108 me/l. Alkalinity: E0 me/lL  Condwctivity: 374 umbos/cm

Laboratory Director: Lee Rawlings Laboratory: Water & Environmental Testing, Inc

i /’%"”’ﬁ’* ouie 7,/6./1t

Comments:
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WE. T. Inc.

Water & Environmental Testing [ J West 4 American Fork, Utah $4003 (801) 7T63-0660 Fax(801) T63-0440

Chronic Whole Effluent Toxicity Chemical Result Report

July 6, 2016

CUSTOMER NAME:

Park City Municipal Corporation
Artn: ['wona Goodley

1884 3 Kings Drive

Park City, Utah 84060

SAMPLE DESCRIPTION:
Chemistries to go with Chronic Biumurnimrin_g:samgliuﬁ began 06/26/2016

Analysis Chronic Ceriodaphnia
Repl. 1 Repl.2  Repl. 3
Log # 0R42 0845 9847
Total Hardness, Recon (EPA 130.2), mg/L 108 108 108
Total Hardness, Effleent (EPA 130.2), mg/L 368 380 408
Ammonia, Effluent (EPA 350.2/350.3), mgL <0.05 <005 <1.05
Initial Chlorine Residual (EPA 330.5), mg/L 0.16 0.10 0.30
Final Chlcrine Residual (EPA 330.5), mg/L (.03 <105 =105
Conductivity, Effluent (EPA 120.1), umhos/cm T45 767 776
Alkalinity, Effluent (EPA 310.1), mg/L CaCO’ 114 118 118
Recon Initial pH (EPA 130.1) 827 B.32 851
After 24 hours pH (EPA 150.1) 818 BAT 849
10074 Initial pH {EPA 150.1) 7.26 7.35 7.51
100% After 24 hours pH (EPA 150 833 B.AD 836

Y WA

Reviéded: Lee Rawlings, Lab Director
ater & Environmental Testing, Inc.

Page 4 of 11

CH2M HILL ENGINEERS, INC D-31



APPENDIX D — WET TESTING RESULTS

Ceriodaphnia Survival and ﬁlprn:lucunn Test-T Day Survival

Sian Date:  G/27/2016 2115 TestiD: PLMGE-16 Sample ID: Park Gity MC 8-16 chronic cero
End Dats:  7/5/2016 1545  LabID: WETinc Sampla Typa: EFF2-Industrizl
Sample Date: Protocol: EPAF 94-EPAGO0/4-51/002 Test Species: CD-Cerodaphnia dubia
Comments: _
Conc-% 1 2 3 4 5 & Fi B ] 10
D-Contrel  1.0000 10000 1.0000 1.0000 0.0000 1.0000 1.0000 1.0000 1.0000 1.0000
625 10000 1.0000 1.0000 10000 1.0000 10000 1.0000 1.0000 1.0000 1.0000
125 1.0000 10000 10000 00000 41.0000 +4.0000 1.0000 40000 1.0000 1.0000
Z5  1.0000 10000 1.0000 10000 1.0000 1.0000 1.0030 1.0000 1.0000 1.0000
50 10000 10000 10000 410000 10000 1.0000 10000 10000 1.0000 1.0000
100 1.0000 10000 10000 10000 10000 40003 1.0000 1.0000 1.0000 1.0000
Not Fisher's 1-Tailed
Conc-% Mean N-Mean Resp Resp Total N Exact P Critical
D-Control  0.9000 1.0000 1 ] 10 10
625 1.0000 1.1111 ] 10 10 10 0.5000  0.0500
125 0.9000 1.0000 1 8 10 10 0.7632 0.0500
25 10300 1111 ] 10 10 10 0.5000  Q.0500
50 1.0000 1.1111 1] i0 10 10 0.5000 0.C500
100 1.0000 11111 [u] 10 10 10 0.5000 0.0500
Hypothesis Test {1-tail, 0.05) NOEC LOEC  Chv TU
Fisher's Exact Test 100 =100 1
Tregtments vs D-Control
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Ceriodaphnia Survival and Reproduction Test-Reproduction

Start Dale:  G/27/201621.15  TestID; PCMGG-16 Sampie 1D: Park City MC 6-16 chronic cero
End Date: TIB2016 1545 Lab ID: WET inc Sample Type: EFF2-Industrial
Sample Date: Protocol: EPAF 84-EPASDIG-91/002 Test Species: CD=Cericdaphnia dubia
Comments:
Conc-% 1 2 3 4 5 B 7 ] 9 10
D-Control 41000 0000 3R000 35000 20000 30000 44000 43000 33.000 34000
G.25 38000 41000 31.000 34000 34000 36000 435000 43000 21.000 35000
125 35000 36.000 35.000 0.000 36000 35000 35000 34000 32000 28000
25 31.000 38.000 38000 29000 38000 27000 33000 39000 35000 37.000
50 35000 41.000 33000 37000 38000 27000 41000 33.000 34000 39.000
100 34000 37000 23000 36000 20000 25000 491000 40000 35000 32000
Transform: Untransformed Rank 1-Tailed Isotonic
Conc-% Mean  MN-Mean Maan Min Max CV M Sum  Critical Mean  N-Mean
D-Contral 31900 1.0000 31.800 0,000 44000 41.468 10 33750  1.0000
625 35600 11180 35600 21000 43000 18358 10 11050 75.00 33.760 1.0000
126 30400 00530 30400 0000 35000 235472 10 85.00  T7H.0D 33600 00956
25 34500 10815 34500 27000 39000 412382 10 103.00  75.00 33600 06956
50 35800 11254 35200 27000 41000 12208 10 10B.50  75.00 33800 0.5856
100 33300 1.0438 33300 20000 41000 21284 10 10260  75.00 33300 09887
Auiliary Tests Statistic “Critical Skew  Kurt
Kolmogeorov D Test indicates non-normal distribution {p <= 0.05) 1.23245 0.885 -2.0814 585672
Bartlett's Test indicates unequal variances (p = 2 80E-03 18.1214 150863
Hypothesis Test (1-tail, 0.05) NOEC LOEC Ch¥
Steels Many-One Rank Test 100 =100 1
Treatments vs D-Control _
Limear Imterpalation (200 Resamples)
Point % 5D 85% CL Skew
[ =100
Ic10 =104
IC15 =100 1.0
1C20 =100 0o .:
IC25 =100 0 1
G40 =100 Lo
IC50 =100 e
0.6
g 0.5 ]
B 0.4 ]
0.3
027
0.1 4
0.0 nﬂ—-o—-t——-t
TP Dl
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Ceriodaphnia Survival and Reproduction Test-Reproduction

Start Date:  Bl27/2016 21:16  TestID. PCMGB-16 Sample 1D Park City MC 8-18 chronic cero
End Date: TI52016 1545  LabID: WETinc Sample Typa: EFFZ2-Industrial

Sample Date: Protocol: EFAF B4-EPAGDNM-81/002 Test Species: CD-Ceriodaphnia dubia
Commaents:

Dose-Response Plot
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Ceriodaphnia Survival and Reproduction Test-Reproduction

Start Date: BI272016 2115  TestID: PCMCE-18 Sample 1D Park City M 6-16 chronic cero
End Date: TIB2018 15:45 Lab ID: WET inc Sample Type: EFF2-Industrigl
Sample Date: Protocol: EPAF 54-EPAMSONE-91/002 Test Species: CD-Cerodaphnia dubia
Comments:

Cong-% 1 2 3 4 5 6 T 8 £ 10

D-Control 41000 0000 38000 35000 20000 30000 44000 43000 33.000 34000
6.25 38.000 41.000 31.000 34000 34000 36.000 43000 43000 21.000 35.000

125 35000 35000 35000 0.000 36000 235000 35000 34000 32000 25.000

25 3000 36000 38.000 29000 38.000 27.000 33000 39.000 35000 37.000

50 35000 41.000 33.000 37.000 39,000 27.000 41.000 33000 234000 39,000

100 34000 37.000 23000 35000 20000 29.000 41.000 40000 35000 38000

Transform: Untransformed 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat  Critical MSD
D-Contred 31800 1.0000 31.8900 0000 44000 41468 10

B.25 35600 14180 35600 21000 43000 18358 10 04879 2287 8841
126 20400 008530 30400 0000 35000 36472 10 0397 2287 8384
25 34500 1.0815 34500 27000 39.000 12392 10 -0.688 2.287 8.541
50 35000 11254 35000 27.000 41000 12200 10 -1.050 2287 B.641
100 332300 10439 33300 20000 41.000 21.284 10 -0.370 2.287 B.541
Auxiliary Tests Statistic Critical Skew Kurt
Knlmngnrm D Tes! Indicates non-normal distribution (p == 0.05) 1.23245 0.895 -2.0814 585672
Bartielt’s Test indicates unequal varances (p = 2. 80E-03) _ 1812148 ”\ 15.0863
Hypothesis Test {1-tall, 0.05) NOEC LODEC ChV TU MSDu | HBtlp \ MSE MSE  F-Prob df
Dunnett's Test 100 =100 1 B.64061 '~D.2?DE? | 4684 713826 066025 5 54
Treatments ws D-Caontrod SN

Dose-Response Plot
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Reference Toxicant Control Chart
Chronic Ceriodaphnia IC25
June 2016
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Attachment D — Low Flow WET Test Results

PV.E. . Im:.

Chronic Cover Letter

October 25, 2016

Park City Municipal Corporation
Attn: Twona Goodley

1884 3 Kings Drive

Park City, Utah 84060

Dear I'wona,

Enclosed is the report for the samples dated 10009/2016. The laboratory 1D assigned to these sample(s) were #9926
#9028 and #9933, consecutively. The sample was tested for chronic toxicity using Fathead Minnows and
Certodaphnia dubia following the procedures listed in EPA 1000.0 and 1002.0 respectively, Thisreport is comprised
of 19 pages which include;

Cover Letter,

Chronic Whole Effluent Toxicity Reports, Fathead Minnow,

Chronic Whole Effluent Toxicity Testing Data, Fathcad Minnows,

Chronic Whole Effluent Toxicity Reports, Ceriodaphnia dubia

Chronic Whole Effluent Toxicity Testing Data, Ceriodaphnia dubia

Chronic Whole Effluent Toxicity Chemical Report,

Data Reduction Fathead Minnow {Toxis Analysis Summary, 3 pages Survival and Growth)

Data Reduction Ceriodaphnia dubia (Toxis Analysis Summary, 3 pages Survival and Reproduction)
Reference Toxicant Charts, Fathead Minnows (2 pages Survival-LC50 and Growth-IC25)
Reference Toxicant Charts, Ceriodaphnia dubia (2 pages Survival-LC50 and Reproduction-[C23)
Completed Copies of the Chain of Custodies (3).

Our reports have been designed 1o meet requirements of National Environmental Acereditation Program, (NELAP),
section 5.13. All these pages fogether constitute the final report, individual pages should not be removed. If copied,
the report must be reconstructed in full, If vou have not received any of these pages, or if vou have any questions please
give us a call at B01-763-0660. We look forward to doing business with vou in the future.

Lab Director

QAQC Flags: _Nope

Comments;
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APPENDIX D — WET TESTING RESULTS

WE- T. Inc.

Water & Environmental Tesiing [nc,

Chronic Toxicity Report

Fathead Minnows
DATE: October 25, 2016
CUSTOMER ID: Park Ciry Municipal Corporation NPDES ID:
TEST (Animal/dge): Fathead Minnow <24 hours SAMPLE (DareTypes: 10H092016 Composite
DATETIME TEST BEGAN: 1V1002016  2:00 p.m. DATETIME TEST COMPLETED: V172016 (1225 pm.

TEST CONDITIONS

Fathead Minnow karvae were exposed to diluted effluent following the procedures outlined in EPA 1000.0. The
solutions were renewed daily. Survival and Growth were measured at the end of the test period and statistcally
evaluated against the control to determine if chronic Loxicity was present in the samples,

Animal Age at Test Start <48 hours
Number of Organisms/Dilution YolumeReplicates 10 arganisms/200 ml'4 replicates
Food Fed twice daily newly hatched aremia (brine shrimp)
Acration Nome
Dissolved Oxygen Measured daily old/'new.
Water Replacement Renewed daily.
Temperaiure 25 1 1 degrea C.
Photo Period 16 howes lighs & hours dark.
pH Inirially and afier 24 hours for every sample used.
Dilution Waler Rsconstinated lab warter appron. 180 mg/L hardness.
Receiving Water None supplied.
Sample Concentrations Control, 6.25, 12.5_ 25, 50. 10
SUMMARY OF RESULTS ~ Pass X Fail
There was NO significant effect on growth. (Results of Dunnett’s Test)
NOEC = 10 125 WPDES permit value:
LOEC ==100% 1C25 estimated from test = = 100%

There was NO significant effect of survival. (Results of Steel’s Many-One Rank Test)
NOEC = 1 0¥
LOEC ==100%

Enclosed are data sheets and statistical reports.

oot

cee Rawlings
Laboratory Director
Enclosure

Page 2 of 18
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H/.E. T'. Inq

Chronic Toxicity Testing
Fathead Minnow

Customer 1D: Park Citv Municipal Corporation

Final Mean Weight mg/ifish: Comral 0532 625% 037 12.5% 052 23% 058 S00% G065 100% G462 Pass X Fail _

Percent Lethality: Control 10% 6.25%:5% 12.5%20% 25%2.5% S00P0% 100%2.5% Pass X Fail

125 value required by NPDES permif:_ % IC25 estimated from the test: =100%

Sample Tvpe/Date: 0092016 300 pm, Analyses DatesTimes  Beginning 1071002016 100 p.m.
10/11/2016 3:15pm. Ending 1061772016 1:35 pm.
A3 2006 300 pm, Initlal Ovganism Age: =24 hours

Dilution Water/Control: EPA formulation for Hard Synthetic Fresh Water a ximutely 180 'L hardness.

FATHEAD MINNCOWS

Replicates
Number of Organisms/Percent Survival Mean Weight after 7 days
(mg/fish)

Sample A B C D A B C D Mean

Weight
Cantril B/B0% 99 9% 110 | 041 035 050 061 0.52
6.25 /0% L0 100 10/100%% 101 | B4l 06 062 058 0.57
[2.5 TT0% 880% 704G 1100 | 049 051 049  0.60 032
250 1001 00%4 0 100 Q0% i0 1o | 061 060 033 056 (.58
5000 IL00%  10100% 1000 LOAIGERs | 3B Q66 086 (62 (.63
100 QR0 10 100% 10 100%% 10410086 | 0.59 G61 063 065 .62

Concentration (%)
Max/in Control 6.25 12.5 250 0.0 10D

Dissolved Oiygen T.7/5.3 Th4S Th44 7540 8.0:5.8 8,346
Temperature {"C}) 250/23.F 2504238 250238 250238 250038 250238

Ph 5.56/8.100  B31705 8200787 RAOSTTI 10T 36 TRAT00

Dilution Water {Average) Hardness: 176 me'l.  Alkalimity: 128 mg/l.  Conductivity: 389 umbos/'cm
Laboratory Director: Lee Rawlin Labaratory: Water & Environmental Testing, Inc.

Signature: /.y%f’ W{?“i}ﬁ? Date: "’WA"///&

Commenis:
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"/:E.. T- !c.

ax(801) T63-D4400

Chronic Toxicity Report
Ceriodaphnia
Date: October 23, 2018
CUSTOMER ID: Park City Municipal Corporation

TEST jdmimalidges: Cerivdaphnia <8 hours SAMPLE (DhveTypel: 10A092016  Composite

DATETIME TEST BEGAN: [0/I0/2016 2:20 pom,

ONDITIONS

Ceriodaphniz neonates were exposed to the dilwed efluent following procedures from EPA 0020, The
solutions were renewed daily. Survival and reproduction were measured at the end of the test period and

DATETIME TEST COMPLETED: 10V16/2016  6:30 pum,

statistically evaluated against the control to determine if chronic toxicity was present in the samples,

Animal Age at Test Start
Mumber of Organisms/Dilution VolumeHeplicates
Food

Aerathon

Dissolved Oxvgen

Water Replacement
Temperature

Photo Periad

pH

Diilution Water
Receiving Water

<H hours

| neonata/15 mi'l0

YT with Algae (0.1 ml/daily)

Mone

Measured daily old'new.

Benewed every 24 hours.

254 | degree C, (see attached dara sheets),
16 hours ambient light'8 hours dark.
Measured initially &nd a2 24 hours.
Reconstituted lab water approx 200 me'L hardness.
MNome supplied.

Sample Concentrations

Conteol, 6,25, 12,5, 2550, 1%

Pass

SUMMARY OF RESULTS

There was NO significant effect on reproduction. (Resulis of Dunnett’s Test)

NOEC = 1 (%% IC25 WPDES permil valus

LOEC = =100% IC25 estimated at =]100%
There was NO significant effect on survival. (Results of Fisher's Exact Test)
NOEC = 100%
LOEC ==100%

Enclosed are data sheets and statistical repors.

Enclosure
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WE T Inc.

