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December 15, 2017 P\ECEBVED

Dan Hall, P.G. ; i

Utah Department of Environmental Quality
Division of Water Quality

195 North 1950 West

Salt Lake City, UT 84114-4870

DEPARTMENT OF
ENVIRONMENTAL QUALITY

Subject: US Magnesium Groundwater Discharge Permit Application for US Magnesium LLC’s
Wastewater Pond

Dear Mr. Hall:

Enclosed please find US Magnesium LLC’s (USM) Utah Ground Water Discharge Permit (GWDP)
Application for the wastewater pond at its Rowley, Utah industrial facility. USM appreciates the
Division’s October 26, 2017 approval of USM’s request for extension of the deadline to submit the
application to December 15, 2017. The extension allowed USM’s contractor, Stantec, to complete the
thorough evaluations presented in the supporting technical reports. Consistent with the GWDP
Application form, the enclosure includes the following components:

1. GWDP Application form Parts A and B, including a Process (wastewater) Flow Diagram per Part
B, Item 6.
2. Part C Accompanying Reports and Plans
¢ Hydrogeologic Report
e Groundwater Discharge Control Plan, that includes:
Attachment A — Corrective Measures Implementation Work Plan
Attachment B —Draft Qutline for the Construction Quality Assurance Plan
Attachment C — Geochemical Report
Attachment D — Water Balance Report
Attachment E — Groundwater Model Report
Attachment F — Barrier Wall Compatibility Testing Proposal
¢ Compliance Monitoring Plan
¢ Closure and Post-Closure Plan
e Contingency and Corrective Action Plan

O 00000

Consistent with your communications with Susan Eyzaguirre of Stantec, one hard copy of the GWDP
Application is being submitted to DWQ that is complete with the exception of certain lengthy Appendices
to the Hydrogeologic Report (e.g., laboratory data reports and historical boring logs). A flash drive with
the complete application, including all document appendices, is also included in the submittal.
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Please contact me at 801.532.1522 ext. 1355 should you have questions.

Sincerely,

B )t

Rob J. Hartman, P.G.
Environmental Manager
US Magnesium LLC

cc:  Mark Novak, DWQ (clectronic only)
Tom Tripp, USM (electronic only)
Lindsay Ford, PB&L (electronic only)




GROUNDWATER DISCHARGE PERMIT APPLICATION
US MAGNESIUM FACILITY

ROWLEY, UTAH

Prepared for: US Magnesium

Prepared by: Stantec

December 15, 2015




MAIL TO:

Division of Water Quality Application No.:
Utah Department of Environmental Quality Date Received:
Salt Lake City, Utah 84114-4870 (leave both lines blank)

UTAH GROUND WATER DISCHARGE PERMIT APPLICATION
Part A - General Facility Information

Please read and follow carefully the instructions on this application form. Please type or print, except for
signatures. This application is to be submitted by the owner or operator of a facility having one or more
discharges to groundwater. The application must be signed by an official facility representative who is: the
owner, sole proprietor for a sole proprietorship, a general partner, an executive officer of at least the level of
vice president for a corporation, or an authorized representative of such executive officer having overall
responsibility for the operation of the facility.

1. Administrative Information. Enter the information requested in the space provided below, including the name, title
and telephone number of an agent at the facility who can answer questions regarding this application.
Facility Name: US Magnesium LLC - Rowley Plant

Mail Address: 15 Miles North Exit 77, 1-80 Rowley, UT 84074

(Number & Street, Box and/or Route, City, State, Zip Code)

Facility Legal Location* County: Tooele County
T.2N ,R.8W ~ ,Sec.15 , NE 1/4 of N\W 1/4,
Lat, 40 054 s 45.0684 *N.Long. 112 043 > 55.1795 »W

*Note: A topographic map or detailed aerial photograph should be used in conjunction with a written description
to depict the location of the facility, points of ground water discharge, and other relevant features/objects.

Contact’s Name: Rob Hartman Phone No.:(801 )532-1522 ext 1355

Title: Environmental Manager

2. Owner/Operator Information. Enter the information requested below, including the name, title, and phone number
of the official representative signing the application.
Owner
Name: US Magnesium LLC Phone No.:( 801 )532-2043

Mail Address: 238 N 2200 West Salt Lake City, UT 84116

(Number & Street, Box and/or Route, City, State, Zip Code)
Operator
Name: US Magnesium LLC Phone No.:( 801 )532-2043

(If different than Owner’s above)

Mail Address: 238 N 2200 West Sait Lake City, UT 84116

(Number & Street, Box and/or Route, City, State, Zip Code)

Official Representative
Name: Ron Thayer Phone No.:(801 )532-1522 ext 1349

Title: President

3. Facility Classification (check one)

New Facility

Existing Facility

Modification of Existing Facility
!