FRID)TA3- G0 Faxi R0 ) T63-440

Chronic Toxicity Testing
Ceriodaphnia

Customer ID: Park Ciry Municipal Corperation

Mean No. Produced: Control 404 6,25% 402  [2.5% 393 25.0% 420 50.0%4]3  100% 35,7 Pass X TFail _
Percent Lethality:  Control 0% 6,.25% 0% 12.5% 0% 250% 0% SO0% 094 100% (g Pass X Fail __
IC25 value required by NPDES permit:_ HC2S estimated from the test: =100%
Sample Type/Date: 100002016 300 p.m. Analyses Dates/Times: Beginning 1001072 =
107112006 305 pm Ending 10/162016  6:30pm.
WIE2006  3.004m, Organism Type/Age: Ceriodaphnia dubia <8 hours
Dilution Water/Control: EFA formulation for hard Synrhetic fresh Warer approximately [80 mel. hardness,
CERIODAPHNIA
Total Namber of Young Produced in Three Broods ("D™ = dead)
Replicates

Sample A B C D E F G H 1 J Mean # Produced

Control 0 43 46 43 43 43 41 3R 44 38 40.4

6,25 I8 46 43 44 39 45 45 43 36 43 40.2

125 19 48 44 34 39 i 39 44 45 43 393

250 20 49 42 49 47 44 45 45 39 37 420

S0.0 18 46 45 44 44 47 43 46 47 33 41.3

1) 18 kL 35 38 36 43 42 18 40 I8 357

Concentration {mg/L)
MaxMin Comtrol 6.25 12.5 25.0 S0.0 100
Dissolved Oxygen B3/68 B26ER B.56.8 8.5/6,7 8667 B26.T

Temperawre (°C) 2500246 2500246 2500046 2500246 2500346 2500246

pH 853798 B3ATTT  BSATIE BSNTAS  BAGTI0  B4276.64

Ditution Water (Average) Hardness: 174 me’l.  Alkalinity: 142 me/l.  Conduoctivity: 387 umbos'cm

Labaratory DHrector: Lee Rawlings I,,:abomtnr} Water

Signature: _ﬁé‘ug/}y‘/ Date: fﬂféﬁﬁ

Commenis:
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(R

st Tnc, 235 West 300 South Fork Urah 84003 (807 76.3-060

o

Chronic Whole Effluent Toxicity Chemical Result Report

Oxtober 25, 2016

CUSTOMER NAME:
Park City Municipal Corporation
Adtn: Iwona Goodley

1584 3 Kings Drive
Park City, Utah 84060
SAMPLE DESCRIPTION:
Chemistries to go with Chrenic Biomonitoring testing sampled on 10/09/2016.
Analbysis Chranic Daphnia Chronic Minnow
Repl. |  Repl.2 Repl. 3 | Bepl, 1 Repl2 Bepl 3
Log# | 9926 So28 9933 9926 Q928 9533
Total Hardness, Recon (EPA 130.2), mg/L 176 178 176 176 176 176
Total Hardness, Effluent {EPA 130.2), ma'L 432 440 425 452 440 424
Ammonia, Effluent (EPA 350.2/350.3), mg/L <05 <005 <005 <005 =003 <005
Initial Chiorine Residual (EPA 330.5), mg/L 0.25 0,10 012 023 0. 12
Final Chlorine Residual (EPA 330.5), mgL =005 <005 <05 <005 <005 <0035
Conductiviey, Efluent (EPA 120.1), umhos'om 868 §30 858 868 550 138
Alkalinity, Effluent (EPA 310.1), meg/L CaCO¥ T4 84 a0 T4 B4 1]
Recon Initial pH {EPA 130.1} E.44 7.98 508 841 8.23 BAS
After 24 hours pH (EPA 150.1) §.52 852 8.53 518 .13 823
| (RF Initial pH (EPA 150.1) .56 .64 7.02 7.00 7.02 707
1064 After 24 hoyrs pH (EPA 150,1) 8.27 §.31 §.42 1.84 7.70 172

;_/ﬂéfﬁjéw'{ifl;ﬁ

Reyfptied: Lee Rawlings, LabDirector
(A ater & Environmental Testing, Inc.
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APPENDIX D — WET TESTING RESULTS

Larval Fish Growth and Survival Test-T Day Survival

Start Date: 12016 14:00 Test ID:  PC10-16cf Sample ID; Park City 10-16 chronic fathead
Emnd Date: 10472016 13:25 LabID: WET Inc Sample Type: EFF2-indusirial
Sampée Date: Protocol: EPAF 84-EPAMGONA-S1/002 Tesl Species. PP-Fimeghales promelas
Comments:

Conc-% 1 2 3 4

D-Control  C.B000 09000 09000 .0000
6256 08000 1.0000 1.0000 9.0000

125 07000 CADDD 07000 10000

25 1.0000 10000 08000 1.0000

S0 1.0000 10000 1.0000 1.0000

100 08000 1.0000 1.0000  1.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Maan__ N-Mean  Mean Min Max Cv% M Sum__ Critical
D-Comtrol 08000 10000  1.2543 11077 1.4120 9.935 4
625 08500 10586 13358 11077 14920 1141 4 21.00 1000
125 08000 08888 11254 089912 14420 17662 4 14.00 10.00
25 068780 10833 13713 12480 14120 5,942 4 22.50 10.00
50 10000 19111 14120 14120 1.4120 0.000 4 2400 10,00
100 CO750 1.083% 13713 1.2480 14120 5942 4 22.50 10.00
Auziliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p = 0.05) 0.82605 0.815 020258 12316
Equality of variance cannot be confirmed _
Hypothesis Test (1-4tail, 0.05) NOEC LOEC Chy
Steel's Many-0ne Rank Test 100 =100 1
Treatments va D-Control
Dose-Reaponse Plot
13 * R —
0.9 4 1
o8
_l].?é
E..]
aﬂ.Eg
i 0.5
= ]
G 04
™ 03]
CEE
013
LE : . . .
= [ 1]
:  § & & 8% s
[=]
]
&
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Larval Fish Growth and Survival Test-7 Growth

Start Date: 12016 14:00 TestID: PC10-16af Sample ID: Park City 10-18 chronic fathead
End Date: A0AT2016 13:25 LabID: WET Inc Sample Type: EF F2-Industrial
Sample Date; Protocol: EPAF 34-EPABDNM-01002 Test Specles: PP-Fimephates promelas
Comments;

Conc-% 1 F £l 4

D-Comired  0.4060 0.5400 04000 06070
625 04080 05640 06180 05770
125 04810 05080 04850 06000

25 0B0B0 05980 0.5330 05610
50 05840 06580 06620 08180
106 05680 O.60B0 06320 06500

Transform: Untransformed 1-Tailed Isotenic
Conc-% Mean  N-Mean  Mean Min Max CV% N t-5tat  Critical MSD Moan  MN-Mean
D-Control 0.5153  1.0000 05153 04060 06070 16.528 4 0.5707 1.0000
B25 05558 1.0980 0.5668 040680 066840 10847 L] -1.081 2410 01128 05707 1.0000
125 05180 1.0053 O5180 04810 06000 10764 4 0080 2410 01128 05707 1.0000
25 05780 1,160 05750 05330 006080 B.006 4 -1.27T8 2410 0128 05707 1.0000
50 08303 1.2232 06303 05840 0.6620 5.748 4 -2 452 2410 01128 Q6707 1,0000
100 08197 12028 06197 05630 08500 4318 & -2.237 2410 01128 05707 1.0000

Aulliary Tests Statistic Critical Skew  Kurt
Shapiro-Wilk's Test indicates mormal distribution (p = 0.05) 0.54056 0.916 -0.7401 1.53054
Bartlet's Tesl indicates equal variances (p=0.15) 8, 17362 15.0863

Chi TU MSDu  MSD MSE MSE  F-Prob df

H sis Test [1-tail, 0.05) NOEC LOEC

Dunnett's Tesl 100 =100 1 0.11259 021651 000048 0.00437 010307 5 18
Treatments vs D-Control
Linear Interpolation {200 Resamples}

Point B, 50 85% CL{Exp)  Skew
IC05 =100
IG10 =100
IC15 =100 10
ICZ0 =100 OG-
IC25 =100 08 4
IC40 >100 07 ]
IC50 =100 il

05 ]

0.4

2 03]
& 02

o1

00—

E A R

0.2 R PR

03 e e e e R

0 50 100 150
Desa %
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Larval Fish Growth and Survival Test-T Day Grawth

Stan Date:  10VI02016 1400 Test 1D PC10-16cf Sample 1D Park City 10-16 chronic fathead
End Date: 172016 13:25 LabiD:  WET Inc Sample Type: EFFZ-Induslrl
Sample Date: Protocol EPAF S4-EPAGONE-91/002 Test Speces. PP-Pimeghales promelas
Comments:

Dose-Responsa Plot

A-tail, 0.05 evel
of significance

D-Canirod e
6,25
125
25
&0
op

Page 2 ToxCalc v5.0.32 Reviewed by z’f

CH2M HILL ENGINEERS, INC D-49



APPENDIX D — WET TESTING RESULTS

Cericdaphnia Survival and Reproduction Test-7 Day Survival

Stan Date: 10A020168 1420 Test I PC10-16cc Sample [D: Park GCity 10-16 chronic cero
End Date: 10M16/2016 1830 Lab ID:  WET Inc Sample Type: EFF2-Indusirial
Sample Date: Protocol: EPAF 84-EPASOMA-01/002 Test Speces. Ch-Ceriogaphnia dubia
Commienls:
Conc-% 1 2 3 4 [5 & T [ 9 10
D-Contral 10000 1.0000 1.0000 1.0000 1.0000 1.0000 10000 1.0000 1.0000 1.0000
625 1.0000 1.0000 1.0000 10000 10000 1.0000 10000 10000 1.0000 1.0000
1256 10000 1.0000 1.0000 91.0000 1.0000 1.0000 10000 1.0000 1.0000 1.0000
25 10000 1.0000 10000 10000 1.0000 10000 10000 10000 1.0000  1.0000
50 1.0000 1.0000 1.0000 1.0000 4.0000 1.0000 1.0000 1.0000 1.0000 1.0000
100 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.00D0 1.0000 1.0000
Not Fishers 1-Talled
Cong-% Mean  N-Mean Resp  Resp  Tofal 1] Exact P Critical
D-Control  1.0000 1.0000 0 10 10 10
6.25 1.0000 1.0000 a 10 10 10 1.0000 00500
125 1.0000 1.0000 0 10 10 10 10000 0.0500
25 1.0000 1.0000 [} 10 10 10 1.0000  0.0500
60 1.0000 1.0000 0 10 10 10 1.0000 0.0500
100 1.0000 1.0000 0 10 10 10 1.0000 Q.0500
Hypothesis Test (1-tail, 0.05) NOEC LOEC  Chv TU
Figher's Exact Test 100 =100 1
Treatments vs D-Control
1 0o
oa
= 0.8
E o7
06
@05
0.4
0.3
oz
ot
o y —
E 8 o8 8 8
g§ " i
=)
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Cerodaphmda Survival and Reproduction Test-Reproduction

Start Date: 101102016 14:20 TestID: PC10-16cc Sample ID: Park City 10-16 chronic ceno
End Date: 10182016 1230 Lab 1D:  WET Ing Sample Type: EFF2-Industrial
Sampbe Date: Protocol: EPAF B4-EPAMDGW-51/002 Tesl Species: CD-Ceriodaphnia dubia
Comimenls

Cone% 1 2 3 4 5 ] T [] a 10

D-Contral 20000 48000 45000 43000 43000 45000 41.000 35000 44000 35000
625 18000 46000 43000 44000 39000 45000 45000 43000 36000 43.000

125 18000 43.000 44000 35000 39000 35000 39000 44000 45000 43.000

25 P00 45000 42000 49000 47000 44000 48000 45000 30,000 37000

S0 18000 46000 <£5000 44000 44000 47.000 43000 48000 47.000 33.000

100 13.000 35000 35000 33.000 36000 43000 42000 35000 40000 28.000

Transform: Untransformead Rank 1-Tailed Isatonic
Cone-% Mean  N-Mean Mean  Min Max CV% 1] Sum___ Critical Mean _ N-Mean
[-Conirol 40400 1.0000 40400 20000 48000 19043 10 40840  1.0000
625 40200 08950 40200 18000 48000 20806 10 10450 7500 40,540 1.0000
126 30300 09728 30300 19000 43000 20778 10 So.00 7500 40840 1.0000
25 42000 10386 42000 20000 45000 20848 10 117.00  75.00 40,640  1.0000
50 41300 10223 41300 18.000 47000 22134 10 116.50 TE.00 40640  1.0000
100 35700 08837 35700 15.000 43000 21.0058 10 T&50 7500 35700 08734
Auxiliary Tests Statistic Critical Skew Kurt
Kolmogerey [ Test indicates non-normal distrbution (p <= 0,05} 1.70795 0.805 -1.8334 28447
Barthet!'s Test indicates squal variances (p = 0.93) 041272 16.0663
Hypothesis Test (1-tail, 0.05) NOEC  LOEC Chy T
Sieels Many-One Rank Test 100 =100 1

Treaimenis ws D-Control

Linear Interpolation (200 Resamples)

Paint % 5o 85% CL Skew
o058 TO.867
1C10 21134
Ic15 *100 10
1C20 =100
08
IG25 =100
140 =100 0.8 1
G50 =100 [
o 08
g as
% 0.4
E 073
0.2
0.1
0.0 fa-—a
01+ S e
[ 50 100 150
Dose %
Fage 1 ToxCalc v5.0.32 Reviewsd by,_ &€
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Ceredaphnia Survival and Reproduction Test-Reproduction

Stari Date:  10M02016 1420 TestID: PC10-16cc Sample 10 Park City 10-16 chronic ceno
End Date: 10M 82016 18:30 Leb iD:  \WET Inc Sample Type: EFF2-Industrial

Sample Dade: Prodocol. EFAF 84-EFABO0E-91/002 Tesl Specaes: CD-Ceriodaphnia dubia
Comments:

Dose-Response Plot

au <4
s0d
£ 40 I ] j
-..E. ] »
i 30 4
E.- o
=204 1
10
L] ! T
E 8 - 2 g 8
=] - s
L=
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Start Date:
End Date:
Samphs Date:
Cormmments:

Cerodaphnia Survival and Reproduction Test-Re

101102016 14:20 Test D0 PCI0-160c
10162016 18:30 Lab ID: WET Inc

Sampés ID;
Sampba Typa:

Pratocol: EPAF 84-EPAMSDINNE-31/002 Test Species:

ction

Park City 10-16 chronic cero
EFF2-industrial

CO-Ceriodaphnia dubia

Conc-i%

1

2 3

4 -] ] 7

] 10

D-Comtrol
625
125

25

50
100

20.000
18.000
18600
20.000
18.000
18.000

48.000 48.000
46,000  £3.000
43.000 44000
40000 42000
48000 45.000
39000 35.000

43000 42000 45000 41.000
44000 39.000 45000 45000
38000 39000 38000 32000
43,000 47.000 44000 43000
44000 44000 47.000 42000
38000 36000 23000 42000

38.000
43,000
44,000
45,000
45,000
38.000

44.000
35,000
45,000
39.000
47.000
40.000

35.000
43.000
435,000
37,000
33.000
28,000

Cone-%

Maan

Transform: Untransformed

N-Mean ~ Mean

Min Max CVi% M

t-Stat

1-Tailed
Critical

D-Control
6.25

125

25

a0

100

40,400
40,200
28,300
42.000
41,300
35,700

1.0000 40400
0.9950 40200
0.8728 39,300
1.0306 42.000
1.0223  41.300
08837 35700

20000 48.000 12843 10
18.000 45000 20508 10
19000 48000 200778 10
20000 49000 20848 10
18000 47.000 22134 10
18000 43000 2008 10

0.054
0295
0428
0241
1,280

2287
2.287
2287
2.287
2.287

B.529
B.529
B.529
B.529
B.529

Auiliary Tasts

Statigtic

Critical

Skew Kurt

Kolmogoroy O 1est indicales non-normal destribution (p <= 0,.05)
Bartlett's Test indicates agual varnances (p = 0.859)

1.70785

041272 -

Hypothesis Test (1-tall, 0.05)

NOEC

LOEC  ChV

WMS0u | MSDp = M5B WSE

0.895
15.0863

18334 26447

F-Prob df

Cunnett's Test
Treatmants va O-Control

o0

TU
=100 1

529064 0.27 1-1}/45' 3367 B89.5611

061807 5, 54

Page 1

-Dma-ﬂﬂupm Plot

Reproduction
("]
L=

" 4.1l 0.05 level
of significance

D-Contral

525 4

12.6 4
25 4
50 o
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Reference Toxicant Control Chart
Chronic Fathead Minnow LCS0
October 2016
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Reference Toxicant Control Chart
Chronic Fathead Minnow 1C25
October 2016
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Reference Toxicant Control Chart
Chronic Ceriodaphnia LC50
October 2016
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S e/l Natl

Reference Toxicant Control Chart
Chronic Ceriodaphnia IC25
October 2016
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APPENDIX E — RAW WATER QUALITY TIME SERIES GRAPHS

E-2

Antimony (ug/L)
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E-4: Spiro Raw Water Iron

12,000 .
Start of Pilot Study
P e
10,000 :
: °
8,000 :
H ([ ]
) °
e
® .
6,000 :
o :
° :
4,000 ° :
o ;
o0 :
2,000 ot ° ‘e o
0

1/1/2006 1/1/2007 1/1/2008 1/1/2009 1/1/2010 1/1/2011 1/1/2012 1/1/2013 1/1/2014 1/1/2015 1/1/2016 1/1/2017

A Spiro Raw Water: Iron, Dissolved ® Spiro Raw Water: Iron, Total - = SMCL

CH2M HILL ENGINEERS, INC. E-5



APPENDIX E — RAW WATER QUALITY TIME SERIES GRAPHS

E-5: Spiro Raw Water Lead
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APPENDIX E — RAW WATER QUALITY TIME SERIES GRAPHS

E-6: Spiro Raw Water Manganese
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E-7: Spiro Raw Water Mercury
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E-8: Spiro Raw Water Selenium
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E-9: Spiro Raw Water Sulfate
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E-10: Spiro Raw Water Thallium
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E-11: Spiro Raw Water TDS
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APPENDIX E — RAW WATER QUALITY TIME SERIES GRAPHS
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E-13: Judge Raw Water Antimony
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E-16: Judge Raw Water Iron
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E-18: Judge Raw Water Manganese
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E-19: Judge Raw Water Mercury
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E-20: Judge Raw Water Selenium
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E-22: Judge Raw Water Thallium
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E-23: Judge Raw Water TDS
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E-24: Judge Raw Water Zinc

2,000 .
SMCL = 5,000 pg/L Start of Pilot Study
1,800 A
o :
1,600 :
A :
1,400 :
b
1,200 e :
4 L S
°
° ° Aok
1,000 A S S
A N
A ° Paa
A A ‘ [ J . : 2
A A A [ ] Y .
800 * ‘ Ay ° e e RBo
‘ A A A A , ® [ J ° o Y r
AAA A A ]
A A °® ° A
° (R e ®
A % » ®
600 A 4a o !
AA ° Py . A
° ® ° :‘ F
' S [ J .
o® :
400 e & :
[ ] N
) .
200 e o e e m— — — — — — —— —— — — — — — — 3 —
0 ° :

1/1/2005 1/1/2006 1/1/2007 1/1/2008 1/1/2009 1/1/2010 1/1/2011 1/1/2012 1/1/2013 1/1/2014 1/1/2015 1/1/2016 1/1/2017

75% Permit Level

A Judge Raw Water: Zinc, Dissolved ® Judge Raw Water: Zinc, Total e+ Permit Level

CH2M HILL ENGINEERS, INC. E-25



APPENDIX E — RAW WATER QUALITY TIME SERIES GRAPHS

Figure E-25: Raw Water Alkalinity
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Figure E-26: Raw Water Hardness
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Figure E-27: Raw Water UV Absorbance?
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aUV absorbance tests were conducted using sample water filtered through a 0.45-micron paper filter.
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Figure E-28: Raw Water Conductivity
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Figure E-29: Raw Water Oxidation Reduction Potential
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Appendix F
Optimized 42-inch Pyrolusite Filter
Run Profiles



Figure F-1: PYO1 Filter Profile

Figure F-2: PYO1 Filter Profile
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APPENDIX F — OPTIMIZED 42-INCH PYROLUSITE FILTER RUNS

Figure F-3: PYO1 Filter Profile

Figure F-4: PYO1 Filter Profile
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APPENDIX F — OPTIMIZED 42-INCH PYROLUSITE FILTER RUNS

Figure F-5: PYO1 Filter Profile

Figure F-6: PYO1 Filter Profile
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Figure F-7: PYO1 Filter Profile

Figure F-8: PYO1 Filter Profile
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Figure F-9: PYO1 Filter Profile

Figure F-10: PYO1 Filter Profile
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Figure F-11: PYO1 Filter Profile

Figure F-12: PYO1 Filter Profile

F-6 CH2M HILL ENGINEERS, INC



APPENDIX F — OPTIMIZED 42-INCH PYROLUSITE FILTER RUNS

Figure F-13: PYO1 Filter Profile

Figure F-14: PYOL1 Filter Profile
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Figure F-15: PYO1 Filter Profile

Figure F-16: PYOL1 Filter Profile
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Figure F-17: PYO1 Filter Profile

Figure F-18: PYO1 Filter Profile
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Figure F-19: PYO1 Filter Profile

Figure F-20: PYOL Filter Profile
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Figure F-21: PYO1 Filter Profile

Figure F-22: PYO1 Filter Profile
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Figure F-23: PYO1 Filter Profile

Figure F-24: PYO1 Filter Profile
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Figure F-25: PYO1 Filter Profile