4. Type of Facility (check one)

Industrial

Mining

Municipal
Agricultural Operation
Other, please describe;

8. SIC/NAICS Codes: 3339 - Primary Smelting & Refining of Nonferrous Metals, Except Copper & Aluminum
Enter Principal 3 Digit Code Numbers Used in Census & Other Government Reports

6. Projected Facility Life: 50 years

7. Identify principal processes used, or services preformed by the facility. Include the principal

products produced, and raw materials used by the facility:
The facility extracts magnesium from raw materials in Great Salt Lake water by employing evaporative concentration, chemical purification processes and

metallurgical processes to produce principal products of elemental magnesium and chlorine (liquid).

8. List all existing or pending Federal, State, and Local government environmental permits:

Permit Number

NPDES or UPDES (discharges to surface water)
CAFO (concentrated animal feeding operation)
UIC (underground injection of fluids)

RCRA (hazardous waste)

PDS (air emissions from proposed sources)
Construction Permit (wastewater treatment)

NENEEERER

Solid Waste Permit (sanitary landfills, incinerators) 45-000379
Septic Tank/Drainfield
Other, Spemfy Title V Air Permit 4500030002
9. Name, location (Lat. ° y ”N,Long. i ’ ”W) and description of:

each well/spring (existing, abandoned, or proposed), water usage(past, present, or future); water bodies;
drainages; well-head protection areas; drinking water source protection zones according to UAC 309-
600; topography; and man-made structures within one mile radius of the point(s) of discharge site.
Provide existing well logs (include total depth and variations in water depths).

Name Location Description Status Usage

Not applicable. No drinking water sources or production wells are located within a one-mile radius of the Facility.

The above information must be included on a plat map and attached to the application.
2




. Part B - General Discharge Information

Complete the following information for each point of discharge to ground water. If more than one discharge
point exists, photocopy and complete this Part B form for each discharge point.

1. Location (if different than Facility Location in Part A ): County; Tocele
T. , R. . Sec. , 1/4 of 1/4,
Lat. ° y ”N.Long. - ’ "W

2. Type of fluid to be Discharged or Potentially Discharged
(check as applicable)

Discharges (fluids discharged to the ground)

Sanitary Wastewater: wastewater from restrooms, toilets, showers and the like
Cooling Water: non-contact cooling water, non contact of raw materials, intermediate,
final, or waste products

Process Wastewater: wastewater used in or generated by an industrial process
Mine Water: water from dewatering operations at mines

Other, specify: Stormwater

KRR

Potential Discharges (leachates or other fluids that may discharge to the ground)

Solid Waste Leachates: leachates from solid waste impoundments or landfills
Milling/Mining Leachates: tailings impoundments, mine leaching operations, etc.
Storage Pile Leachates: leachates from storage piles of raw materials, product,

or wastes

Potential Underground Tank Leakage: tanks not regulated by UST or RCRA only

. Other, specify:

3. Discharge Volumes
For each type of discharge checked in #2 above, list the volumes of wastewater discharged to the
ground or ground water. Volumes of wastewater should be measured or calculated from water
usage. If it is necessary to estimate volumes, enclose the number in parentheses. Average daily
volume means the average per operating day: ex. For a discharge of 1,000,000 gallons per year
from a facility operating 200 days, the average daily volume is 5,000 gallons.

Discharge Type: Daily Discharge Volume all in units of
(Average) (Maximum)

Process and Cooling Water 1,584,000 2,979,400 gallons

Stormwater (estimated) 0 (2,300,000) gallons

4. Potential Discharge Volumes
For each type of potential discharge checked in #2 above, list the maximum volume of fluid that
could be discharged to the ground considering such factors as: liner hydraulic conductivity and
operating head conditions, leak detection system sensitivity, leachate collection system
efficiency, etc. Attach calculation and raw data used to determine said potential discharge.

Discharge Type: Daily Discharge Volume all in units of

(Average) (Maximum)
Not applicable




S

Means of Discharge or Potential Discharge (check one or more as applicable)

lagoon, pit, or surface impoundment (fluids) industrial drainfield
land application or land treatment nderground storage tank
ischarge to an ephemeral drainage ercolation/infiltration basin
(dry wash, etc.)
torage pile ine heap or dump leach
landfill (industrial or solid wastes) ine tailings pond
ther, specify

Flows, Sources of Pollution, and Treatment Technologies

Flows. Attach a line drawing showing: 1) water flow through the facility to the ground water discharge point, and 2) sources
of fluids, wastes, or solids which accumulate at the potential ground water discharge point. Indicate sources of intake
materials or water, operations contributing wastes or wastewater to the effluent, and wastewater treatment units. Construct a
water balance on the line drawing by showing average flows between intgkes, operations, treatment units, and wastewater
outfalls. If a water balance cannot be determined, provide a pictorial description of the nature and amount of any sources of
water and any collection or treatment measures. See the following example.

BLUE RIVER MUNICIPAL BLUE RIVER
¥ _90.000GPD WATER SUPPLY 10,000 GPD
RAW l COOLING
MATERI 45.000 GP. 45 000GP, 30.000GP WATER
FIBER 3
» PREPARATION DYEING WASHING il DRYING
10,000 GPD 15,000 GPD 20,000 GPD 10,000 GPD 10,040 GPD
10,000 GPD 40,000GPD
\ 40,000 GPD 5.000 GPD -
TO >
GRIT NEUTRALIZATION ATMOSPHERE
[ | SEPARATOR TANK
30,000 GPD 40,000 GPD 50,000 GPD
SOLID
WASTE
4,000 GPD .| WASTE
»| TREATMENT
i PLANT
STORMWATER
MAX 20,000 GPD
STORMWATER 140,000 GPD TO PRODUCT
A4 5,000 GPD
WASTE v
» IMPOUNDMENT
(DISCHARGE 2 GDP)

2.

Discharge Effluent Characteristics

Established and Proposed Ground Water Quality Standards - Identify wastewater or leachate characteristics by providing the
type, source, chemical, physical, radiological, and toxic characteristics of wastewater or leachate to be discharged or
potentially discharged to ground water (with lab analytical data if possible). This should include the discharge rate or
combination of discharges, and the expected concentrations of any pollutant (mg/l). If more than one discharge point is used,
information for each point must be provided.

Hazardous Substances - Review the present hazardous substances found in the Clean Water Act, if applicable. List those
substances found or believed present in the discharge or potential discharge. .
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Part C - Accompanying Reports and Plans

The following reports and plans should be prepared by or under the direction of a professional engineer or
other ground water professional. Since ground water permits cover a large variety of discharge activities,
the appropriate details and requirements of the following reports and plans will be covered in the pre-design
meeting(s). For further instruction refer to the Ground Water Permit Application Guidance Document.

8. Hydrogeologic Report

Provide a Geologic Description, with references used, that includes as appropriate:

Structural Geology — regional and local, particularly faults, fractures, joints and bedding plane joints;
Stratigraphy — geologic formations and thickness, soil types and thickness, depth to bedrock;
Topography — provide a USGS MAP (7 2 minute series) which clearly identifies legal site location
boundaries, indicated 100 year flood plain area and applicable flood control or drainage barriers and
surrounding land uses.

Provide a Hydrologic Description, with references used, that includes:

Ground water — depths, flow directions and gradients. Well logs should be included if available.
Include name of aquifer, saturated thickness, flow directions, porosity, hydraulic conductivity, and other
flow characteristics, hydraulic connection with other aquifers or surface sources, recharge information,
water in storage, usage, and the projected aerial extent of the aquifer. Should include projected ground
water area of influence affected by the discharge. Provide hydraulic gradient map indicating equal
potential head contours and ground water flow lines. Obtain water elevations of nearby wells at the time
of the hydrologic investigation. Collect and analyze ground water samples from the uppermost aquifer
which underlies the discharge point(s). Historic data can be used if the applicant can demonstrate it
meets the requirements contained within this section. Collection points should be hydraulically up and
downgradient and within a one-mile radius of the discharge point(s). Ground water analysis should
include each element listed in Ground Water Discharge Permit Application, Part B7.

NOTE Failure to analyze for background concentrations of any contaminant of concern in the discharge or potential
discharge may result in the Executive Secretary’s presumptive determination that zero concentration exist in the background
ground water quality.

Sample Collection and Analysis Quality assurance — sample collection and Preservation must meet the
requirements of the EPA RCRA Technical Enforcement Guidance Document, OSWER-9959.1, 1986
[UAC R317-6-6.3(1,6)]. Sample analysis must be performed by State of Utah certified laboratories and
be certified for each of the parameters of concern. Analytical methods should be selected from the
following sources [UAC R317-6-6.3L]: (Standard Methods for the Examination of Water and
Wastewater, 20" Ed.,1998; EPA, Methods for Chemical Analysis of Water and Wastes, 1983;
Techniques of Water Resources Investigation of the U.S. Geological Survey, 1998, Book 9; EPA
Methods published pursuant to 40 CFR Parts 141, 142, 264 (including Appendix IX), and 270.
Analytical methods selected should also include minimum detection limits below both the Ground
Water Quality Standards and the anticipated ground water protection levels. Data shall be presented in
accordance of accepted hydrogeolgic standards and practice.