Figure F-26: PYOL1 Filter Profile
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Figure F-27: PYO1 Filter Profile

Figure F-28: PYO1 Filter Profile
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Figure F-29: PYO1 Filter Profile

Figure F-30: PYOL Filter Profile

CH2M HILL ENGINEERS, INC F-15



APPENDIX F — OPTIMIZED 42-INCH PYROLUSITE FILTER RUNS

Figure F-31: PYO1 Filter Profile

Figure F-32: PYOL Filter Profile
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Figure F-33: PYO1 Filter Profile

Figure F-34: PYOL Filter Profile
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Figure F-35: PYO1 Filter Profile

Figure F-36: PYOL1 Filter Profile
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Figure F-37: PYO1 Filter Profile

Figure F-38: PYO1 Filter Profile
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Figure F-39: PYO1 Filter Profile

Figure F-40: PYOL1 Filter Profile
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Figure F-41: PYO1 Filter Profile

Figure F-42: PYO1 Filter Profile
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Figure F-43: PYO1 Filter Profile

Figure F-44: PYO1 Filter Profile
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Figure F-45: PYO1 Filter Profile

Figure F-46: PYO1 Filter Profile
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Figure F-47: PYO1 Filter Profile

Figure F-48: PYO1 Filter Profile
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Figure F-49: PYO1 Filter Profile

Figure F-50: PYO1 Filter Profile
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Figure F-51: PYO1 Filter Profile

Figure F-52: PYO1 Filter Profile

F-26 CH2M HILL ENGINEERS, INC



APPENDIX F — OPTIMIZED 42-INCH PYROLUSITE FILTER RUNS

Figure F-53: PYO1 Filter Profile

Figure F-54: PYO1 Filter Profile
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Figure F-55: PYO1 Filter Profile

Figure F-56: PYO1 Filter Profile
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Figure F-57: PYO1 Filter Profile

Figure F-58: PYO1 Filter Profile
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Figure F-59: PYO1 Filter Profile

Figure F-60: PYO1 Filter Profile
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Figure F-61: PYO1 Filter Profile

Figure F-62: PYO1 Filter Profile
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Figure F-63: PYO1 Filter Profile

Figure F-64: PYO1 Filter Profile
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Figure F-65: PYO1 Filter Profile

Figure F-66: PYO1 Filter Profile
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Figure F-67: PYO1 Filter Profile

Figure F-68: PYO1 Filter Profile
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Figure F-69: PYO1 Filter Profile

Figure F-70: PYO1 Filter Profile
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Figure F-71: PYO1 Filter Profile

Figure F-72: PYO1 Filter Profile
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Figure F-73: PYO1 Filter Profile

Figure F-74: PYO1 Filter Profile
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Figure F-75: PYO1 Filter Profile

Figure F-76: PYO1 Filter Profile
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Figure F-77: PYO1 Filter Profile

Figure F-78: PYO1 Filter Profile
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Figure F-79: PYO1 Filter Profile

Figure F-80: PYO1 Filter Profile
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Figure F-81: PYO1 Filter Profile

Figure F-82: PYO1 Filter Profile
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Figure F-83: PYO1 Filter Profile

Figure F-84: PYO1 Filter Profile
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Figure F-85: PYO1 Filter Profile

Figure F-86: PYO1 Filter Profile
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Figure F-87: PYO1 Filter Profile

Figure F-88: PYO1 Filter Profile
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Figure F-89: PYO1 Filter Profile

Figure F-90: PYO1 Filter Profile
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Figure F-91: PYO1 Filter Profile

Figure F-92: PYO1 Filter Profile
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Figure F-93: PYO1 Filter Profile

Figure F-94: PYO1 Filter Profile
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Figure F-95: PYO1 Filter Profile

Figure F-96: PYO1 Filter Profile
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Figure F-97: PYO1 Filter Profile

Figure F-98: PYO1 Filter Profile
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Figure F-99: PYO1 Filter Profile

Figure F-100: PYO1 Filter Profile
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Figure F-101: PYO1 Filter Profile

Figure F-102: PYO1 Filter Profile
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Figure F-103: PYO1 Filter Profile

Figure F-104: PYO1 Filter Profile
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Figure F-105: PYO1 Filter Profile

Figure F-106: PYO1 Filter Profile
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Figure F-107: PYO1 Filter Profile

Figure F-108: PYO1 Filter Profile
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Figure F-109: PYO1 Filter Profile

Figure F-110: PYO1 Filter Profile
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Figure F-111: PYO1 Filter Profile

Figure F-112: PYO1 Filter Profile
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Figure F-113: PYO1 Filter Profile

Figure F-114: PYO1 Filter Profile
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Figure F-115: PYO1 Filter Profile

Figure F-116: PYO1 Filter Profile
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Figure F-117: PYO1 Filter Profile

Figure F-118: PYO1 Filter Profile
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Figure F-119: PYO1 Filter Profile

Figure F-120: PYO1 Filter Profile
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Figure F-121: PYO1 Filter Profile

Figure F-122: PYO1 Filter Profile
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Figure F-123: PYO1 Filter Profile

Figure F-124: PYO1 Filter Profile
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Figure F-125: PY02 Filter Profile

Figure F-126: PY02 Filter Profile
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Figure F-127: PY02 Filter Profile

Figure F-128: PY02 Filter Profile
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Figure F-129: PY02 Filter Profile

Figure F-130: PY02 Filter Profile
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Figure F-131: PY02 Filter Profile

Figure F-132: PY02 Filter Profile
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Figure F-133: PY02 Filter Profile

Figure F-134: PY02 Filter Profile
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Figure F-135: PY02 Filter Profile

Figure F-136: PY02 Filter Profile
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Figure F-137: PY02 Filter Profile

Figure F-138: PY02 Filter Profile
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Figure F-139: PY02 Filter Profile

Figure F-140: PY02 Filter Profile
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Figure F-141: PY02 Filter Profile

Figure F-142: PY02 Filter Profile
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Figure F-143: PY02 Filter Profile

Figure F-144: PY02 Filter Profile
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Figure F-145: PY02 Filter Profile

Figure F-146: PY02 Filter Profile
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Figure F-147: PY02 Filter Profile

Figure F-148: PY02 Filter Profile
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Figure F-149: PY02 Filter Profile

Figure F-150: PY02 Filter Profile
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Figure F-151: PY02 Filter Profile

Figure F-152: PY02 Filter Profile
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Figure F-153: PY02 Filter Profile

Figure F-154: PY02 Filter Profile
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Figure F-155: PY02 Filter Profile

Figure F-156: PY02 Filter Profile
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Figure F-157: PY02 Filter Profile

Figure F-158: PY02 Filter Profile
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Figure F-159: PY02 Filter Profile

Figure F-160: PY02 Filter Profile
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Figure F-161: PY02 Filter Profile

Figure F-162: PY02 Filter Profile
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Figure F-163: PY02 Filter Profile

Figure F-164: PY02 Filter Profile
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Figure F-165: PY02 Filter Profile

Figure F-166: PY02 Filter Profile
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Figure F-167: PY02 Filter Profile

Figure F-168: PY02 Filter Profile
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Figure F-169: PY02 Filter Profile

Figure F-170: PY02 Filter Profile
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Figure F-171: PYO2 Filter Profile

Figure F-172: PY02 Filter Profile
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Figure F-173: PY02 Filter Profile

Figure F-174: PY02 Filter Profile
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Figure F-175: PY02 Filter Profile

Figure F-176: PY02 Filter Profile
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Figure F-177: PYO2 Filter Profile

Figure F-178: PY02 Filter Profile
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Figure F-179: PY02 Filter Profile

Figure F-180: PY02 Filter Profile
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Figure F-181: PY02 Filter Profile

Figure F-182: PY02 Filter Profile
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Figure F-183: PY02 Filter Profile

Figure F-184: PY02 Filter Profile
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Figure F-185: PY02 Filter Profile

Figure F-186: PY02 Filter Profile
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Figure F-187: PY02 Filter Profile

Figure F-188: PY02 Filter Profile
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Figure F-189: PYO7 Filter Profile

Figure F-190: PYQ7 Filter Profile
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Figure F-191: PYO7 Filter Profile

Figure F-192: PYQ7 Filter Profile
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Figure F-193: PYO7 Filter Profile

Figure F-194: PYQ7 Filter Profile
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Figure F-195: PYO7 Filter Profile

Figure F-196: PYQ7 Filter Profile
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Figure F-197: PYO7 Filter Profile

Figure F-198: PYO7 Filter Profile
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Figure F-199: PYO7 Filter Profile

Figure F-200: PYO7 Filter Profile
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Figure F-201: PYO7 Filter Profile

Figure F-202: PYO7 Filter Profile
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Figure F-203: PYO7 Filter Profile

Figure F-204: PYO7 Filter Profile
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Figure F-205: PYO7 Filter Profile

Figure F-206: PYO7 Filter Profile
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Figure F-207: PYO7 Filter Profile

Figure F-208: PYO7 Filter Profile
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Figure F-209: PYO7 Filter Profile

Figure F-210: PYO7 Filter Profile
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Figure F-211: PYO7 Filter Profile

Figure F-212: PYO7 Filter Profile
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Figure F-213: PYO7 Filter Profile

Figure F-214: PYO7 Filter Profile
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Figure F-215: PYO7 Filter Profile

Figure F-216: PYO7 Filter Profile
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Figure F-217: PYO7 Filter Profile

Figure F-218: PYO7 Filter Profile

CH2M HILL ENGINEERS, INC F-109



APPENDIX F — OPTIMIZED 42-INCH PYROLUSITE FILTER RUNS

Figure F-219: PYO7 Filter Profile

Figure F-220: PYO7 Filter Profile
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Figure F-221: PYO7 Filter Profile

Figure F-222: PYO7 Filter Profile
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Figure F-223: PYO7 Filter Profile

Figure F-224: PYO7 Filter Profile
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Figure F-225: PYO7 Filter Profile

Figure F-226: PYO7 Filter Profile
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Figure F-227: PYO7 Filter Profile

Figure F-228: PYO7 Filter Profile
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Figure F-229: PYO7 Filter Profile

Figure F-230: PYO7 Filter Profile
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Figure F-231: PYO7 Filter Profile

Figure F-232: PYO7 Filter Profile
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Figure F-233: PYO7 Filter Profile

Figure F-234: PYO7 Filter Profile
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Figure F-235: PYO7 Filter Profile

Figure F-236: PYO7 Filter Profile
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Figure F-237: PYO7 Filter Profile

Figure F-238: PYO7 Filter Profile
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Figure F-239: PYO7 Filter Profile

Figure F-240: PYO7 Filter Profile
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Figure F-241: PYO7 Filter Profile

Figure F-242: PYO7 Filter Profile
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Figure F-243: PYO7 Filter Profile

Figure F-244: PYO7 Filter Profile

F-122 CH2M HILL ENGINEERS, INC



APPENDIX F — OPTIMIZED 42-INCH PYROLUSITE FILTER RUNS

Figure F-245: PYO7 Filter Profile

Figure F-246: PYO7 Filter Profile
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Figure F-247: PYO7 Filter Profile
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Appendix G
Pilot Testing Protocol



Judge and Spiro Tunnels Mining-Influenced Water
Treatment Evaluation: Pilot Testing Protocol

PREPARED FOR: Park City Municipal Corporation

PREPARED BY: CH2M

DATE: March 31, 2016

CONTACT Paul Swaim, PE - 720-286-5280

INFORMATION: Brock Emerson, PE - 385-474-8518
Executive Summary

This document is the Pilot Testing Protocol for Park City Municipal Corporation (PCMC) Mining-
Influenced Water Pilot Study. This pilot study will support the design of the full-scale mining-influenced
water (MIW) treatment plant. This document includes an overview of water quality goals, definition of
pilot testing objectives and key questions to be answered from pilot testing, a description of the pilot
plant equipment, the detailed pilot testing experimental plan, a preliminary pilot testing schedule, a
summary of water quality testing to be conducted, and initial discussion of staffing and data
analysis/reporting.

Background Information

PCMC has been issued Utah Pollutant Discharge Elimination System (UPDES) permits for the discharge of
waters from Judge and Spiro Tunnels. PCMC entered into a Stipulated Compliance Order (SCO),
concurrent with the issuance of the permits, which established schedules and certain terms and
conditions for bringing the tunnel water discharges into compliance with the UPDES permits. The mine
tunnel waters are currently used by PCMC (and other entities) for municipal drinking water, irrigation,
and snowmaking. The Judge and Spiro Tunnels Mining-Influenced Water (MIW) Treatment Evaluation
developed plans for meeting drinking water requirements and the SCO requirements for the tunnel
waters. Pilot testing represents a key step in finalizing the selection of the preferred treatment process
for Judge Tunnel water, Spiro Tunnel water, and combined tunnel water flows.

Purpose of Pilot Testing

Pilot testing will be conducted for the purpose of demonstrating proof of performance (i.e., validating
full treatment train effectiveness and updating desktop cost estimates) for treatment of Judge and Spiro
Tunnel water for drinking water and/or stream discharge. Pilot testing will focus only on the best
options from the evaluation of alternatives and benefit-cost analysis completed previously. Pilot
operational parameters will be set based on the chemical doses that provided effective treatment
results during previous bench-scale testing. Pilot testing will provide verification of design parameters
and set the stage for conceptual, preliminary, and final design of the MIW treatment facilities.

Specifically, pilot testing will build on the previous project decisions, and the treatment process will
consist of pre-oxidation, flocculation, sedimentation, filtration, and adsorption. A schematic view of the
treatment process is shown in Figure ES-1, including contaminant removal from each major

treatment step.
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Figure ES-1: Mining-Influenced Water Treatment Schematic
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Finished Water Quality Goals and Targets

Pilot testing will provide performance data on removal of each of the metals of concern, as identified in
Table ES-1. The metals shown in Table ES-1 are those that have been measured at concentrations at
least 50 percent of the drinking water maximum contaminant level (MCL) or that are specifically limited
as part of the UPDES discharge limits for the two mine tunnel waters.

Table ES-1: Metals of Concern for PCMC's Mining-Influenced Waters

Judge Tunnel Spiro Tunnel

Antimony (MCL and stream discharge) Antimony (MCL and stream discharge)
Arsenic (MCL) Arsenic (MCL and stream discharge)
Cadmium (MCL and stream discharge) Cadmium (MCL and stream discharge)
Lead (MCL and stream discharge) Lead (MCL)

Mercury (MCL and stream discharge)* Mercury (MCL and stream discharge)*

Selenium (MCL and stream discharge)*
Thallium (MCL and stream discharge)

Zinc (stream discharge) Zinc (stream discharge)

* indicates all concentrations measured are less than the relevant limits, so removal through treatment is not required.

In addition to the constituents shown in Table ES-1, treatment will target the removal of iron and
manganese to levels well below the secondary MCLs. In both tunnel waters, there are also stream
discharge limits for total suspended solids, pH, and dissolved oxygen, and pilot data will confirm that the
treated water also meets these requirements. Pilot testing will provide performance data for the
removal of turbidity and other parameters of interest for treatment performance and regulatory
requirements. Finally, pilot testing will provide representative water quality for use in whole effluent
toxicity (WET) testing.

Key Questions to Be Addressed By Pilot Testing
The key questions to be addressed during pilot testing are as follows:

e Does the optimum treatment approach from the previous decision evaluation and bench-scale
testing perform as expected, meeting PCMC water quality goals, including drinking water MCLs
and stream discharge limits for Judge Tunnel water, Spiro Tunnel water, and combined tunnel
water?

e Does the same treatment approach perform acceptably under varying seasonal water quality?
How does the treatment process perform during periods of miner activity in the tunnel? How
does the process respond to or recover from an upset?

e Does pilot testing identify any limitations of the treatment approach that must be addressed in
full-scale facility design and/or operations? Are there key findings from pilot study operations
that help to familiarize operators with the treatment approach?

e To what extent is each metal of interest removed through each treatment step? Does this
information support blending and bypass treatment alternatives that could be used to reduce
the capital and O&M cost of the full scale treatment facility?
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e Does the optimum treatment approach pass the required WET tests and allow regulatory
approval of WET testing results?

e Does adsorption media performance and media capacity match projections and allow selecting
a preferred type of media?

e From the solids and discharge streams, how do the residuals settle and dewater? Do residuals
pass the toxicity characteristic leaching potential (TCLP) test? What are the estimated solids
guantities by water source and blend ratio?

e What chemical doses are required to stabilize finished water for the distribution system?

e What are the updated and/or refined design criteria for full-scale (i.e., flocculation time, filter
loading rates, empty bed contact time for adsorption, chemical doses)? Does the data generated
during pilot testing demonstrate these design criteria to DDW and/or DWQ?

e What are the chemical and energy costs for the full-scale facility? How much truck traffic will be
associated with chemicals, solids, and media replacement during full-scale plant operation?

e What are the updated and/or refined construction and O&M costs for full-scale?

Summary of Pilot Testing Tasks

The pilot testing experimental plan consists of task-by-task descriptions for the five defined pilot testing
tasks. The pilot testing tasks are as follows:

e Task 1 — Bench-Scale Testing (already completed)

e Task 2 — Pilot Plant Commissioning

o Task 3 — Treatment for Metals Removal

o Task 4 — Challenge Testing and WET Test #1

e Task 5 — Adsorption Testing to Assess Exhaustion and WET Test #2

The pilot study tasks are summarized in Table ES-2.

Testing Details

Testing will be conducted using Spiro Tunnel water alone, Judge Tunnel water alone, and combined
Judge/Spiro Tunnel water. For testing with combined water, a 2:1 blend of Spiro-to-Judge water will be
tested. This blend is representative of the flowrates anticipated at the future full-scale facility. It is
anticipated that both tunnel waters will be treated utilizing the same treatment process. In each case,
testing will address treatment for both drinking water and for stream discharge.

Pilot testing will be conducted at a pilot plant set up at the Spiro Water Treatment Plant (WTP). PCMC
envisions decommissioning the existing Spiro WTP and building a new MIW treatment facility, possibly
at this same site. Blending of flows, such as with Thiriot Springs flows, will not be used as a “treatment”
method for compliance. The purpose of pilot testing is to determine the capability of the treatment train
to remove the metals of concern for discharge to any stream under consideration (i.e., McLeod Creek,
Empire Creek, Silver Creek, and the Weber River).

Pilot testing will begin in April 2016 and continue for several months. Depending on the test results,
testing will continue into September and possibly longer (into November). Flowrates through the pilot
plant will be approximately 5 to 10 gallons per minute. Information on the flows and loadings to the
sanitary sewer associated with pilot testing are described later in this document, with calculations
summarized in Attachment B.
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Table ES-2: Task by Task Pilot Testing Summary

Testing Anticipated Duration and
Phase Description Objective Source Water Key Tasks
Task 1 Bench Testing Fill outstanding data gaps Completed Decision Point: Established starting point chemical doses for subsequent testing (pre-chlorination, coagulation, and pH adjustment)
Determine the most Judge and Spiro source
effective chemical doses waters
Task 2 Pilot Plant fGEttth(:.p”Ot p(;anttrlg?n:]ng 2 Weeks Setup; 5 Weeks Calibrate pilot plant and laboratory equipment
. or testing, and establis s :
Commissioning treatment operating Initial Operation Disinfect pilot plant equipment, including filter media, in accordance with AWWA standard.
conditions that work Spiro water only Confirm pilot plant operation as specified and intended
effectively for turbidity (Set.up: M.a.rch 22 thr_ough Establish operating procedures
removal, metals removal, April 1. Initial operation:
and unit process April 4 through May 8) Perform initial pilot operation and filter runs to work the “kinks” out
performance for subsequent Establish baseline for treatment performance for turbidity and metals removal
testing. Evaluate thallium L . . . . . . . . . .
Evaluate acclimation of anthracite/sand media and pyrolusite media for manganese and thallium removal. Testing with Spiro water (which contains
(and manganese) removal by . . h
o . thallium) alone is necessary for this task.
dual media filtration versus
removal by filtration with Decision Point: Establish treatment operating conditions that work effectively for turbidity removal, metals removal, and unit process performance with
pyrolusite. Spiro water for subsequent testing
Task 3 Metals Removal Confirm the optimum pH 5 Weeks Run consecutive tests with Spiro water to evaluate performance and identify best coagulant dose and pH for metals removal based on metals grab
and chemical doses for Spiro water for 1 week; sampling. Repeat with Judge water, and then with blend water (2:1 ratio of Spiro to Judge water).
r’r?ete_xls rt_emoval (and Judge water for 2 weeks; Evaluate performance of granular media filters using two filters with anthracite/sand media and two filters with pyrolusite media. Evaluate a range of
d'Stlr.':”;t'on system water Blend for 2 weeks (2:1 ratio filter loading rates (e.g., 5 to 10 gpm/sf) that will achieve PCMC'’s previously stated goals.
quality). -
of Spiro to Judge water) Conduct initial supplemental tests on clarifier and filter backwash solids.
(May 9 through June 12) . _— . . o . . .
Decision Point: Determine optimum treatment conditions for turbidity removal, metals removal, and unit process performance for subsequent testing
including possible pH adjustment.
Task 4 Challenge Testing Treat blended water for WET = 4 weeks Operate four adsorber columns. Sample at media midpoints and effluent, assess performance, and select EBCT for subsequent testing.
and WET Test #1 Tes_t #1duringa §pr|ng_ Blend of Judge and Spiro Run full pilot plant at optimized treatment conditions to provide representative water quality under spring high flow condition for WET Test #1.
period of potentially higher Tunnel Water (2:1 ratio of ) ] . o . ) ] . .
flow . ’ Conduct challenge testing with miner activity in tunnels to simulate adverse water quality. Also simulate rapid flow changes and other challenging
: Spiro to Judge water) conditions
Evaluate the robustness of '
each treatment train during 4 weeks (June 13 through Decision Point: Make adjustments to the previously-determined optimum treatment conditions for turbidity removal, metals removal, and unit process
periods of miner activity July 10) performance if needed based on the results of the first whole effluent toxicity test and challenge testing.
adverse water quality, and
other challenging conditions.
Task 5 Adsorber Life to Run upstream steady state 10 - 20 Weeks Run 4 adsorption columns for extended periods of time to assess bed volumes to bed exhaustion on a blend of treated Spiro and Judge water.

conditions and evaluate
adsorber media to predict
exhaustion for antimony
removal. Treat blended
water for WET Test #2
during a fall period of
normal flow.

Assess Exhaustion
and WET Test #2

Blend of Judge and Spiro
Tunnel Water (2:1 ratio of
Spiro to Judge water)

Up to 20 weeks (July 11
through November 25,
pending possible earlier
stop)

Run full pilot plant at optimized treatment conditions to provide representative water quality under fall normal flow condition for WET Test #2.
Conduct additional supplemental tests on clarifier and filter backwash solids.

Decision Point: Determine best adsorbent based on metals removal, need to pH adjust, media life, and lifecycle cost
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TECHNICAL MEMORANDUM mM'

Judge and Spiro Tunnels Mining-Influenced Water
Treatment Evaluation: Pilot Testing Protocol

PREPARED FOR: Park City Municipal Corporation
PREPARED BY: CH2M

DATE: March 31, 2016

PROJECT NUMBER: 659671.A1.03.31.02

Introduction and Purpose

Park City Municipal Corporation (PCMC) has recently been issued Utah Pollutant Discharge Elimination
System (UPDES) permits for the discharge of waters from Judge and Spiro Tunnels. PCMC entered into a
Stipulated Compliance Order (SCO), concurrent with the issuance of the permits, which established
schedules and certain terms and conditions for bringing the tunnel water discharges into compliance
with the UPDES permits. The mine tunnel waters are currently used by PCMC (and other entities) for
municipal drinking water, irrigation, and snowmaking. This project, the Judge and Spiro Tunnels Mining-
Influenced Water (MIW) Treatment Evaluation, consists of engineering services to assist PCMC in
developing plans for meeting drinking water treatment requirements, the SCO requirements, and long-
term goals for the tunnel waters. As defined by PCMC, the expected outcome of this phase of the
project is identification of the preferred treatment process alternative for Judge Tunnel water, Spiro
Tunnel water, and combined tunnel water flows.

As Phase IB of the project, pilot testing will be conducted for the purpose of demonstrating proof of
performance (i.e., validating full treatment train effectiveness and updating desktop cost estimates) for
treatment of Judge and Spiro Tunnel water for drinking water and/or stream discharge. Pilot testing will
focus only on the best options from the benefit-cost analysis completed in Phase IA. Pilot testing
represents the follow-on step after bench-scale testing, which was completed by Water Quality
Technology Solutions (WQTS) for PCMC in fall 2015 as Phase IB-i. From the bench-scale test results,
operational parameters will be set based on the chemical doses that provided the best treatment
results. Pilot testing will provide verification of design parameters (e.g., filter loading rate) and set the
stage for later design of treatment facilities for Judge and/or Spiro Tunnel water.

Specifically, pilot testing will build on the decisions made during Phase IA of the project regarding
treatment, so the treatment process will consist of pre-oxidation, flocculation, sedimentation, filtration,
and adsorption. Testing will be conducted using Spiro Tunnel water alone, Judge Tunnel water alone,
and combined Judge/Spiro Tunnel water. It is anticipated that both tunnel waters will be treated
utilizing the same treatment process. In each case, testing will address treatment for both drinking
water requirements and for stream discharge, including experiments to inform the design of residuals

CH2M HILL ENGINEERS, INC G-6



APPENDIX G — PILOT TESTING PROTOCOL

handling systems. For drinking water treatment, testing will include ensuring water quality will be stable
when entering the PCMC distribution system.

Pilot testing will be conducted at a pilot plant set up at the Spiro Water Treatment Plant. The pilot plant
will include pH adjustment and oxidation (Skid 3), followed by coagulation/flocculation/sedimentation
(Skid 1), granular media filtration (Skid 2), and post-filter adsorption (Skid 3). Flow through the pilot
plant will be approximately 5 to 10 gallons per minute.

Finished Water Quality Goals and Targets

Pilot testing will provide performance data on removal of each of the metals of concern, as shown in
Table 1 below. The metals shown in Table 1 are those that have been measured at concentrations at
least 50 percent of the drinking water maximum contaminant level (MCL) or secondary MCL in any
single sample in the PCMC MIW water quality database. Pilot testing will also provide performance data
for the removal of turbidity and other parameters of interest for treatment performance and regulatory
requirements. Pilot testing will fill the remaining data gaps, including providing representative water
quality for use in whole effluent toxicity (WET) testing and enabling prediction of adsorptive media life
until exhaustion. Thus, the primary objective of pilot testing will be to provide the information needed
to finalize decision evaluations and confirm the preferred alternative for conceptual design (Phase IC
and Phase Il).

Table 1: Metals of Concern for Drinking Water in Mining-Influenced Waters

Judge Tunnel Spiro Tunnel

Primary Drinking Water Standards

Antimony Antimony

Arsenic Arsenic

Cadmium

Lead Lead
Thallium

Secondary Drinking Water Standard

Aluminum

Iron Iron

Manganese Manganese

Sulfate Sulfate

Total Dissolved Solids Total Dissolved Solids

Of the constituents shown in Table 1, treatment will not target the removal of sulfate or total dissolved
solids based on the decision evaluation completed in Phase | of the project. Aluminum is listed for Judge
Tunnel water, but all dissolved aluminum values have been more than an order of magnitude less than
the secondary MCL. It is anticipated that particulate aluminum will be filtered and removed, and
additional treatment addressing aluminum removal is not planned.

In addition to the relevant drinking water limits, in Judge Tunnel water, there are stream discharge limits
for mercury and zinc. Mercury has not been detected above 50 percent of the stream discharge limit,
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whereas zinc will require removal from Judge Tunnel water to meet the stream discharge limit. In Spiro
Tunnel water, cadmium and zinc must be removed to meet stream discharge limits. In Spiro Tunnel
water, selenium is also regulated for stream discharge, but all measured values have been less than the
discharge limit.

In both waters, there are also stream discharge limits for total suspended solids, pH, and dissolved
oxygen.

Testing Goals and Objectives

This pilot study will be conducted to obtain sufficient data on the pilot treatment processes to establish
design criteria for a full-scale treatment plant that will meet PCMC goals for water quality, operate
efficiently, and provide the ability to meet regulatory and water quality changes.

Specifically, the pilot study of Judge and Spiro Tunnel waters will be conducted to address the following
objectives:

e Verify the optimum treatment approach and observe the performance of that treatment
approach under varying seasonal water quality. This reduces risk of the full scale treatment
facility not being able to meet treatment objectives as water qualities and flows change. In other
words, pilot testing will allow a better understanding of the limitations of the treatment
approach.

e Address key data gaps to refine and confirm construction and operations and maintenance
(O&M) costs. Continuous pilot operations will allow the ability to build on bench-scale testing
results and hone in on operational windows (e.g., pH and coagulant range), and performance
goals. This, in turn, will allow more realistic projections of chemical and energy costs of the
future full scale facility.

e Provide profile of metals removal though each process step, allowing the ability to determine
blending and bypass treatment alternatives that could be used to reduce the capital and O&M
cost of the full scale treatment facility.

e Provide treated water for WET testing and achieve regulatory approval of WET testing results.

e Gain operational experience and familiarize operators with the treatment approach. Allow a
better ability to estimate future staffing needs for full scale operations.

e Generate solids and discharge streams so that residuals treatment alternatives can be
adequately sized and estimated in O&M costs.

e Generate finished drinking water so that stabilization chemistry can be adequately designed and
estimated in O&M costs

o Refine design criteria for full scale (i.e., flocculation time, filter loading rates, empty bed contact
time for adsorption, chemical doses). As needed, demonstrate criteria for future Utah Division
of Drinking Water (DDW) and Division of Water Quality (DWQ) approval of for the water
treatment facility based on permit limits and discussions between PCMC, DDW, and DWQ.

e Perform challenge testing, including testing during periods of miner activity in the tunnel, to
understand the robustness of the treatment process with regard to risk of stream discharge
compliance issues.
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From these key questions, the objective of pilot plant operation and data collection will be to generate
the requisite data to develop design criteria and estimate costs for the full-scale treatment facilities.
With this approach, pilot testing will be conducted with this end result in mind.

Key Questions

To address these objectives, pilot testing will focus on answering the following key questions:

e Does the optimum treatment approach from the previous decision evaluation and bench-scale
testing perform as expected, meeting PCMC water quality goals, including drinking water MCLs
and stream discharge limits for Judge Tunnel water, Spiro Tunnel water, and combined tunnel
water?

e Does the same treatment approach perform acceptably under varying seasonal water quality?
How does the treatment process perform during periods of miner activity in the tunnel? How
does the process respond to or recover from an upset?

e Does pilot testing identify any limitations of the treatment approach that must be addressed in
full-scale facility design and/or operations? Are there key findings from pilot study operations
that help to familiarize operators with the treatment approach?

e To what extent is each metal of interest removed through each treatment step (e.g.,
clarification, filtration, and adsorption)? Does this information support blending and bypass
treatment alternatives that could be used to reduce the capital and O&M cost of the full scale
treatment facility?

e Does the optimum treatment approach pass the required WET tests and allow regulatory
approval of WET testing results?

e Does adsorption media performance and media capacity match projections and allow selecting
a preferred type of media?

e From the solids and discharge streams, how do the residuals settle and dewater? Do residuals
pass the toxicity characteristic leaching potential (TCLP) test? What are the estimated solids
guantities by water source and blend ratio?

e What chemical doses are required to stabilize finished water for the distribution system?

e What are the updated and/or refined design criteria for full-scale (i.e., flocculation time, filter
loading rates, empty bed contact time for adsorption, chemical doses)? Does the data generated
during pilot testing demonstrate these design criteria to DDW and/or DWQ?

e What are the chemical and energy costs for the full-scale facility? How much truck traffic will be
associated with chemicals, solids, and media replacement during full-scale plant operation?

e What are the updated and/or refined construction and O&M costs for full-scale?

Water Quality and Operational Goals for Pilot Testing

The tests conducted during the pilot study will be evaluated with respect to water quality and
operational parameters. For this project, criteria have been established to quantitatively assess
treatment performance and to determine whether or not the desired levels of performance have been
achieved. These treatment goals will serve as guidelines for conducting the pilot experiments and for
making decisions, but they should not be considered absolute. The treatment goals have been
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conservatively set based on current and anticipated water quality requirements and engineering
judgment.

Water Quality Goals

Early in Phase IA of the project, PCMC set water quality goals that may be more stringent than existing
DWQ permit levels and DDW regulations as they relate to these source waters. DWQ permits are
renewed every 5-years and stream discharge limits could potentially become more stringent in the
future based on the receiving water body. Similarly, EPA/DDW requirements may also change over time.
PCMC has decided to establish drinking water quality goals that match what would be necessary for
compliance with specific elements of the EPA’s Surface Water Treatment Rule. It is important that the
design conditions are robust enough to achieve the potential for more stringent standards and
regulations in the future, as such changes could result in costly changes to treatment facilities (as PCMC
experienced with the Park Meadows well). The pilot plant process being evaluated is expected to meet
many of these criteria without significant modification.

Goals are shown for Judge Tunnel water in Table 2 and for Spiro Tunnel water in Table 3. In all cases, the
treatment goal is less than or equal to 75 percent of the MCL, sMCL, or stream discharge limit. The goal
for settled water turbidity goals is less than or equal to 2.0 NTU, with values lower than 1.0 NTU desired
if possible. The goal for filtered water turbidity is less than or equal to 0.10 NTU.

Table 2: Raw Water Quality and Treatment Requirements for Parameters of Concern in Judge Tunnel Water®

Stream Discharge

Analytes 50 Percentile Max (mg/L) MCL or sMCL Max Monthly
(me/L) (me/L) Average (mg/L)
Antimony 0.0064 (0.0062) 0.0143 (0.0070) 0.006 0.0056
Cadmium 0.0032 (0.0023) 0.0077 (0.0070) 0.005 0.00042
Lead? 0.007 (0.000) 0.485 (0.005) 0.015 0.0068
Mercuryb N/A 2.9E-7 (N/A) 0.002 1.20E-05
Zinc 0.76 (0.61) 1.81 (1.55) 5 0.198
Arsenic 0.0080 (0.0022) 0.1120 (0.0086) 0.01 N/A
Selenium 0.0020 (0.0018) 0.0040 (0.0040) 0.05 N/A
Thallium? 1.5E-5 (1.5E-5) 0.0002 (0.0002) 0.002 N/A
Iron? 0.34 (0.00) 7.67 (0.02) 0.3 N/A
Manganese 0.011 (0.011) 0.098 (0.024) 0.05 N/A
Aluminum? 0.005 (0.005) 0.200 (0.005) 0.2 N/A

@ For purposes of calculations, ND was estimated as 50% of minimum detection limit.
b For mercury, maximum measured total concentration is 2.9 ng/L; dissolved Hg never measured above MRL.
¢ Parenthetical values represent dissolved concentration for the same analyte
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Table 3: Raw Water Quality and Treatment Requirements for Parameters of Concern in Spiro Tunnel

Water®

Analytes 50th Percentile (mg/L) Max (mg/L) MCL or sMCL (mg/L) Mszr:t::; 25::‘:;27::/);)
Antimony 0.0086 (0.0076) 0.0127 (0.0091) 0.006 0.0056
Cadmium 0.0004 (0.0002) 0.0022 (0.0017) 0.005 0.00075
Lead? 0.0020 (0.000) 0.186 (0.000) 0.015 N/A
Mercuryab N/A N/A 0.002 N/A

Zinc 0.16 (0.10) 0.40 (0.13) 5 0.388
Arsenic 0.0915 (0.0161) 0.5091 (0.0483) 0.01 0.010 (as daily max)
Selenium 0.0028 (0.0023) 0.0042 (0.0030) 0.05 0.0046
Thallium? 0.0042 (0.0032) 0.0122 (0.0050) 0.002 0.00024

Iron? 1.43 (0.01) 6.84 (0.72) 0.3 N/A
Manganese 0.046 (0.020) 0.988 (0.031) 0.05 N/A
Aluminuma 0.033 (0.005) 0.060 (0.005) 0.2 N/A

2 For purposes of calculations, ND was estimated as 50% of minimum detection limit.
b All values for mercury were recorded as ND.
¢ Parenthetical values represent dissolved concentration for the same analyte

Operational Goals

The pilot testing effort will include a focus on evaluating filter performance throughout filter runs. A
filter run is defined as beginning as soon as flow is returned to the filter after a backwash, and the filter
run will end with termination due to time, turbidity breakthrough, or terminal headloss. The time that
elapses from the start of the run to the time that the filtered water turbidity reaches 0.10 NTU will be
used to determine the unit filter maturation volume (UFMV) or filter ripening volume.

All filters will be expected to maintain a filtered water turbidity of less than 0.10 NTU during the filter
run once ripening (maturation) has occurred. The value of 0.10 NTU was selected because it represents
a conservative filtered water turbidity goal, and 0.1 NTU is the DDW Alliance turbidity goal for filtered
water. This goal exceeds the most stringent requirements in the USEPA’s Long-Term 2 Enhanced Surface
Water Treatment Rule, which grants an additional 0.5-log Cryptosporidium removal credit for filtration
plants that keep turbidity below 0.15 NTU at least 95 percent of the time (for individual filters and for
combined filter effluent). Thus, the filtered water turbidity goal will be more stringent than any value in
USEPA regulations and match the local Alliance goal (of which PCMC is a member). It is anticipated that
the filtered water turbidity will typically be less than 0.10 NTU.

To characterize filter performance, the unit filter run volume (UFRV) for the filter run is calculated as the
product of the filtration rate (in gpm/sf) and the filter run time (in minutes). A UFRV of 5,000 gal/sf is
typically considered a minimum value for acceptable filter performance. For this pilot study, it is
anticipated that UFRVs will substantially exceed 5,000 gal/sf, and that UFRVs greater than 10,000 gal/sf
will be achieved routinely. To calculate UFRV, time zero for the filter run time determination will be the
time at which the maturation or ripening period concludes and filtered water turbidity is less than 0.10
NTU.

If the filtered water turbidity rises from an acceptable level to 0.10 NTU for more than 5 minutes, the
filter run will be considered to have ended based on turbidity breakthrough, and the UFRV will be
calculated based on the filter loading rate and filter run time before turbidity breakthrough occurs. If
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turbidity breakthrough does not occur, the filter run will be considered to end when the filter reaches an
accumulated headloss of 10 feet, not including initial headloss due to clean media and underdrain
losses.