Provide Agricultural Description, with references used, that includes:

If agricultural crops are grown within legal boundaries of the site the discussion must include: types of
crops produced; soil types present; irrigation system; location of livestock confinement areas (existing or
abandoned).



Note on Protection Levels: ’

After the applicant has defined the quality of the fluid to be discharged (Ground Water Discharge Permit
Application, Part B), characterized by the local hydrogeologic conditions and determined background ground
water quality (Hydrogeologic Report), the Executive Secretary will determine the applicable ground water
class, based on: 1) the location of the discharge point within an area of formally classified ground water, or the
background value of total dissolved solids. Accordingly, the Executive Secretary will determine applicable

protection levels for each pollutant of concern, based on background concentrations and in accordance with
UACR317-6-4.

9. Ground Water Discharge Control Plan:
Select a compliance monitoring method and demonstrate an adequate discharge control system. Listed
are some of the Discharge Control Options available.

No Discharge — prevent any discharge of fluids to the ground water by lining the discharge point with
multiple synthetic and clay liners. Such a system would be designed, constructed, and operated to
prevent any release of fluids during both the active life and any post-closure period required.

Earthen Liner — control the volume and rate of effluent seepage by lining the discharge point with a
low permeability earthen liner (e.g. clay). Then demonstrate that the receiving ground water, at a point
as close as practical to the discharge point, does not or will not exceed the applicable class TDS limits
and protection levels* set by the Executive Secretary. This demonstration should also be based on
numerical or analytical saturated or unsaturated ground water flow and contaminant transport
simulations.

Effluent Pretreatment — demonstrate that the quality of the raw or treated effluent at the point of
discharge or potential discharge does not or will not exceed the applicable ground water class TDS
limits and protection levels* set by the Executive Secretary.

Contaminant Transport/Attenuation — demonstrate that due to subsurface contaminant transport
mechanisms at the site, raw or treated effluent does not or will not cause the receiving ground water, at a
point as close as possible to the discharge point, to exceed the applicable class TDS limits and protection
levels* set by the Executive Secretary.

Other Methods — demonstrate by some other method, acceptable to the Executive Secretary, that the
ground water class TDS limits and protection levels* will be met by the receiving ground water at a
point as close as practical to the discharge point.

*If the applicant has or will apply for an alternate concentration limit (ACL), the ACL may apply instead of the class TDS
limits and protection levels.

Submit a complete set of engineering plans and specifications relating to the construction, modification,
and operation of the discharge point or system. Construction Permits for the following types of facilities
will satisfy these requirements. They include: municipal waste lagoons; municipal sludge storage and
on-site sludge disposal; land application of wastewater effluent; heap leach facilities; other process
wastewater treatment equipment or systems.

Facilities such as storage piles, surface impoundments and landfills must submit engineering plans and
specifications for the initial construction or any modification of the facility. This will include the design

data and description of the leachate detection, collection and removal system design and construction. ‘
Provide provisions for run on and run-off control.

6
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Compliance Monitoring Plan:
The applicant should demonstrate that the method of compliance monitoring selected meets the
following requirements:

Ground Water Monitoring — that the monitoring wells, springs, drains, etc., meet all of the following
criteria: is completed exclusively in the same uppermost aquifer that underlies the discharge point(s)
and is intercepted by the upgradient background monitoring well; is located hydrologically
downgradient of the discharge point(s); designed, constructed, and operated for optimal detection (this
will require a hydrogeologic characterization of the area circumscribed by the background sampling
point, discharge point and compliance monitoring points); is not located within the radius of influence of
any beneficial use public or private water supply; sampling parameters, collection, preservation, and
analysis should be the same as background sampling point; ground water flow direction and gradient,
background quality at the site, and the quality of the ground water at the compliance monitoring point.

Source Monitoring — must provide early warning of a potential violation of ground water protection
levels, and/or class TDS limits and be as or more reliable, effective, and determinate than a viable
ground water monitoring network.

Vadose Zone Monitoring Requirements — Should be: used in conjunction with source monitoring;
include sampling for all the parameters required for background ground water quality monitoring; the
application, design, construction, operation, and maintainence of the monitoring system should conform
with the guidelines found in: Vadose Zone Monitoring for Hazardous Waste Sites; June 1983, KT-82-
018(R).