In some instances, it may be demonstrated for given test conditions through prior filter runs that
turbidity breakthrough is not expected. In these cases, filter runs may be terminated prior to reaching
terminal headloss, and the rate of headloss accumulation will be extrapolated for calculation of UFRV.
For filter runs that are terminated due to time or terminal headloss, UFRVs will be calculated based on
the slope of the headloss curve and calculated for 20 feet of accumulated headloss. In these instances,
the actual UFRV (before termination of the filter run) and estimated URFV (based on extrapolation) will
both be recorded.

The filter operational goals for the pilot study are presented in Table 4.

Table 4: Pilot Study Filter Operational Goals

Unit Goal
Parameter
Unit Filter Run Volume (UFRV) gal/sf > 5,000
Turbidity Maturation and Breakthrough NTU 0.10
Level
Terminal Headloss (not including clean feet 20.0
media and underdrain losses)
Filter Run Time hours >24
Filter Maturation Volume gal/sf < 150°

Note: 2 indicates goal will be refined based on initial pilot plant operations.

The pilot testing will not provide useful information for determining filter backwash requirements for
the full-scale WTP due to the pilot equipment size. The goal of pilot filter backwashing (and air scour
use) will be to clean the media sufficiently after each filter run. Design experience will serve as the basis
for determining full-scale filter backwash requirements.

Pilot Plant Process Flow Diagram

Treatment at the pilot plant will consist of pre-oxidation and pH adjustment in a pipeline contactor;
conventional filtration treatment (i.e., rapid mixing, flocculation, and sedimentation); granular media
filtration; and post-filter adsorption. Disinfection will not be provided as part of the pilot plant, as the
treated water will not be distributed as potable water, and pilot testing of the disinfection process does
not provide essential information. A simplified process flow schematic for the pilot plant is included as
Figure 1.

The MIW Pilot Plant will be located at the Spiro WTP. As shown in Figure 1, the pilot equipment will have
four main components installed on three equipment skids, as follows:

e Oxidation and Flow Split Skid (shared skid with Adsorption skid)
e Sedimentation Skid - S100

Filtration Skid - F300

Adsorption Skid (shared skid with Oxidation and Flow Split skid)

These three skids will be provided by Intuitech.
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Pilot Testing Experimental Plan

This section summarizes the Experimental Plan for the pilot testing tasks identified for the pilot study.
This Experimental Plan is intended to be a flexible document that allows for modification based on
testing results as they are developed and reviewed by the project team. Five specific testing tasks have
been identified as follows:

e Task 1 — Bench-Scale Testing (already completed)
e Task 2 — Pilot Plant Commissioning

o Task 3 —Treatment for Metals Removal

e Task 4 — Challenge Testing and WET Testing

e Task 5 — Adsorption Testing to Assess Exhaustion

The Experimental Plan and testing schedule have been developed to facilitate Task 4 testing in the late
spring/early summer when tunnel flowrates have typically been elevated.

The five tasks identified for pilot testing are described in the following sections. For each task, this
piloting protocol outlines the Experimental Plan for testing. Throughout the project, additional tests will
be conducted at bench-scale using water samples from the pilot plant to generate additional key data
for the full-scale treatment plant. These additional experiments are described as sub-sections under the
primary tasks as appropriate in the following sections.

Decision points have been defined at the end of each testing task. These decision points will dictate the
operating conditions to be used for subsequent tasks. The decision point for each testing task is
identified in the following task descriptions.

A summary of the pilot testing tasks was shown in Table ES-2.
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Task 1 —Bench-Scale Testing

Duration: Already completed

Source Water: Spiro Tunnel Water and Judge Tunnel water
Objective: Establish initial treatment conditions for pilot testing

Pilot testing represents the follow-on step after bench-scale testing, which was completed by WQTS for
PCMC in 2015 as Phase IB-i. The information summarized herein is based on test results described in the
following WQTS TMs:

e Experimental Test Plan (October 12, 2015)

e Interim Results of Test 2 — Ferric Chloride Coagulation at Multiple pH Conditions (November 14,
2015)

e Interim Results of Test 3 — Lime Softening at different pH levels, with Ferric Chloride Addition,
flocculation, sedimentation, and filtration (November 19, 2015)

e Interim Results of Test 4 — Adsorption Testing (December 13, 2015)

Pre-Treatment Conditions

From the Test 2 bench-scale test results, the overall best treatment performance was achieved with the
following treatment conditions:

e Pre-oxidation with a chlorine dose of 2.0 mg/L
e Coagulation with a ferric chloride coagulant dose of 5.0 mg/L (as FeCls)
e Base (sodium hydroxide) addition for post-coagulation pH of 9.0

The post-coagulation pH of 9.0 provided the best removal (following sedimentation and paper filtration)
of cadmium, copper, zinc, and manganese, while also providing effective removal of arsenic and iron. At
pH 9.0, the same treatment conditions provided only marginal removal (less than 30 to 50 percent) of
antimony and thallium. From WQTS TM, softening at pH of 9.5 to 11.0 did not provide additional metals
removal compared to that achieved with ferric chloride coagulation at pH 9.0

A ferric chloride dose of 5.0 mg/L performed as well, or nearly as well, as higher doses for removal of
arsenic, cadmium, copper, iron, manganese, and zinc. Among the metals tested, an increased ferric
chloride dose (up to 40 mg/L) slightly improved removal of antimony and thallium. The minimal benefit
resulting from this higher ferric chloride dose will not be tested at pilot-scale due to only slightly better
metals removal and significant solids generation at full-scale. The ferric chloride dose of 5 mg/L will be
the dose used during pilot testing initially, and assuming confirmation of performance for metals
removal, throughout testing.

Filter Media and Adsorptive Media

From WQTS TM summarizing Test 4, the results further established the filter media and adsorptive
media to be used in pilot testing. Thallium was most effectively removed with pyrolusite filter media
(“greensand”). WQTS’ TM describes the theory that, because the existing Spiro WTP has a history of
removing thallium with pre-chlorination and granular filter media (using a proprietary media, PM100),
the use of anthracite/sand filter media with pre-chlorination may achieve similar results. Based on these
test results, the pilot plant will be equipped with the following filter media:

e 2 filters with pyrolusite filter monomedia
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e 2 filters with anthracite/sand filter dual media

In all cases, continuous pre-chlorination will be essential for adsorption of manganese dioxide onto the
media for removal of manganese and thallium.

From the adsorptive media tests, the granular titanium oxide media, Metsorb, provided the best
antimony removal. WQTS TM recommended also considering granular iron-oxide media (e.g., granular
ferric hydroxide, GFH™ or Bayoxide™), since this type of media has been shown to provide antimony
removal at pH reduced to approximately 6.5 in WQTS’ testing for another utility.

With the configuration of each adsorption column, column midpoint sampling will be possible to assess
the performance of different empty bed contact times (EBCTs). From discussions with the media
vendors, the treatment benefits of increasing EBCT are not expected to be as significant as the benefits
with GAC media for organics removal. From these test results, the pilot plant will be equipped with the
following adsorptive media:

e 1 column with Metsorb granular titanium oxide media at a pH value that provides the desired pH for
water entering the distribution system

e 1 column with Metsorb granular titanium oxide media at a reduced pH, as defined by the
manufacturer as the optimum pH for media performance and incorporating life-cycle cost
evaluations

e 1 column with GFH™ iron oxide media at a pH value that provides the desired pH for water entering
the distribution system

o 1 column with GFH™ iron oxide media at a reduced pH, as defined by the manufacturer as the
optimum pH for media performance and incorporating life-cycle cost evaluations

Additional discussion of adsorption media options, including the rationale for these specific media for
testing, is provided later in this document.

Because of the need for removal of thallium with manganese dioxide adsorption at the filters and
previous filtration pilot testing by PCMC and WQTS, Metsorb media will not be tested as filter media
during the pilot testing. It is assumed that concurrent filtration, manganese dioxide surface adsorption
of manganese and thallium, and antimony (and other metals) adsorption by the Metsorb media would
not be possible. Thus, Metsorb will only be considered as a post-filter adsorption media, consistent with
the manufacturer’s recommendation.

Additional Bench-Scale Tests

Based on the necessary limitation to the scope of the previous bench-scale testing, and because of the
opportunities afforded by running a pilot plant, there are additional tests that will be performed at
bench-scale during the pilot testing to most effectively generate key information. For example, bench-
scale tests will be used for the following purposes:

e Jar testing to assess the treatment benefits of polymer addition as part of coagulation
e Residuals tests to assess solids dewaterability and to measure metals concentrations in settled solids

e Finished water stabilization tests to determine chemical doses to achieve finished water quality
goals

These tests are described under the tasks for which each type of test will be most appropriate in the
following sections.
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Task 2 —Pilot Plant Commissioning

Duration: 7 weeks (2 weeks setup: March 22 through April 1; 5 weeks initial operation: April 4 through
May 8)

Source Water: Spiro Tunnel Water (only)

Objective: Get the pilot plant running for testing, and establish treatment operating conditions that work
effectively for turbidity removal, metals removal, and unit process performance for subsequent testing.
Evaluate thallium (and manganese) removal by dual media filtration versus removal by filtration with
pyrolusite.

Equipment Installation and Pilot Plant Setup

At the Spiro Water Treatment Plant (WTP) site, PCMC will furnish the leased flocculation/ sedimentation
skid, leased filter columns skid, and purchase the combination raw water/post-adsorption skid for
testing. PCMC plans to have completed the field work necessary for utility connection/tie-in, including
electrical, and completed source water connections for Judge Tunnel water and Spiro Tunnel Water, as
well as sewer discharge to enable installation of a fully functional pilot plant. This work is scheduled to
be completed prior to start date for mobilization of the pilot plant operations team on-site. All testing
for Task 2 will be conducted using Spiro Tunnel water only because only Spiro water contains thallium
and this approach will allow monitoring of filter performance for thallium removal.

Beginning on March 22, once all of the equipment items for pilot testing arrive on site, the equipment
should be removed from crates (with the crates preserved for future return transportation of the
equipment skids) and installed in the Spiro WTP. Upon arrangement of the skids, the operations team
will make final piping connections to and from each skid. PCMC will provide all electrical connections to
the piloting equipment. The equipment should be checked for any broken components.

Once these steps are completed and the pilot plant is installed in place and plumbed for flow, it will be
necessary to run raw water through the pilot plant and to calibrate the instruments and equipment. Key
calibration steps include the following:

e Confirm raw water supply at sufficient flow and pressure

e C(Calibrate on-line turbidimeters using formazin standards

e Develop calibration curves for chemical metering pumps using graduated cylinders and stopwatches
e (Calibrate on-line pH analyzers

e Perform bucket tests as possible to verify flowmeter operation and measurements

e |dentify and label sampling points

e Confirm operation of filter backwash system and air scour system

e Confirm functional operation, including accuracy of data values and data tracking at the pilot plant
PLCs. Select alarms for email notifications.

e Verify operation of all pilot plant components, running the system for a minimum 24-hour time
period to complete trouble-shooting.

e Load all filter media, including thorough backwashing to remove fines, and sample media for
laboratory sieve analysis.
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The pilot plant installation and setup task is expected to require two weeks of on-site work, with
completion by April 1.

Confirm Operations, Calibrate Equipment, and Establish Operating Procedures

Prior to commencing pilot testing, chemical deliveries should be completed so all pilot plant treatment
chemicals are on-hand for use. In addition, chemicals and consumables needed for on-site laboratory
analyses should be ordered and on hand. The pilot operations team will develop and document
protocols for pilot plant laboratory procedures, instrument calibrations, chemical batching (if necessary)
and chemical feeds, solids wasting from the clarifier, filter backwashing, and other steps for regular pilot
plant operation. During this time period, CH2M’s engineering/laboratory specialist will visit the site for
one week to set up the pilot laboratory, calibrate instruments, establish laboratory and instrument
protocols, and review lab procedures with pilot operations staff. Batching protocols for chemicals will be
established to ensure replacing any chemical solution reservoirs using diluted coagulant or polymer at
least every 48 to 72 hours.

The pilot operations team will also establish procedures for data collection, download/transfer,
database entries, and filter performance tracking. CH2M will arrange for an automation specialist to visit
the site to establish and document data transfer and tracking protocols.

Additional startup activities will be completed during the time period, including the following:

e Set flocculation mixer speeds and solids wasting rate from clarifier

e Install column extensions and load filter media to the desired depth in the four filter columns,
including initial backwashing to establish correct media depths. Collect a sample of each media type
for sieve analysis.

e Chlorinate the system (not including the adsorption skids and adsorption media, since the
adsorption media will not be installed yet). Follow AWWA C651-14 Standard for potable water.

From experience, filter backwash procedures, using air scour as well, will be established to result in
clean media, rather than to try to gather specific information for full-scale design. One critical step in
pilot filter operations is to develop a consistent procedure for use of a rubber mallet at each filter
column to settle media at the start of the filter run to ensure consistent clean bed headloss and

headloss accumulation performance. It is recommended that, at the time of media installation, the
media depth upon natural media settling be marked, and then the rubber mallet be used to compact the
media to the minimum depth. From experience, for pilot operations, the media should be lightly
compacted following each backwash to a point approximately one third of the depth beyond natural
settling. This depth of media should be marked for each column with tape for use in achieving consistent
depth and operation after each backwash. If media loss is apparent over time, additional media may
need to be added. When backwashing occurs in auto mode overnight or other times when the pilot
plant is unattended, the media will be tapped to achieve the marked depth once a pilot operator is next
on site.

The task to confirm operations, calibrate equipment, and establish operating procedures is expected to

be completed at the end of the third week of on-site work (i.e., completed by April 8).

Initial Operating Period

Beginning on April 11, a four-week initial pilot plant operating period will commence. Throughout this
time period, the goal will be for the pilot plant to operate around the clock, including weekends, with
the pilot operations team tracking and recording data, collecting samples, and following operating
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protocols. Initially, operations will confirm process and filter operation, and the operators will work out
any "kinks" that may occur, particularly during overnight operation.

This start-up operating period will first be used to identify effective treatment conditions for turbidity
and metals removal for subsequent testing. Following hypochlorite addition for pre-oxidation, the initial
pH will be raised to 9.0 through clarification and filtration, and no acid will be fed at the clarifier
overflow weir to reduce the pH back down to approximately 7.5 to 8.0 (or alternative value that
provides a near zero calcium carbonate precipitation potential). A ferric chloride dose of 5 mg/L will be
applied, but this dose may be increased if necessary to seed the clarifier with significant floc deposition.
Polymer will not be used at this time.

Figure ES-1 shows the contaminants removed through each treatment step. As shown, pre-
oxidation/rapid mix/flocculation/sedimentation will be a key barrier for removing arsenic, cadmium,
lead, zinc, and suspended solids, while also providing some removal of manganese, thallium, and
pathogens. Granular media filtration, using manganese dioxide filters or anthracite/sand filters, will
remove arsenic, manganese, thallium, suspended solids, and pathogens. Post-filter adsorption will
remove antimony and serve as a secondary barrier for other metals.

Floc/sed conditions will be set to provide approximately 30 minutes of flocculation time and a
reasonable plate loading rate (e.g., 0.2 to 0.3 gpm/sf). For flocculation, conditions will consist of tapered
flocculation. The mixing energy (i.e., G values) will decrease from stage to stage through the three
stages of flocculation. For the plate settler, a solids wasting rate and valve opening frequency will be set
as a starting point and adjusted based on floc buildup at the plates. Over time, it may be necessary to
“knock” solids down from the top of the plates and/or “poke” solids into the waste opening for
acceptable turbidity performance on a continuous basis. Thus, clarifier operations should be monitored
and procedures developed and modified based on operating experience.

The pilot study is not intended to provide a detailed evaluation of plate settling loading rates to
determine design criteria. Instead, the objective of pilot testing is to operate the clarifier to provide
effective and representative treatment. Significant experience is available with plate settling to allow
effective design without attempting to refine design parameters at pilot-scale. At flowrates of 5 to 10
gpm, plate settling results are not scalable from pilot to full scale. Thus, the goal of pilot clarifier
operation will be to produce acceptable settled water quality. Once settled water turbidity is less than
2.0 NTU and stable, begin collecting samples (including metals) per the sampling plan in Table 5.

In addition, as soon as settled water turbidity is less than 2.0 NTU and stable, begin filter operation. At
that time, filter runs will be conducted, and allowed to run to completion. The two parallel filter
columns with identical filter media configurations will be run at 5 and 6 gpm/sf for all filter runs. Filter
aid polymer will not be used at this time. Adsorption testing will not yet be conducted during Task 2. For
each filter run, operate until the filters ripen and filtered water (FW) turbidity stabilizes, and then allow
the filter run to continue overnight and until termination due to turbidity breakthrough or headloss
accumulation. It should be noted that, on some pilot filter tests, it has taken several repeat filter runs
until filters begin to achieve performance targets. Thus, it may be necessary to backwash and start filter
runs several times before the project goals are achieved. Potable water will be used to fill the backwash
supply reservoir to enable backwashing with clean water during this phase. Pretreatment optimization,
such as chemical dose or flocculation energy adjustment, may also be required for acceptable filter
performance.

For all four filters, filter media acclimation time will be closely monitored as a function of bed volumes
during the first few weeks of operation. Samples from each filter effluent (and the settled water) will be
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collected as per Table 5 and analyzed for manganese and thallium to determine the acclimation time for
each media type before effective thallium removal is achieved.

If filter runs are regularly terminating due to turbidity breakthrough and filter run time is less than 24
hours, filter aid polymer (FAP) dosing will be tried at this time. For this task, it will be necessary to obtain
two recommended NSF-approved FAP products from vendors, including at least one non-ionic FAP
product. Start with a low FAP dose (e.g., 0.05 mg/L) and determine if FAP dosing improves filter
performance as indicated by a longer time to turbidity breakthrough. In general, when working
effectively, FAP will provide a longer period of stable FW turbidity but with more rapid headloss
accumulation. Optimize the FAP type (if necessary) and FAP dose through a series of filter runs at a
single filter loading rate such as 5 or 6 gpm/sf. Continue adjusting the FAP dose in small increments until
terminal headloss occurs while FW turbidity is still low and stable. If it appears that filter aid polymer is
necessary and improves performance, then filter aid polymer addition will become a regular part of the
optimized treatment train for subsequent operation.

Following these filter runs, the time will be ideal for any adjustments to the initial filter media
configuration. If filtered water turbidity is not as low as desired, smaller effective size filter media could
be installed. If headloss accumulation rates are too rapid and turbidity is acceptable, larger effective size
filter media could be installed. Changes in filter media will re-set the clock regarding acclimation of
media for thallium removal, so changes should be made only if truly necessary.

These tests are intended to establish a baseline for treatment process performance for turbidity and
metals removal. Throughout this time frame, the thallium removal of the pyrolusite filter and the dual
media filter will be evaluated. Results will be compared for the two filter media configurations in terms
of performance for manganese and thallium removal.