Leak Detection Monitoring Requirements — Should not allow any leakage to escape undetected that
may cause the receiving ground water the exceed applicable ground water protection levels during the
active life and any required post-closure care period of the discharge point. This demonstration may be
accomplished through the use of numeric or analytic, saturated or unsaturated, ground water flow or
contaminant transport simulations, using actual filed data or conservative assumptions. Provide plans
for daily observation or continuous monitoring of the observation sump or other monitoring point and
for the reporting of any fluid detected and chemical analysis thereof.

Specific Requirements for Other Methods — Demonstrate that: the method is as or more reliable,
effective, and determinate than a vable ground water monitoring well network at detecting any violation
of ground water protection levels or class TDS limits, that may be caused by the discharge or potential
discharge; the method will provide early warning of a potential violation of ground water protection
levels or class TDS limits and meets or exceeds the requirements for vadose zone or leak detection
monitoring.

Monitoring well construction and ground water sampling should conform to A Guide to the Selection of
Materials for Monitoring Well Construction. Sample collection and preservation, should conform to the
EPA RCRA Technical Enforcement Guidance Document, OSWER-9950.1, September, 1986. Sample
analysis must be performed by State-certified laboratories by methods outlined in UAC R317-6-6.3L.
Analytical methods used should have minimum detection levels which meet or are less than both the
ground water quality standards and the anticipated protection levels.



11.  Closure and Post Closure Plan: The purpose of this plan is to prevent ground water contamination
after cessation of the discharge or potential discharge and to monitor the discharge or potential discharge
point after closure, as necessary. This plan has to include discussion on: liquids or products, soils and
sludges; remediation process; the monitoring of the discharge or potential discharge point(s) after
closure of the activity.

12.  Contingency and Corrective Action Plans: The purpose of this Contingency plan is to outline
definitive actions to bring a discharge or potential discharge facility into compliance with the regulations
or the permit, should a violation occur. This applies to both new and existing facilities. For existing
facilities that may have caused any violations of the Ground Water Quality Standards or class TDS
limits as a result of discharges prior to the issuance of the permit, a plan to correct or remedy any
contaminated ground water must be included.

Contingency Plan — This plan should address: cessation of discharge until the cause of the violation can
be repaired or corrected; facility remediation to correct the discharge or violation.

Corrective Action Plan — for existing facilities that have already violated Ground Water Quality
Standards, this plan should include: a characterization of contaminated ground water; facility
remediation proposed or ongoing including timetable for work completion; ground water remediation.

Certification

I certify under penalty of law that this document and all attachments were prepared under my direction or
supervision in accordance with a system designed to assure that qualified personnel properly gather and
evaluate the information submitted. Based on my inquiry of the person or persons who manage the system or
those persons directly responsible for gathering the information, the information submitted is, to the best of my
knowledge and belief, true, accurate, and complete. I am aware that there are significant penalties for
submitting false information, including the possibility of fine and imprisonment for knowing violations.

Ron Thayer, President (801) 532-1522 ext 1349

NAME & OFFICIAL TITLE (type or print) PHONE NO. (area code & no.)
L i/ﬂq)/s/ \ 2/\@/ \7
SIGNATURE [} DATE SIGNED
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Sign-off Sheet

This document entitled Hydrogeologic Report was prepared by Stantec Inc. (“Stantec”)
for the account of US Magnesium LLC (US Magnesium). Any reliance on this document
by any third party is strictly prohibited. The material in it reflects Stantec’s professional
judgment in light of the scope, schedule and other limitations stated in the document
and in the contract between Stantec and US Magnesium. The opinions in the
document are based on conditions and information existing at the time the document
was published and do not take into account any subsequent changes. In preparing the
document, Stantec did not verify information supplied to it by others. Any use which a
third party makes of this document is the responsibility of such third party. Such third
party agrees that Stantec shall not be responsible for costs or damages of any kind, if
any, suffered by it or any other third party as a result of decisions made or actions taken
based on this document.

Prepared by 7

Jacob Trauscht

Reviewed by AR VA

Susan Eyzaguirre, PE, PG

Approved by /% %A

Hhan Olsen, PG
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1.1 PURPOSE

This Hydrogeologic Report fulfills one of the requirements of Part C (Accompanying
Reports and Plans) of the Groundwater Discharge Permit (GWDP) application for the US
Magnesium facility (Facility) located in Rowley, Utah (Figure 1-1). This report follows the
guidelines presented in the ‘Utah Ground Water Discharge Permit Application’ form
and the Utah Department of Environmental Quality (UDEQ) Division of Water Quality
(DWQ) Ground Water Quality Protection Permitting Information Document (UDEQ,
2006).