Throughout the initial operating period for Task 2, the pilot operators will download and transfer data to
databases of water quality and operational performance data. During testing in the initial operating
period of Task 2, a weekly summary briefing will be prepared by the pilot operators each week to briefly
summarize the testing activities from the previous week. These weekly summaries will be used by the
full team to guide the direction of pilot testing. The summary briefing will be distributed no later than
close of business on Tuesday of each week. Weekly conference calls will be held to discuss the direction
of testing. Water quality changes, source waters tested, key tasks completed, early indications of key
results, and a look-ahead plan for the coming week will be included in the discussion

Jar Testing to Assess Polymer Addition

During Task 2, jar tests will be performed using a six-jar test apparatus relocated from the Quinns
Junction WTP laboratory area. Prior to jar testing, a basic jar test protocol will be developed. For all jar
tests, for each jar, supernatant will be analyzed for settled water turbidity, ultraviolet absorbance at 254
nanometers (UVA), pH, and other parameters if indicated. Jar tests will be performed either on raw
water samples or pre-oxidized and/or pH adjusted samples. The same parameters (turbidity, UVA, pH)
will be analyzed in the “raw” water used for jar testing.

During Task 2, jar testing will be conducted to evaluate the use of a coagulant aid polymer in the
clarification process. Two of the major polymer representatives will be asked to provide polymers that
are expected to work well in the tunnel source waters.

For the jar testing, a systematic test approach is recommended in which one jar test (six jars) is tested
with a single ferric chloride dose of 5 mg/L. For these tests, pre-oxidized/pH adjusted Spiro water (or
blended water) can be used as the source water. One jar will be dosed with ferric chloride and no
polymer. With the other five jars, the candidate coagulant aid polymer will be tested at up to five
polymer doses. The jar test should then be repeated with an additional coagulant aid polymer.
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From the results, compare the water quality and floc formation with ferric chloride alone versus the best
performing polymer type and dose. If necessary, perform follow-up tests. If the jar test results show
similar settled water turbidity and UVA with and without polymer, then no coagulant aid polymer will be
used in subsequent tests. If floc formation and settled water turbidity and UVA are improved with
polymer addition, then polymer addition will be tested in the pilot plant. Optimization should be
performed at pilot-scale to confirm the polymer type and dose, and then once settled water turbidity
(and filter performance) meet the study goals, metals removal should be confirmed.

It should be noted that polymer addition is frequently employed to achieve good settled water quality at
reduced coagulant dose. If the settled water quality is consistently less than 2.0 NTU without polymer
addition, then there may be no compelling reason to use polymer at this facility.

Additional jar testing is recommended to augment pilot testing as necessary to make adjustments for
changes in raw water quality. The same jar test should be repeated with Judge water. If the pilot plant
operation results in difficulty meeting water quality and operational performance goals at any time
during testing, jar testing will allow rapid assessment of changes in chemical doses.

Task 2 Conclusions

The results will be documented at the end of the Task 2 testing period. As noted previously, the intent is

to establish a baseline for treatment performance for turbidity and metals removal. At the end of Task 2,
the pilot operators will develop brief, concise documentation of the recommended treatment conditions
and baseline performance with the underlying goal of detailing key information for design decisions and

key findings from pilot activities.

Task 2 Decision Point: Establish treatment operating conditions that work effectively for turbidity
removal, metals removal, and unit process performance with Spiro water for subsequent testing.

Task 3 —Treatment for Metals Removal
Duration: 5 weeks (May 9 through June 12)
Source Water: Spiro Tunnel Water, Judge Tunnel water, and blended water, as indicated

Objective: Confirm the optimum pH and chemical doses for metals removal (and distribution system
water quality).

Throughout Task 3, using the protocols developed in Task 2, the pilot operators will download and
transfer data to databases of water quality and operational performance data. During testing for Task 3,
a weekly summary briefing will be prepared by the pilot operators each week to briefly summarize the
testing activities from the previous week. These weekly summaries will be used by the full team to guide
the direction of pilot testing. The summary briefing will be distributed no later than close of business on
Tuesday of each week. Weekly conference calls will be held to discuss the direction of testing. Water
quality changes, source waters tested, key tasks completed, early indications of key results, and a look-
ahead plan for the coming week will be included in the discussion.

Conduct Steady-State Operations

For the first week of Task 3, consecutive tests will be run using Spiro water to evaluate performance and
confirm pre-oxidation conditions and the best coagulant dose and pH for metals removal based on
metals grab sampling. Consistent with Task 2, treatment conditions must also provide settled water
turbidity less than 2.0 NTU. As was the case in Task 2, it is assumed that the pre-oxidant dose will be
sufficiently high to carry through the filters.
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For the testing with Spiro water alone, testing will generate data to evaluate the performance of
granular media filters at different filter loading rates using two filters with anthracite/sand media and
two filters with pyrolusite media. During this week, testing will evaluate higher filter loading rates (e.g.,
8 to 10 gpm/sf). The typical filter performance parameters (FW turbidity, UFRV, maturation volume,
headloss accumulation, and reason for filter run termination) will be monitored throughout this phase
and compared to results at lower filter loading rates from Task 2.

Additionally, at the end of this time frame, the thallium removal of the pyrolusite filter and the dual
media filter will be evaluated. At this time, there will have been six weeks of operations to compare the
two filter media configurations in terms of performance for manganese and thallium removal.

For the next two weeks, repeat the above tests with Judge water alone. It should be noted that some
adjustments to chemical doses and optimum treatment conditions to maintain settled water turbidity
less than 2.0 NTU may be required. In the first filter runs with Judge water, refer to the FAP testing
described under Task 2 and repeat this testing if necessary.

Once upstream treatment conditions and FAP conditions have been confirmed, operate each filter
column at filter loading rates of 5, 6, 8, and possibly 10 gpm/sf and complete entire filter runs. If
possible, two filter runs will be completed at each filter loading rate. At each filter loading rate, record
clean bed headloss and underdrain headloss. By operating the two parallel filter columns at the same
rate, duplicate filter run results will be obtained for each filter loading rate. For each filter run, collect
samples from each filter during a period of stable operation for metals and other analyses per Table 5.

In the final two weeks of Task 3, use a blend of Spiro and Judge water for testing. It is recommended
that the blend ratio be approximately 2:1 Spiro-to-Judge water because Spiro water flows at higher rates
than Judge water. By this time, the previous testing should have identified the optimum treatment
conditions for each water by itself, and the optimum treatment conditions for the source water blend
will be approximated from these results. Filter runs will be conducted at the highest rate that worked
effectively for both source waters and met PCMC goals. Consecutive filter runs will be conducted for the
remainder of the Task 3 test period.

Before starting Task 4, it will be necessary to install the adsorptive media in the four columns. Installing
the adsorptive media will be similar to installing the filter media, and each column should be thoroughly
backwashed in preparation for operation, along with any other preparatory steps such as chlorination.
Media will be loaded based on supplier recommendations. Adsorptive media should be installed during
Task 3, and during the tests with the blended source water in the last two weeks of Task 3, flow will be
introduced to each post-filter adsorption column. After four hours, each column will be sampled for
turbidity, pH, and UVA. Once results confirm acceptable water quality, a sample from each column’s
effluent will be collected for metals analyses. These results will be turned around as rapidly as possible
and then used to confirm the full pilot treatment train is ready for the first whole effluent toxicity test in
Task 4. The adsorber columns will be operated from this point forward.

Conduct Supplemental Tests

During Task 3, two types of supplemental tests will be performed: solids dewaterability testing and
finished water stabilization testing. Each test is described in the following sections.

Perform Initial Solids Dewaterability Testing

The volume of solids produced, and the corresponding settleability and dewaterability of the solids,
represent important considerations for the treatment process. During Task 3 of the pilot study, the pilot
operators will perform initial basic experiments to gather data on solids production and solids
characteristics for the conventional treatment train. It is recommended that clarifier waste solids be
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collected once during Task 3 for each water alone. Subsequent solids testing will be conducted from the
combined sources in Task 5 for additional solids testing. The information gathered from this task will be
used to estimate solids quantities by water source.

To conduct these solids tests, 5-gallon buckets of solids will be collected from the clarifier waste stream.
For these tests, physical observations regarding solids settling will be recorded over time (30 minutes
and 1, 2, 4, 24, and 72 hours), and photographs will be taken. Periodic manual decants will be conducted
to assist in estimating dewaterability. Following decanting, thickened solids will be evaluated to assess
the metals concentration in the solids.

Finished Water Stabilization Testing

During the testing with each individual tunnel water, samples of filter effluent from each type of
adsorber column (e.g., granular titanium oxide media; iron-oxide media) will be collected for finished
water stabilization testing. For these tests, acid or base will be added at bench-scale as appropriate to
determine chemical doses necessary for PCMC's target finished water chemistry. At this time, chemical
doses will be added to achieve pH and alkalinity that correspond to near-zero calcium carbonate
precipitation potential. These bench-scale tests will be conducted twice with each water during Task 3.

Disinfection By-Product Simulated Distribution System and Chlorine Demand/Decay Testing

Once effective treatment is provided for the blended source waters in the fifth week of Task 3, a
disinfection by-product (DBP) simulated distribution system test (SDS) may be completed. A chlorine
demand and decay test will also be completed. For this test, samples of water will be chlorinated with
chlorine doses of 2 to 4 mg/L, adjusted to the finished water pH, alkalinity, and CCPP goals, and held for
contact times of 4, 24, 72, and 120 hours. At the end of the contact time, each sample will be analyzed
for final chlorine residual. The DBP test will be conducted only if TOC increases to levels of 1.0 mg/L or
higher at any time in either of the two raw water sources. If so, the DBP test will be conducted along
with the chlorine demand/decay tests, and samples will be sent to an off-site laboratory for analyses for
trihalomethanes and haloacetic acids (suite of nine).

Task 3 Conclusions

As noted previously, the intent of Task 3 is to confirm the optimum pH and chemical doses for metals
removal (and distribution system water quality) for each source water and for the combined source
water. Task 3 will provide the key information on the metals removal capability of the treatment train
for both drinking water MCLs and stream discharge limits.

Task 3 Decision Point: Determine optimum treatment conditions for turbidity removal, metals
removal, and unit process performance for subsequent testing including possible pH adjustment.

Task 4 —Challenge Testing and WET Test #1
Duration: 4 weeks (June 13 through July 10)

Source Water: Blend of Judge and Spiro Tunnel Water (2:1 ratio of Spiro to Judge water)

Objective: Treat blended water for whole effluent toxicity (WET) Test #1 during a spring period of
potentially higher flow. Evaluate the robustness of each treatment train during periods of miner activity,
adverse water quality, and other challenging conditions.

Throughout Task 4, using the protocols developed in Task 2, the pilot operators will download and
transfer data to databases of water quality and operational performance data. During testing for Task 4,
a weekly summary briefing will be prepared by the pilot operators each week to briefly summarize the
testing activities from the previous week. These weekly summaries will be used by the full team to guide
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the direction of pilot testing. The summary briefing will be distributed no later than close of business on
Tuesday of each week. Weekly conference calls will be held to discuss the direction of testing. Water
quality changes, source waters tested, key tasks completed, early indications of key results, and a look-
ahead plan for the coming week will be included in the discussion.

Whole Effluent Toxicity Test #1

Throughout Task 4, the full pilot plant will be operated at optimized treatment conditions to provide
representative water quality. With the adsorption media installed during Task 3, and after the metals
results are available to confirm treated water quality, whole effluent toxicity (WET) Test #1 will be
conducted. During the pilot study, two WET tests are required per the SCO agreements, with tests to be
conducted during a fall periods of normal flow (Task 5) and during a spring period of potentially elevated
flow. Given the anticipated timing of Task 3, it is assumed that the WET test during a period of elevated
flow conditions will be conducted first.

One week prior to WET Test #1, CH2M will prepare and distribute a brief protocol for the WET test. This
protocol will detail test logistics, sample volumes, and testing approaches. The WET test will be
conducted using the Metsorb column unless the team agrees to use a different column based on cost
analyses completed by CH2M or based on the results from the tests at the end of Task 3. For this test,
the Metsorb column will be operated for at least 24 hours before sampling for the WET test. The WET
test will be conducted with blended Spiro and Judge water at a presumed blend of 2:1 Spiro-to-Judge.
Although raw water testing is not noted in the SCO documents, if it is required, raw water testing will be
included in the test protocol.

For planning purposes, it is assumed that the elevated flow WET test will be conducted during the first
week of Task 4. Following the initial WET test, testing will shift to conducting pilot plant operations
through the challenge testing period for the remainder of the four-week time period.

The results of the first WET test will be available prior to conducting the second WET test during Task 5.
If the test is not passed, adjustments to the treatment conditions may be required. Upon receiving the
results of the first WET test, the team will convene via a conference call to discuss the results and
possible adjustments if required.

Conduct Pilot Plant Operations through Challenge Testing Period

For these tests, challenge testing will be conducted with miner activity in the tunnels to simulate
adverse water quality, if possible. If it is possible to schedule miner activity, the source water will consist
of only the tunnel water that will be affected. For these tests, all four adsorber columns will be operated
continuously. Sampling frequencies may be altered to obtain the best possible data on treatment
performance during these times. Additionally, jar tests and/or rapid treatment adjustments may be
necessary to achieve treatment goals.

Testing for this task will also include challenge testing to assess the robustness and resiliency of the full
treatment process. These tests will consist of simulating rapid flow changes and other challenging
conditions. For these tests, a blend of 2:1 Spiro-to-Judge water will be used. Sampling will be conducted
at the midpoint of each column and in each column’s effluent.

For these tests, full-scale WTP operator input should be solicited to identify events that are likely to
occur at full-scale and jeopardize stable plant performance. The identified events should be mimicked at
pilot-scale to the extent possible. Prior to this time, PCMC staff and operators will be consulted to
identify the most representative challenge tests for the pilot plant. In the testing schedule, two weeks
have been reserved for testing at the pilot plant to simulate potential events, such as the following:
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e Sudden changes in filter loading rate (e.g., ramp up from 5 to 8 gpm/sf during a filter run, ramp back
down to 5 gpm/sf)

e Take one chemical system off-line for a period of time (e.g., 15 to 30 minutes without polymer)
e Sudden changes in floc/sed flowrate
e Other emergency operating scenarios identified by WTP operators

The future full-scale treatment facility is likely to be operated with changing production rates, so
changes in filter loading rates during the course of filter runs will be likely. It is recommended that
several different tests be performed during the two weeks to evaluate the impacts of changes in filter
loading rates, and to allow the resiliency of treatment performance at different loading rates to be
assessed.

Task 4 Conclusions

As noted previously, the objectives of Task 4 are to treat water for whole effluent toxicity tests with
each water, at a period of normal flow and a period of higher flow from each tunnel, and to evaluate the
robustness of each treatment train during periods of miner activity, adverse water quality, and other
challenging conditions. Adjustments to the treatment conditions will be made throughout Task 4 as
required.

Task 4 Decision Point: Make adjustments to the previously-determined optimum treatment conditions
for turbidity removal, metals removal, and unit process performance if needed based on the results of
the first whole effluent toxicity test and challenge testing.

Task 5—Adsorber Life to Assess Exhaustion and WET Test #2
Duration: Up to 20 weeks (July 11 through November 25, pending possible earlier stop)

Source Water: Blend of Judge and Spiro Tunnel Water (2:1 ratio of Spiro to Judge water)

Objective: Run upstream steady state conditions and evaluate adsorber media to predict exhaustion for
antimony removal. Treat blended water for WET Test #2 during a fall period of normal flow.

Throughout Task 5, using the protocols developed in Task 2, the pilot operators will download and
transfer data to databases of water quality and operational performance data. During testing for Task 5,
a bi-weekly summary briefing will be prepared by the pilot operators to briefly summarize the testing
activities from the previous week. These bi-weekly summaries will be used by the full team to guide the
direction of pilot testing. The summary briefing will be distributed no later than close of business on
Wednesday of every other week. Weekly (or bi-weekly) conference calls will also be held to discuss the
direction of testing. Water quality changes, key tasks completed, early indications of key results, and a
look-ahead plan for the coming week will be included in the discussion.

Adsorber Life to Assess Exhaustion

Task 5 of pilot testing will be the longest duration testing phase, and the objective will be to generate
data on adsorber media life to exhaustion through extended post-filter contact with the adsorptive
media columns. To do this, it will be necessary to maintain upstream steady state treatment conditions.
The overall goal of Task 5 will be to determine the best adsorber(s) based on metals removal, potential
pH adjustment needs, media life, and lifecycle cost.

All testing will be conducted with the previously-optimized conditions (pre-oxidation, pH adjustment
steps, coagulant chemicals and doses, FAP addition (if needed), filter loading rate, filter media
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configuration). Task 5 testing will utilize a blend of Judge and Spiro water, with an approximate blend of
2:1 Spiro-to-Judge water at all times. Throughout Task 5, additional data collection, sampling, and
process performance tracking will be completed. Although the focus of Task 5 is on adsorber media life,
Task 5 testing affords an extended opportunity to gather additional data on chemical dosing, process
performance, metals removal, and filter performance. Thus, data collection and sampling will continue
following the same approaches and protocols from previous testing tasks.

A specific filter media configuration and filter loading rate will be selected as the filtered water to be
used in Task 5. During Task 5, one or two of the filter columns can be used in additional tests, with the
filtered water piped out separately from the columns providing water for adsorber testing. For example,
testing could be conducted to assess acclimation time for thallium removal at a different filter loading
rate or with a mix of media, such as pyrolusite and Metsorb (if the properties of the two media products
match up for filtering and backwashing).

Additional treatment chemicals could also be tested in Task 5, such as using carbon dioxide (possibly in
combination with air stripping) for pH reduction in place of sulfuric acid. Prior to Task 5, the steering
committee will weigh in on potential additional chemicals for testing based on life-cycle cost evaluations
of the identified alternatives.

For Task 5, adsorber media will have been installed during Task 3. In Task 4, the adsorptive media will be
used as part of the WET testing, and tracking of bed volumes will have commenced. During Task 5, each
adsorptive media column will be sampled according to the schedule shown in Table 5, incorporating
modifications made as the pilot testing progresses, with samples collected at each column’s midpoint
and in each column’s effluent.

For the columns being tested at reduced pH, pH will be adjusted using acid to achieve the desired pH
target in the adsorber column influent. Preliminarily, based on WQTS’ recommendation and
manufacturer input, the target pH will be 6.5. Because the treated water will require base addition to
achieve the target pH, alkalinity, and calcium carbonate precipitation potential (CCPP), O&M cost will be
reduced if the pH target for adsorption can be increased without sacrificing adsorber performance. The
other two columns will be tested at the desired pH for finished water quality entering the distribution
system, and results will be compared as part of a lifecycle cost comparison to ultimately determine the
optimum pH for adsorber operation.

Data entry and tracking for the adsorption columns will focus on generating graphs of metals removal
over the number of bed volumes treated for each media type and each EBCT. Due to the extensive time
required to run each column until target metals concentrations increase to the stream discharge limits
and/or drinking water MCLs, the data generated will be assessed to validate that metals removal vs. bed
volume relationships are approximately linear. If linear relationships are demonstrated (or another
predictable shape of curve is demonstrated), the time to conclude Task 5 can be determined. As a
worst-case, it has been assumed that Task 5 will continue for a maximum of 20 weeks.

It is not anticipated that the adsorptive media columns will require backwashing during Task 5.
However, based on operator observations, the columns may be backwashed if it appears necessary due
to headloss accumulation, media appearance, or the measured media depth (media compaction). At the
end of Task 5, the media will be backwashed and sampled to allow an assessment of backwash waste
water quality.