The specific purposes of this report are:

¢ Define and characterize the geologic and hydraulic conditions that control the
occurrence and movement of groundwater in the vicinity of the Facility

e Provide a technical foundation for other reports and plans in this application
including: Compliance Monitoring Plan, Groundwater Discharge Control Plan,
Contingency and/or Corrective Action Plans, and Closure/Post-closure Plans.

Focused groundwater and geochemical investigations were performed to gather
specific data related to the shallow aquifer system in the vicinity of the Facility.
Subsurface investigations were conducted in 2017 to better characterize three units of
the shallow aquifer: the Upper Aquifer Zone, a Deeper Silty Clay Unit (a confining layer),
and a Lower Aquifer Zone. The intent was to understand the ability of the Upper Aquifer
Zone to receive low-pH wastewater from a proposed Retrofitted Waste Pond (RWP) that
will have engineered conftrols to prevent horizontal migration of the wastewater. The
vertical migration of low-pH wastewater will be controlled by the low vertical hydraulic
conductivity of the confining layer and from the natural neutralization capacity of the
carbonate-rich native lake bed sedimentary deposits below the proposed pond.

The focused investigation data along with data collected historically across the Facility
were used to prepare a Discharge Control System conceptual design and other plans
in support of the GWDP application.

1.2 ORGANIZATION

The remainder of this report is divided into two primary sections, Section 2.0 describes
the regional setting of the facility and includes a description of Great Salt Lake (GSL)
(Section 2.1), the regional geology (Section 2.2), the regional topography, vegetation,
and climate (Section 2.3), the regional groundwater (Section 2.4) and the regional
surface water hydrology (Section 2.5). Section 3.0 focuses on the geology and
hydrogeology of the area of the Current Waste Pond (CWP) and Old Waste Pond
(OWP) area for which the permit application is intfended, including site geology,
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lithology, and hydrogeology as well as groundwater quality and groundwater/surface
water relationships in the area of the CWP and the OWP.

The Facility is located along the southwest corner of GSL in northern Utah,
approximately 27 miles northwest of the town of Tooele and 11 miles north of Interstate
80 as shown in Figure 1-1.

2.1 GREAT SALT LAKE

Great Salt Lake (GSL) is a terminal, shallow saline playa lake and the largest existing
remnant of ancient Lake Bonneville, which at one time covered most of western Utah
including the US Magnesium Site. GSL receives water inputs from direct precipitation
(~31%), groundwater inflow (~3%), and from three major tributaries: the Jordan, Weber,
and Bear Rivers (~66%) (USGS, 2007). Due to the terminal nature of the lake,
evaporation concentrates the salts delivered by the tributaries, resulting in water that
ranges in salinity from é% to over 27%. GSL is divided into a North Arm (Gunnison Bay)
and a South Arm (Gilbert Bay) by the Union Pacific Causeway constructed in 1959, with
two culverts that previously allowed minimal flow between the two arms. The three
major freshwater sources discussed above flow into the South Arm, with the result that
the North Arm has historically had lower water levels and higher salinity than the south
arm. In December 2016 Union Pacific constructed a new 180 feet long breach in the
causeway to replace the two culverts that had been closed in 2013 due to structural
instability. This breach will likely allow an equilibrium to be established resulting in the
north and south arms having similar water levels and salinity (UDNR, 2016).

The footprint of GSL averages approximately 75 miles long by 35 miles wide with a
corresponding average surface elevation of 4,200 feet above mean sea level (amsl).
At this elevation, the lake covers an area of approximately 1,615 square miles (1,034,000
acres) and has an average depth of about 14 feet with a maximum depth of about 33
feet (DFFSL, 2013). Due to the shallow nature of the lake, relatively small changes in
water levels can result in significant changes in the surface area (Figure 2-1). On
average, the lake level fluctuates one to two feet annually, rising to its highest level
typically during March through May (following the melting of mountain snowpack) and
dropping to its lowest point during October through November. Since recording of lake
levels began (1847 to present), fluctuations of the lake level have varied over a range
of 20 feet from a low of 4,191.35 feet amsl in 1963 to a high of 4,211.85 feet amsl in 1986-
1987, with a historical average elevation of around 4,200 feet amsl. At the lake's
maximum recorded high of 4,211.85 feet amsl, the lake covered an area of
approximately 2,300 square miles (1,472,000 acres) and had a maximum depth of
about 45 feet (USGS, 2017a). The lake was measured at approximately 4,194 feet amsl
in November 2017, corresponding to approximately 1,500 square miles (960,00 acres)
(Figure 2-1).
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The Plant site is situated at an elevation of approximately 4,220 feet amsl, or about eight
feet above the maximum-recorded lake elevation. In order for the lake to reach a
level of 4,220 feet amisl, it would need a maximum extent of approximately 3,000 square
miles (1,919,940 acres), or a 30-percent increase over its historic high elevation. Water
levels measured at the Saltair Boat Harbor along the southern shore indicate a 10-year
low in lake levels was reached in 2016 (~4,192 ft amsl) feet and was at 4,194 feet amsl
during November 2017 (USGS, 2017q).