Once the test is concluded, each media column will be subjected to no flow for at least 72 hours, and
then with flow resumed, samples of the initial effluent will be collected to assess if metals leaching from
the media is occurring.
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Whole Effluent Toxicity Test #2

During Task 5, the second WET test will be conducted during a fall period of normal flow. WET Test #2
will follow the same brief protocol from WET Test #1. WET Test #2 will again be conducted with blended
Spiro and Judge water at a presumed blend of 2:1 Spiro-to-Judge. Although raw water testing is not
noted in the SCO documents, if it is required, raw water testing will be included in the test protocol.

Perform Additional Solids Dewaterability Testing

During Task 5, additional solids dewaterability testing will be conducted to build on the results from Task
3 of the pilot study. For this task, the pilot operators will perform additional basic experiments to gather
data on solids production and solids characteristics for the conventional treatment train. It is
recommended that clarifier waste solids be collected on at least three occasions during Task 5 testing
with the blended water.

To conduct these solids tests, 5-gallon buckets of solids will be collected from the clarifier waste stream.
For these tests, physical observations regarding solids settling will be recorded over time (30 minutes
and 1, 2, 4, 24, and 72 hours), and photographs will be taken. Periodic manual decants will be conducted
to assist in estimating dewaterability. Following decanting, thickened solids will be evaluated to assess
the metals concentration in the solids and to confirm disposal to a municipal landfill. Tests may be
conducted with the residuals to verify that the solids pass the toxicity characteristic leaching potential
(TCLP) test. Settled solids samples may also be sent to a manufacturer of mechanical dewatering
equipment (e.g., Andritz) for testing from one of the tests as well.

Finished Water Stabilization Testing

During this task, samples of effluent from each type of adsorber column (e.g., granular titanium oxide
media; iron-oxide media) will be collected for finished water stabilization testing. For these tests, acid or
base will be added at bench-scale as appropriate to determine chemical doses necessary for PCMC’s
target finished water chemistry. At this time, chemical doses will be added to achieve pH and alkalinity
that correspond to near-zero calcium carbonate precipitation potential. These bench-scale tests will be
repeated at least times during Task 5.

Disinfection By-Product Simulated Distribution System and Chlorine Demand/Decay Testing

During Task 5, chlorine demand/decay tests will be conducted on at least two occasions. In addition, SDS
DBP tests should also be completed if an SDS DBP test was previously conducted during Task 3. Refer to
Task 3 for an overview of these tests.

Decision Point: Determine best adsorber(s) based on metals removal, potential pH adjustment needs,
media life, and lifecycle cost.
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Preliminary Pilot Testing Schedule

A preliminary schedule for pilot testing has been developed, as presented in Figure 2. From experience
on other pilot studies, it is likely that the actual results achieved and other unexpected events will result
in adjustments to the testing schedule. The purpose of this preliminary schedule is to present the
general path forward for testing, and to ensure that the overall scope of testing is consistent with the
time allotted.

Figure 2: Preliminary Pilot Testing Schedule

Testing Duration. The detailed, task-by-task plan for pilot testing was shown in Table ES-2. As shown,
the pilot study includes 2 weeks of setup and installation, followed by 5 weeks of initial operations,
beginning April 4, to calibrate equipment, establish treatment conditions, and get the “kinks” out (Task
2). This will be followed by 5 weeks of steady-state testing with frequent sampling to demonstrate
metals removal performance and finished water quality (Task 3). Following Task 3, Task 4 will include
whole effluent toxicity testing conducted twice (normal flow and high flow conditions) with each water,
and then challenge testing. These testing tasks will be operationally intensive.

Following Task 4, pilot testing will shift to an extended period of testing under consistent treatment
conditions to enable prediction of adsorbent life. The duration of adsorbent testing is expected to range
from a minimum of 10 weeks to a longer period of time, depending on adsorbent performance. If
adsorbent life extends toward the upper end of expectations, there will be a point of diminishing returns
for continuing to test.

Water Quality Testing

Table 5 indicates the preliminary sampling schedule for the last four weeks of Task 2. The information
shown in Table 5 includes the responsible party for each parameter, as well as the expected sampling
frequency during the planned pilot testing. The testing shown in Table 5 has also been tabulated with
quantities of each analysis and additional information as shown in Table A-1 in Attachment A.

As the pilot study transitions to Task 3: Metals Testing, Task 4: Challenge Testing and WET Test #1, and
Task 5: Adsorber Life to Assess Exhaustion and WET Test #2, the sampling schedule will be discussed and
evaluated with the team, and modifications will be made to balance the usefulness of the data and the
cost and operational burden of sampling and analysis.

Sampling for each phase will designed to support the objectives of each phase:
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e Task 2: Collect baseline raw water metals and water quality. Evaluate thallium and manganese
removal with pyrolusite versus anthracite/sand dual media filters.

e Task 3: Demonstrate metals removal for permitted metals in Spiro, Judge, and blended water.
Focus on raw, settled, and filtered water from pyrolusite and anthracite/sand filter columns.
Sampling for laboratory analysis is expected to occur approximately 3 days each week.

e Task 4: Run the full pilot train (including adsorption) treatment. Obtain data for raw, settled,
filtered, and post adsorption for regulated metals in the Spiro, Judge, and blended water.
Sampling for laboratory analysis is expected to occur approximately 3 days each week.

o Task 5: Testing to assess the life of adsorption media. Sampling for laboratory analysis is
expected to occur approximately once each week.

Several parameters will be evaluated as part of this pilot testing effort. A summary of the various metals
to be measured is included in Table 6. Where appropriate, the field testing method is identified. The
anticipated analytical methods are highlighted as recommended, with alternate methods also
designated.
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Table 5: Monitoring and Sampling Matrix for Routine Pilot Plant Operations (Task 2, First Four Weeks of Operation)

Parameter Raw Water Oxidized Settled Water Filtered Water Post Filt/ Monitoring Method
Water Adsorption
Flowrate Judge and Spiro Continuous Continuous Continuous Continuous (each filter) Off Line SCADA
Chemical Doses - Continuous Continuous - Off Line SCADA + Pilot Operator
Headloss - - - Continuous (each Off Line SCADA
filter)
Turbidity Continuous + 2/day for - Continuous Continuous + 1/day Off Line SCADA + Pilot Operator
both Judge and Spiro +2/day (each filter)
Water Temperature - - Continuous - Off Line SCADA + Pilot Operator
+1/day
pH 1/day for both Judge and Continuous + Continuous + - Off Line SCADA + Pilot Operator
Spiro 1/day 1/day
ORP (see note a) 1/day for both Judge and Continuous + Continuous + - Off Line SCADA + Pilot Operator
Spiro 1/day 1/day
Alkalinity (see note a) 2/week both Judge and - 1/day - Off Line Pilot Operator
Spiro
Hardness (see note a) 1/day both for Judge and - - - Off Line Pilot Operator
Spiro
UV Absorbance 1/week both Judge and - 1/week 1/week (each filter) Off Line Pilot Operator
Spiro
TOC/DOC (see note a) 1/week both Judge and - 1/week 1/week (each filter) Off Line PCMC’s Outside Laboratory
Spiro
Chlorine Residual - 2/day 2/day 1/day (each filter) Off Line Pilot Operator
MBAS 1/pilot both Judge and - - - Off Line PCMC'’s Outside Laboratory
Spiro
Gross Alpha 1/pilot both Judge and - - - Off Line PCMC'’s Outside Laboratory
Spiro
Gross Beta 1/pilot both Judge and - - - Off Line PCMC'’s Outside Laboratory
Spiro
Aluminum (Al) 1/week both Judge and - 1/week (Grab) 1/week (Grab) each filter Off Line Pilot Operator and PCMC’s Outside
Total and Dissolved Spiro (Grab) 1/month (Lab) 1/month (Lab) each filter Laboratory
1/month both Judge and
Spiro (Lab)
Antimony (Sb) 3/week both Judge and - 3/week 1/filter run Off Line PCMC’s Outside Laboratory
Total and Dissolved Spiro (each filter)
Arsenic (As) 3/week both Judge and - 3/week 1/filter run (each filter) Off Line PCMC’s Outside Laboratory
Total and Dissolved Spiro
Cadmium (Cd) 4/week both Judge and - 4/week (Grab- 4/ week (Grab- Total only) Off Line Pilot Operator and PCMC’s Outside
Total and Dissolved Spiro (Grab) Total only) 2/week (Lab) Laboratory
2/week both Judge and 2/week (Lab)
Spiro (Lab)
Iron (Fe) 4/week both Judge and - 4/week (Grab- 4/ week (Grab Total Only) Off Line Pilot Operator and PCMC’s Outside
Total and Dissolved Spiro (Grab) Total Only) 2/week (Lab) Laboratory
2/week both Judge and 2/week (Lab)
Spiro (Lab)
Lead (Pb) 4/week both Judge and - 4/week (Grab- 4/ week (Grab- Total only) Off Line Pilot Operator and PCMC’s Outside
Total and Dissolved Spiro (Grab) Total only) 2/week (Lab) Laboratory
2/week both Judge and 2/week (Lab)
Spiro (Lab)
Manganese (Mn) 4/week both Judge and - 4/week (Grab- 4/ week (Grab- Total only) Off Line Pilot Operator and PCMC’s Outside
Total and Dissolved Spiro (Grab) Total only) 2/week (Lab) Laboratory
2/week both Judge and 2/week (Lab)
Spiro (Lab)
Mercury(Hg) (note a) 1/week both Judge and - 1/week 1/week (each filter) Off Line PCMC’s Outside Laboratory
Total and Dissolved Spiro
Selenium (Se) 1/week both Judge and - 1/week 1/week (each filter) Off Line PCMC’s Outside Laboratory
Total and Dissolved Spiro
Thallium (T1) (note a) 3/week both Judge and 1/week 3/week 1/filter run (each filter) Off Line PCMC’s Outside Laboratory
Total and Dissolved Spiro
Zinc (Zn) 1/day both Judge and Spiro - 1/day (Grab) 1/day (Grab) Off Line Pilot Operator and PCMC’s Outside
Total and Dissolved (Grab) 2/week (Lab) 2/week (Lab) Laboratory
2/week both Judge and
Spiro (Lab)

Note a: Sample frequency will be reduced if frequency results are highly consistent
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Manganese (Mn) SMCL Recommended HACH 8149 (PAN): 6 — 700 pg/L HACH DR Spectrophotometer, Manganese Reagent Set: Alkaline Cyanide Reagent, EPA 200.7 (ICP):
Ascorbic Acid Powder Pillow, PAN Indicator Solution MRL 10.0 pg/L
MDL 0.73 ug/L

EPA 200.8 (ICP-MS):
MRL 0.50 pg/L
MDL 0.025 pg/L
Mercury 0.012 pg/L Recommended None None E1631:
(Hg) MRL 1.0 ng/L (0.001 pg/L)
MDL 0.2 ng/L (0.0002 pg/L)
Selenium (Se) 4.6 ug/L Alternate None None EPA 200.7 (ICP):
MRL 30.0 pg/L
MDL 10.5 pg/L

Recommended EPA 200.8 (ICP-MS):
MRL 0.50 pg/L
MDL 0.069 pg/L
Thallium (TI) 0.24 pg/L Alternate None None EPA 200.7 (ICP):
MRL 20.0 pg/L
MDL 3.39 pg/L

Recommended EPA 200.8 (ICP-MS):
MRL 0.20 pg/L
MDL 0.013 pg/L
Zinc (Zn) 198 pg/L Recommended HACH 8009 (Zincon): 10 — 3,000 HACH DR Spectrophotometer, Zinc Reagent Set: Cyclohexanone, ZincoVer® 5 Reagent  EPA 200.7 (ICP):
pg/L Powder Pillow MRL 20.0 pg/L
MDL 1.78 ug/L

Alternate EPA 200.8 (ICP-MS):
MRL 10.0 pg/L
MDL 2.50 pg/L

Notes

MRL = Method Reporting Limit
MDL = Method Detection Limit
Lab Method MRLs and MDLs are laboratory dependent, values in the table are for CH2M ASL
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Pilot Plant Equipment

Flowrates of approximately 10 gallons per minute (gpm) will be conveyed to the pilot plant influent
connection from both the Judge and Spiro Tunnels. Raw water connections will be provided for both
sources with the ability to measure and set the desired flow into the pilot. The Judge flow is assumed to
be available at sufficient pressure (>20 pounds per square inch) and quantity (10 gpm) such that
pumping to the pilot plant is not necessary. Flow from the Spiro Bulkhead and Portal are combined in
the raw water wet well at the Spiro WTP. Spiro flow will be a blend of the two sources and historic water
quality data has indicated that both sources have similar water quality. Spiro flow to the pilot will be
pumped from the wet well to provide water at sufficient pressure (>20 pounds per square inch) and
quantity (10 gpm). A duty and standby sump pump will be provided.

Flow control to the pilot plant will be accomplished using manual flow control valves with continuous
flowrate monitoring at the Oxidation and Flow Split Skid. The valve configuration will be such that
operators can open a Raw-Water-To-Waste valve to keep velocities higher in the raw water pipeline.
Flow to the process will be controlled through a manual throttling valve and magnetic flow meter. The
flow rate from each water source will be continuously recorded through the SCADA system. The
downstream flow will be limited by the S100 Unit.

Judge and Spiro water will be combined at the Oxidation and Flow Split Skid, allowing for the treating of
100% Spiro water, 100% Judge water, or any desired blend of the two waters. Additionally, sodium
hypochlorite (pre-oxidation) and sodium hydroxide (pH adjustment) will be added on this skid. The
target flow rate for this skid will be 7.0 gpm. There will be a standpipe with an overflow that feeds the
$100 skid integral to the skid. Flow in excess of the 6.2 gpm S100 design flow, will be wasted to the
drain.

Minimal flows from the pilot plant will be discharged to the sanitary sewer for disposal. Calculations of
sewer flows and loadings are summarized in Attachment B of this document in Table B-1.

Chemical Feed Systems

Sodium hypochlorite will be added at the Oxidation and Flow Split Skid. The chlorine chemical skid will
be located adjacent to this skid. As shown in Table 7, the chemical pump rate available is 0.02 gpd to
47.5 gpd. At a process flowrate of 7 gpm, and assuming a 12.5% hypochlorite solution, dose ranges of
0.2 mg/L to values much higher than will ever be needed (i.e., 711 mg/L) will be possible at the pilot. The
initial target dose will be 2 mg/L. This dose will provide oxidation to improve metals removal (e.g.,
change the valence state of arsenic so it absorbs to ferric particles and is removed).

This dose will be adjusted by the pilot plant operators as needed based on daily samples of chlorine
residual in the oxidized water, settled water, and filtered water. The intent is that a measured free
chlorine residual of 0.5 mg/L (+/- 0.2 mg/L) will typically be present in the filter effluent.
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Table 7: Sodium Hypochlorite Dosing

Oxidation Flow Rate (gpm) 7 gpm

Percent Active Chemical (%) 12.5 | Active Dose (mg/L) 2 mg/L

Sodium Specific Gravity 1.2 | Active Needed (Ibs/day) 0.17

Hypochlorite Product Needed (gal/day) 0.13
(NaOcCl)

Product Needed (gal/week) 0.94

Chem Storage 7 gal Chem Refill Frequency 52d

Min Pump Flow 0.02gpd | Min Active dose possible 0.2 mg/L

Max Pump Flow 47.5 gpd Max Active dose possible 711 mg/L

Sodium Hydroxide will also be added at the Oxidation and Flow Split Skid, using a separate chemical

system adjacent to the skid. As shown in Table 8, the chemical pump rate available is 0.02 gpd to 47.5
gpd. At a process flowrate of 7 gpm, and assuming a 50% sodium hydroxide solution, dose ranges of 1.2
mg/L to values much higher than will ever be needed (i.e., 3,647 mg/L) will be possible at the pilot. The
initial target dose will be 2 mg/L based on WQTS bench testing results. The sodium hydroxide dose will
be automatically modulated to hit a target pH based on a pH probe located after the static mixer on the
Oxidation and Flow Split skid, as shown in the pilot plant process flow diagram (Figure 1). The initial pH
will setpoint be 9.0, but it may be modified during pilot testing.

Table 8: Sodium Hydroxide Dosing

Oxidation Flow Rate (gpm) 7 gpm

Percent Active Chemical (%) 50 | Active Dose (mg/L) 23 mg/L

Sodium Specific Gravity 1.54 | Active Needed (Ibs/day) 1.92

Hydroxide Product Needed (gal/day) 0.30
(NaOH)

Product Needed (gal/week) 2.10

Chem Storage 7 gal Chem Refill Frequency 23d

Min Pump Flow 0.02gpd | Min Active dose possible 1.2 mg/L

Max Pump Flow 47.5 gpd Max Active dose possible 3647 mg/L

Following chlorination and oxidation, the flow will continue to the S100 skid. S100 includes rapid
mix/flocculation/sedimentation, with 3-stage flocculation, flocculation time from 30 to 45 minutes
(depending on flowrate), and variable speed flocculation mixers. Following flocculation, an inclined
lamella plate settling basin is outfitted with a variable number of lamella plates. The S100 unit has the
following design parameters:

e The maximum flow for the S100 unit is 6.2 gpm.

e Rapid Mix Volume: 5 gallons (at 6.2 gpm, 1.3 minutes rapid mix time)

e Floc Basin 1, 2, and 3 Volume: 60 gallons per stage (at 6.2 gpm, 9.7 minutes per stage)

e Sedimentation Basin Volume: 130 gallons (at 6.2 gpm, 21.0 minutes)

e Sedimentation Basin Settling Area: 40.5 sf (at 6.2 gpm there is an effective surface loading rate
of 0.15 gpm/sf assuming all 25 plates are used)

The rapid mix will be set at 500 sec™. The mixers for three stages of flocculation will be set as follows:
Stage 1 at 60 sec’?, Stage 2 at 40 sec’?, Stage 3 at 20 sec™.

The number of lamella plates can be adjusted by removing plates to achieve the desired plate loading
rate. Twelve of the available 25 plates will be removed. With 13 of the available 25 plates being used,
the setting area will be 21.1 square feet and the effective surface loading rate will be 0.29 gpm/sf.
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Five liquid chemical storage containers are located on the skid (S100). Each of these chemical addition
systems have pump with capacity from 0.10 gpd to 25.0 gpd. These chemical systems will be used as
follows:

e Chemical System 1: Ferric Chloride Addition on S100

e Chemical System 2: Coagulant Aid Polymer on S100

e Chemical System 3: Sulfuric Acid Addition at S100 (post settling)/ Filter Aid Polymer
e Chemical System 4: Sulfuric Acid Addition pre-adsorption

e Chemical System 5: Sulfuric Acid Addition pre-adsorption

Each chemical feed system is automatically controlled to maintain the operator-entered dose setpoint.
The sedimentation basin includes a solids removal system that can adjust the frequency and quantity of
solids disposal. Solids will discharge to the sanitary sewer connection at the Spiro WTP. The
sedimentation basin includes an overflow weir to maintain constant level and continuous effluent flow.

Ferric Chloride will be used as the coagulant. At pilot start up, a dose of 20 mg/L (as FeCls) will be used
to condition and seed the sedimentation basin. After approximately three days, the coagulant dose will
be reduced to 5 mg/L. Dilute ferric solutions will be made every other day using DI water if feasible, or
potable water if DI water is not available in sufficient quantities. Initially, a 4% solution will need to be
made on-site in order to use the chemical feed pumps provided on S100. See Table 9 for ferric chloride
dosing information. Ferric levels will be managed such that storage time is limited to 48 hours and max
pump flow is 25 gpd.