Salinity of GSL is inversely proportional to lake level, with increasing freshwater inflows
resulting in lower salinity water (USGS, 2017b). Because the south arm has historically
had more freshwater inputs than the north arm, the salinity of water in the south arm has
historically varied more than the salinity in the north; however, seasonal variations are
observed in both arms. A 1960 study estimated 2.7 million metric tons of salt annually
loading into GSL; however, more recent studies estimate that load to be much higher,
likely closer to 14 million metric tons per year (Shope, 2013).

2.2 REGIONAL GEOLOGY

The US Magnesium site is located in northwestern Utah in the Basin and Range Province
of the western United States, is within three to five miles of the present GSL shoreline,
and is about 60 miles west of the north-south-tfrending Wasatch Mountain Range. The
site is located within the Basin and Range Province, which is characterized by a series of
nearly parallel, north-south-oriented mountain ranges separated by wide sediment-
filled basins. The Basin and Range province extends westward through Utah and
Nevada to the Sierra Nevada Range in California and is bounded on the east by the
Wasatch Mountains. In general, the mountain ranges are complex, maturely dissected
fault blocks that have been upthrown and tilted to the east. Interconnecting valley
basins comprise the downthrown fault blocks (graben valleys) and are filled with
unconsolidated sediments derived from the adjoining mountain ranges (MWH, 2004).

The site is located within one of the valley basins known as Lakeside Valley, which is an
extension of Skull Valley. Skull Valley is characteristic of other basins in the province,
except for the features of GSL, which compirises the eastern portion of the valley and
covers most of the northern portions of the coalescing Tooele Valley east of Skull Valley.
The Lakeside Mountain Range borders Lakeside Valley and Skull Valley on the west and
is located approximately four miles west of the site, as shown on Figure 2-2. The Great
Salt Lake Desert is located about 25 miles to the west of the site and extends west to the
Utah-Nevada state line.

As previously described, the site lies within a downthrown sediment-filled graben valley.
Faulting near the site is generally confined to the Lakeside Mountains. Considerable
activity has occurred along this range, causing irregular displacements and offsetting of
the tilted, generally westward-dipping strata. Stansbury Island, located about ten miles
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to the east of the site, is also crossed with faults that have caused disturbance and ‘
offsetting of rock strata. The most prominent structural feature in the area of GSL is the
Wasatch Fault Zone, situated about 60 miles to the east of the site.

There are four major soil types known to be present in this area of the Great Salt Lake
Basin:

e Calcareous clays, silts and fine sands (including oolitic sand) are the most
abundant sediments encountered at the site as described by Dames & Moore
during exploration drilling as part of geotechnical investigations conducted at
the site (Dames and Moore, 1969, 1970a, 1970b, 1971, 1972).

e Oolitic sands — found in varying abundance in the calcareous fine sands, with
the most abundant occurrence found in silty cemented sands at approximately
15 feet below ground surface (bgs).

e Algalreefs — encountered in the same silty cemented sands.

e Saline precipitates — encountered in thin layers and fragments within the
calcareous fine sands.

Under the present depositional environments, the calcareous clays, silts, and fine sands
can be found on the presently occupied lake bottom and in the barren mud flats that
surround most of the lake. Oolitic sand deposits can be found in areas of shallow water,
along shorelines, and in adjoining areas where re-deposition has occurred due to wind
activity. Algal reef deposits are the result of biochemical precipitates of calcium
carbonate formed where conditions are favorable for the growth of blue-green algae.
Saline deposits, both soluble and insoluble, are precipitated along the shoreline and on
the bottom of the lake (MWH, 2004).

Shoreline terrace deposits characteristic of each of the four major stages of former Lake
Bonneville are present at their respective elevations along the eastern face of the
Lakeside Mountains. The highest level (Bonneville Stage) exists near 5,200 feet amsl,
around 1,000 feet above the US Magnesium facility elevation. Evidence of the
intermediate Lake Bonneville levels (Provo and Stansbury Stages) have largely been
erased since deposition due to erosion. Recent deposits of alluvial and eolian soils are
intermixed with lake sediments in the higher shoreline areas adjoining the mountain
ranges.