Table 9: Ferric Chloride Dosing

Oxidation Flow Rate (gpm) 6.2 gpm
Percent Active Chemical (%) 4 | Active Dose (mg/L) 5 mg/L
Specific Gravity 1.01 | Active Needed (Ibs/day) 0.37
Ferric Chloride
(FeCI3) Product Needed (gal/day) 1.10
Product Needed (gal/week) 7.70
Chem Storage 7 gal Chem Refill Frequency 6.4d
Min Pump Flow 0.10 gpd Min Active dose possible 0.5 mg/L
Max Pump Flow 25.0 gpd Max Active dose possible 113.7 mg/L

A coagulant aid polymer will be selected through jar testing, and used if necessary and/or beneficial, as
described in Task 2.

Sulfuric Acid will be used to lower the pH. There are two points where acid can be added, either post
sedimentation or prior to the adsorption columns. To allow for the greatest flexibility in dose range, two
concentrations of sulfuric acid will be used. Tables 10 and 11 show sulfuric acid dosing information.
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Table 10: Sulfuric Acid Dosing — Post-Sedimentation/Pre-Filtration

Oxidation Flow Rate (gpm) 6.2 gpm
Percent Active Chemical (%) 25 | Active Dose (mg/L) 15.5 mg/L
Specific Gravity 1.18 | Active Needed (Ibs/day) 1.15

Sulfuric Acid
(H2504) Product Needed (gal/day) 0.47
Product Needed (gal/week) 3.27
Chem Storage 7 gal Chem Refill Frequency 15d
Min Pump Flow 0.10 gpd Min Active dose possible 3.3mg/L
Max Pump Flow 25.0 gpd Max Active dose possible 830 mg/L

Table 11: Sulfuric Acid Dosing — Post-Filtration/Pre-Adsorption

Oxidation Flow Rate (gpm) 0.6 gpm
Percent Active Chemical (%) 1 | Active Dose (mg/L) 15.5 mg/L
Specific Gravity 1.007 | Active Needed (lbs/day) 0.111

Sulfuric Acid
(H2504) Product Needed (gal/day) 1.32
Product Needed (gal/week) 9.26
Chem Storage 7 gal Chem Refill Frequency 5.3d
Min Pump Flow 0.10 gpd Min Active dose possible 1.2 mg/L
Max Pump Flow 25.0 gpd Max Active dose possible 293 mg/L

Alternatively, the Sulfuric Acid- Post Sedimentation/ Pre-Filtration pump can also be used for a Filter Aid
Polymer. This polymer will be selected during Task 2.

Pilot Treatment Systems

Following clarification treatment and the overflow weir, 6.2 gpm of settled water will be routed to F300,
the filter skid. The filter skid influent piping will include individual variable speed filter feed pumps for
each of four filter columns that are automatically controlled to maintain an operator-entered filter
loading rate. Each filter column is 6-inches in diameter and can accommodate approximately 6 feet of
filter media depth and a filter loading rate up to 10.2 gpm per square foot (gpm/sf).

The pilot filter skid also includes an automated filter backwash system including air scour, and
backwashing can be initiated manually or automatically based on headloss, turbidity, run-time, or run
volume. Backwash rate and air scour rate regimes can be entered by the operator and automatically
controlled via a PID controller.

Treated water, overflows, analyzer discharge flows, and waste flows from the pilot plant processes will
be collected and routed to the existing Spiro plant drain system.

Potable water for use at the pilot plant will be obtained through a hose connection from a hose bib in
the main process area. The potable water will be used in process washdown, washing labware, and pilot
filter backwashing (when needed at startup).

There are four filter columns on the F300 skid. Both manganese dioxide ore (pyrolusite) and
anthracite/sand dual media filters will be tested. Columns 1 and 2 will be filled with 42-inches of AS741,
manganese dioxide ore, manufactured by American Minerals. This product is NSF certified and a
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commercially available product. Preliminary information indicates an effective size of 0.43 mm and a
uniformity coefficient of 1.56 for the installed pyrolusite.

Columns 3 and 4 will be anthracite/sand dual media filters. A profile of 60-inches of 1.25-1.35 mm e.s.
anthracite (UC <1.4) over 12-inches of 0.55-0.65 mm e.s. sand (UC <1.4) will be installed. The media has
been provided by Xylem-Leopold. This product is NSF certified and a commercially available product.

All media will be soaked in a strong hypochlorite solution (e.g., at least 50 mg/L of chlorine) for at least
12 hours before starting operation of the pilot filters.

Additionally, a dose of 25 mg/L chlorine will be run through the pilot plant prior to start up. Flow will
then be stopped for 24 hours to allow for disinfection of the unit. When flow resumes, chlorine will be
sampled to verify a free chlorine residual of greater than 10 mg/L is present. The pilot plant then will be
flushed for 24 hours using raw water.

Starting in Task 3, four adsorption media columns will be tested. All columns will be 2-inches in diameter
and will be fed with a dedicated peristaltic pump capable of delivering up to 0.12 gpm. All four
adsorption columns will be capable of being fed with a single filter column. The maximum flowrate for a
single filter column is 2.1 gpm.

There will be two independent pH adjustment points on the adsorption skid. With these points, two pH
set points can be used concurrently on the skid. Three adsorption media will be used during the pilot.
The media depth, flow rate, and design empty bed contact time (EBCT) is presented in Table 12.

Table 12: Adsorption Columns and Media Design

Parameter Column 1 Column 2 Column 3 Column 4

Media Name Metsorb TiO2 Metsorb TiO2 GFH Media GFH Media
Media Media

Manufacture Graver Graver Technologies Evoqua Water Evoqua Water
Technologies Technologies Technologies

Column Diameter 2” 2” 2” 2”

Media Depth 36" 36" 36" 36"

Column Flow Rate 0.0612 gpm 0.0612 gpm 0.0612 gpm 0.0612 gpm

EBCT at Bottom of 8 min 8 min 8 min 8 min

Column

EBCT at Midpoint of 4 min 4 min 4 min 4 min

Column

Budgetary Cost per $180- $235 $180- $235 $182 $182

cu ft.

Target pH Distribution pH 6.5 pH Distribution pH 6.5 pH

Additional granular titanium oxide media products were considered for testing, but initial cost quotes
from the media vendors indicated the cost to be nearly twice as high as the Metsorb product. Therefore,
testing a more expensive media was ruled out as not providing useful information for the future full-
scale facility. Instead, identifying the impact of pH was identified as providing more valuable information
for the future full-scale facility.

Process Analyzers, Auto Operation, and Data Recording

Judge and Spiro raw water turbidity will be measured continuously by process analyzers, with data
logging of each turbidity. Immediately preceding the static mixers on the Oxidation and Flow Split skid
(Figure 1), the water will be oxidized and pH adjusted, and thereafter the pH will be analyzed and
logged. On the sedimentation skid, inlet pH, temperature, and turbidity will be recorded as well as
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settled water pH and turbidity. At the filter skid, continuous analyzers will include filter effluent
turbidimeters for each filter. In addition, filter flowrate, headloss, backwash flowrate, and air scour
flowrate will be measured and logged, with on-line measurements of filter column level and backwash
tank level. For the adsorption skid, pH and column flowrates will be recorded.

Each signal will be transmitted to the pilot skid's local control panels (one at each skid) with
programmable logic controllers (PLCs) for data tracking. Remote monitoring and control is possible using
a standard web browser. Email alarm notification can be provided for selected parameters and set
points.

Laboratory Equipment and Supplies

A basic process laboratory will be set up adjacent to the pilot skids for use by the pilot operators to
support pilot testing activities. The laboratory will be outfitted with a new bench-top
spectrophotometer. In addition, a bench-top turbidimeter will be obtained for the pilot plant process
lab, along with sample vials and primary and secondary standards for calibration. A laboratory-quality
thermometer, pH meter and accompanying pH standard solutions, and an alkalinity titration stand will
also be obtained for pilot testing.

For alkalinity titrations, Standard Method 2320 is recommended, with 0.02 N hydrochloric acid using a
burette stand and stir plate. Bromocresol Green Methyl Red indicator is also needed with this method,
along with an alkalinity standard.

The pilot plant laboratory will be outfitted with basic laboratory equipment. Available items will be
brought to the pilot plant from the Quinns Junction WTP (QJWTP) if appropriate. Personal Protection
Equipment (PPE), such as protective eyewear and gloves, as identified in the Health and Safety Plan will
be provided. In the previous draft version of this document, a detailed list was provided of
recommended laboratory equipment to be purchased for the initial month of the pilot study. This
equipment has now been procured.

Prior to the start of pilot testing, the following chemicals will be obtained:

e Ferric chloride coagulant

e Coagulant aid polymer samples
e Sodium hydroxide

e  Sulfuric acid (two strengths)

e Sodium hypochlorite

e Filter aid polymer samples

In all cases, chemicals currently used by PCMC at the Spiro WTP (or QJWTP) will be used for pilot testing
if possible. For ease of use, PCMC operators will transfer smaller batches of chemical (e.g., 5-gallons) to
the pilot plant area as needed or on a regular schedule. Vessels for transferring chemicals will be worked
out on site. For any chemicals that cannot be obtained from PCMC supplies, separate delivery from a
supplier will be arranged prior to the start of pilot testing. The specific gravity, solution strength, percent
active chemical, and/or bulk density will be recorded for each chemical used.

G-38 CH2M HILL ENGINEERS, INC



APPENDIX G — PILOT TESTING PROTOCOL

Staffing

Staffing/Operations. For regular pilot plant operations, after initial operations early in Task 2, the
treatment processes will operate around the clock throughout the testing period. Testing around the
clock will ensure filter runs proceed to termination and the adsorptive media are loaded consistently (in
Task 5), thereby maximizing the value and expediency of testing. Pilot operators will be present on site
during a defined work day (e.g., 8 to 10 hours per day) to make sure the treatment processes run
continuously.

As described herein, for the first 14 weeks of testing (Tasks 2 through 4), a dedicated operations team
committed to keeping the pilot plant in service and producing finished water around the clock will be
required. The success of this phase of testing will be reliant on pilot operators immediately addressing
issues.

The pilot study described herein will require around the clock treatment process operation, with filter
runs continuing overnight and over weekends. On specific holiday weekends or in other special
circumstances, the pilot plant may be shut down for short-term periods of time. Staffing will be during
the normal workday, with occasional longer hours during special circumstances. It is anticipated that at
least one pilot operator will be present seven days per week, full-time during the normal work week and
for at least a couple of hours on weekends. For Tasks 2 through 4, staffing with approximately 2.0 full
time equivalent (FTE) operations staff is planned, with additional assistance from PCMC's licensed
operators. The two dedicated pilot plant operators will consist of one operator from PCMC and one
operator from CH2M. During pilot chartering, a regular weekly schedule will be developed for the
operations staff.

For Task 5, pilot plant operations are expected to be comparatively easier due to consistent treatment
conditions and reduced sampling. It will still be imperative to keep the pilot plant running and producing
water at all times, including weekends. For this task, which will occur over several months, it is
anticipated that PCMC's single full-time operator will operate the pilot plant, with support from PCMC
operations staff.

Throughout pilot testing, there will be a Steering Team, a Logistics Team, a Project Engineer, and an
Operations Team, as follows:

e Steering Team (McClain, De Haan, Najm, Swaim, Davis): Participate in regularly scheduled weekly
one-hour conference calls with Logistics Team during Tasks 2 through 4. Regularly review and
discuss results and focus on ensuring testing goals are being met and identifying needs to course-
correct if necessary.

* Logistics Team (Emerson, Busch): Maintain daily communication with Operations Team. Liaison with
Steering Team. Coordinate pilot installation and commissioning as well as operational logistics
during the pilot study. Provide direction and clarification on executing Steering Team’s plan to
Operations Team as needed.

e  Pilot Study Manager (Emerson). Leads the pilot study and coordination among the teams, and is also
trained and able to operate the pilot plant. Makes sure databases are continuously updated for
access and data review by the Steering Team and the Operations Team. Raises issues for input from
the larger team as needed. Oversees the daily operation of the pilot plant, including the continuous
stocking of needed testing equipment, chemicals, sample bottles, and other consumables.

e Operations Team (Pilot Plant Operators: Goodley and Kunik): With support from the Logistics Team,
execute the Steering Team’s plan. Work towards continuous operations. Perform all sampling,
maintenance, and on-site analytical work to gather the needed data.
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The operations staff at the Spiro WTP, under the direction of Chad Busch, will also be asked to
periodically check in on the pilot plant to make sure nothing out of the ordinary is taking place.

Rules of the Road

Based on experience, there are a few “rules of the road” for pilot operations that should be considered.
These “rules of the road” include the following:

e Keep a daily log book and record observations in the book. Observations should include changes
in water quality, operational difficulties and oddities encountered, trouble-shooting, and
anything else the pilot operator feels is worth noting (e.g., a change in chemical suppliers, major
weather events).

e Change only one variable at a time. If more than one variable is adjusted concurrently, it will not
be possible to determine the impact of the change.

e Allow at least three bed volumes or retention times after making an operational change before
evaluating the impact.

e  Filter backwashing will expand the media bed, and once backwash is completed, the media will
settle. The pilot team will establish a consistent approach to media compaction, using a rubber
mallet, to be implemented as soon as possible after each backwash. One approach that has
correlated well to side-by-side full-scale filter performance is as follows:

0 Measure the media depth with no compaction

0 Using the rubber mallet, lightly tap the side of the filter column repeatedly until no
more media settling/compaction occurs, then measure the media depth.

0 Determine the difference in the two measured depths

0 Develop a protocol, such as three light taps with the mallet, that provides compaction of
the media to approximately 33 percent of this difference. Additionally, the top of the
filter media after 33 percent compaction will be physically marked on the outside of the
filter column with tape to establish the target media depth after each backwash.

e There is no such thing as a dumb observation or dumb question. The best pilot studies are
generated by pilot operators who are inquisitive and who feel empowered to ask questions and
make suggestions based on their intuition.

Reporting

Staying “on top” of pilot testing results as they are generated is essential to a successful pilot study. Pilot
studies produce significant amounts of data, and getting behind on the data analysis will lead to missing
key results and expending extra time trying to catch up. Based on previous experience on water
treatment pilot studies, the pilot team will institute a number of recurring steps for tabulating data,
completing data analysis, reporting out to share observations and results, documenting troubleshooting
efforts, drawing conclusions on results to date, and suggesting course corrections as they may be
needed. Key elements of establishing recurring steps to adhere to this recommendation are as follows:

e Daily data updates and operators log book
o  Weekly reporting
e Data collection and file management

Each of these elements is described in the following sections.
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Daily Data Updates and Operators’ Log Book

The recommendation to set up and maintain an operators’ log book was presented in the prior section
of this document. Prior to the start of the study, an excel workbook will be set up to enter data daily.
The data entry will include raw water quality, settled water quality, and filtered water quality, chemical
types and doses, key operating criteria (e.g., flocculation time, filter loading rate), filter run numbers and
results (UFRV, reason for termination), and headloss information (initial, final, and accumulation rate).
Filter runs will be numbered sequentially throughout the study so they can be tracked. The data file will
be updated daily and backed up to either an external drive or server location.

Weekly Briefings

The pilot team will prepare a weekly briefing and send it out to the broader team no later than close of
business Tuesday of the following week. The weekly briefing will typically include the following
elements:

e Raw water quality summary table

e Description of treatment during the week (e.g., chemicals used and doses, flocculation time, filter
loading rates)

e Summary table of flocculation/sedimentation conditions and settled water quality (turbidity, UVA)
e Filter performance summary including observations and results

e Summary of problems encountered and current status

e Schedule of testing for the upcoming week

With this weekly briefing, information sharing will be maximized, and the potential for surprises will be
reduced. Also, regular data crunching and analysis will be required so no potentially important
observations are missed.

Data Collection and File Management

In addition to the grab sample data, data from the online analyzers will also be tracked and analyzed.
CH2M will work with the pilot equipment supplier to decide on the best approach to grabbing, tracking,
and analyzing the on-line data set.

Data from outside laboratory analyses will be entered into the data file immediately upon receiving the
results.

For the filters, an initial task will be the approach establishing the protocols for reviewing filter data, and
headloss and turbidity performance over the course of the filter run in particular. Downloading the data
into individual excel files for each filter or for each run, and then scrutinizing the data to understand the
patterns of headloss accumulation and turbidity will be essential to understanding filter performance.
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Attachment A

Table A-1: Laboratory Sampling Plan for Task 2

Raw Water Raw Water Oxidized Filtered
(Spiro) (Judge) Water Settled Water Water

Task 2: Pilot Plant Commissioning (4 weeks|4/11-5/8) MRL MDL

Aluminum (Al) | LAB | EPA 200.7 (ICP) 100 pg/L 17.6 ug/L T/D 4 32 1 8 1 8 0 0 1 8 1 8
Antimony (Sb) | LAB | EPA 200.8 (ICP-MS) 0.50 pg/L 0.031 pg/L VA 4 104 3 24 3 24 0 0 3 24 4 32
Arsenic| LAB | EPA 200.8 (ICP-MS) 0.50 pg/L 0.030 pg/L  BRIAY 4 104 3 24 3 24 0 0 3 24 4 32
Cadmium (Cd)| LAB | EPA 200.8 (ICP-MS) 0.50 pg/L 0.030 pg/L  BAVAY 4 80 2 16 2 16 0 0 2 16 4 32
Iron (Fe)| LAB | EPA 200.7 (ICP) 100 pg/L 8.0 ug/L T/D 4 80 2 16 2 16 0 0 2 16 4 32
Lead| LAB | EPA 200.8 (ICP-MS) 0.50 pg/L 0.041 pg/L BV 4 80 2 16 2 16 0 0 2 16 4 32
Manganese (Mn)| LAB | EPA 200.8 (ICP-MS) 0.50 pg/L 0.025 pg/L  BAVAY 4 80 2 16 2 16 0 0 2 16 4 32
Mercury| LAB | EPA 200.8 (ICP-MS) 0.001 pg/L | 0.0002 pg/L I 4 56 1 8 1 0 0 1 4 32
Selenium | LAB | EPA 200.8 (ICP-MS) 0.50 pg/L 0.069 pg/L ALY 4 56 1 1 0 0 1 4 32
Thallium (TI)| LAB | EPA 200.8 (ICP-MS) 0.20 pg/L 0.013 pg/L VAR 3 24 3 24 0 0 3 24 4 32
Zinc (Zn)| LAB | EPA 200.7 (ICP) 20 ug/L 1.780 ug/L A 4 80 2 16 2 16 0 0 2 16 4 32
TOC/DOC | LAB | SM 5310 C 0.50 mg/L 0.20 mg/L 4 2 16 2 16 0 0 2 16 4 32
MBAS | LAB | SM 5540 C 0.08 mg/L 0.03 mg/L 1 1

Gross Alpha | LAB | EPA 900.0 -1 - 1 1

Gross Beta | LAB | EPA 900.0 -1 - 1 1

Notes:

e Allanalyses of Sb, Cd, Mn, Tl, and Zn to be 48-72 hr turnaround time

o All samples to be 1-week turnaround time unless otherwise noted

e [naddition to samples shown, above, Sb, Cd, Mn, Tl, and Zn to be sampled April 7 in each of two raw waters, settled water, and 2 filters for T/D
(quantity 10 of each analysis, 5 T, 5 D, with 24-hr turnaround time)

e Above schedule is tentative; to be confirmed with two-week lookahead schedules during actual pilot testing.
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