Consolidated sediments (rock) at the site are not present at the surface, nor were they
encountered within the maximum depth penetrated during pre-plant construction
drilling operations at the site (Dames & Moore, 1969, 1970a, 1970b, 1971, and 1972).
However, bedrock has been encountered at a depth of 116 feet below ground surface
(feet bgs) approximately 2.3 miles west of the site (See Appendix A for well borings).
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The Lakeside Mountains and adjoining Stansbury Mountains are comprised mostly of
Paleozoic deposits and consist of sediments ranging from limestone, dolomite, and
shales to quartzitic sandstones and conglomerates (Young, 1955).

2.3 TOPOGRAPHY, CLIMATE, AND VEGETATION

The site area slopes very gently to the east-northeast toward the barren mud flats that
bound the site on the east. Maximum relief, as measured from a topographic map of
the areaq, is approximately eight feet (Figure 2-2). The most prominent topographic
feature is a crescent-shaped dune that is located in the center of the site.

The area is semi-arid in nature, with the greatest amounts of precipitation occurring
during the late-winter and early-spring months. Annual average precipitation at the
Facility from 2012 to 2015 was measured at 7.24 inches, while precipitation at three
nearby National Oceanic and Atmospheric Administration (NOAA) weather stations
(Utah Test Range, Grantsville, and Antelope Island) range from 9 to 14 inches per year.

Vegetation consists of cheat grass, minor amounts of perennial grasses, shad scale, salt
cedar, sagebrush, and greasewood. Site specific vegetation is described in the Draft
Old Waste Pond/Current Waste Pond Area Hydrologic Conceptual Site Model report
(ERM, 2016) based on information from the Utah Department of Natural Resources,
Division of Forestry, Fire and State Lands (DFFSL, 2013).

The primary habitats associated with the US Magnesium facility are:

e Mudflats and Playas — These aquatic habitats dominate the GSL shoreline.
Mudflats may have no vegetation cover; playas are created by GSL water
fluctuations and have limited vegetation cover (5 to 25 percent) and a
characteristic salt accumulation on the soil surface. Vegetation typically
observed in wetland playas consists of halophytes such as iodine bush
(Allenrolfea occidentalis), pickleweed (Salicornia spp.), seepweed (Suaeda
spp.), greasewood (Sarcobatus vermiculatus), saltgrass (Distichlis spicata), and
saltbush (Atriplex spp.) (DFFSL, 2013).

e Uplands - Upland habitats are found at slightly higher elevations than GSL
wetlands and are characterized by dry ground and grasses, forbs, and shrubs.
GSL uplands are typically dominated by shadscale (Atriplex confertifolia)-
greasewood associations, but are often a mixture of shrublands, grasslands, and
barren areas (DFFSL, 2013).

e Dunes and Sand Bars - Dunes and sand bars along the shore of GSL are
composed of white, calcareous oolitic sand. Vegetation is usually restricted to
shoreline areas with infrequent waves and flooding. Vegetation on dunes and
sandbars may be distinct from surrounding playas and uplands, or may contain
a mixture of upland- wetland species (DFFSL, 2013).
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e Dikes, Levees, and Human-Made Structures - When present, vegetation on these .
structures varies from a mixture of wetland and upland species, to upland
shrublands and grasslands (DFFSL, 2013).

No agricultural crops, irrigation systems, or confined livestock areas are located within
the Facility boundaries or on adjacent property.

2.4 REGIONAL GROUNDWATER

Groundwater in the Skull Valley region is typical of basin/range recharge, wherein
groundwater is derived entirely from precipitation that falls within the drainage basin,
primarily from snowmelt and rainfall on lands above 6,000 feet (Figure 2-3). Water is
conveyed from the mountains to the unconsolidated valley sediments as discharge
from bedrock or losses and underflow from the streams that drain from the mountains.
Recharge to groundwater occurs through consolidated rocks in and near the
mountains (bedrock) and unconsolidated valley sediments (Figure 2-3) (Hood and
Waddell, 1968).

Groundwater in the unconsolidated sediments in nearby large valleys (e.g., Tooele
Valley, Salt Lake Valley, Utah Valley) typically occurs in a shallow unconfined aquifer
toward the center of the valleys that overlies one or more artesian aquifers in the Lake
Bonneville and the older (deeper) valley-fill deposits. Closer to the mountain flanks, the
confining bed and shallow aquifer are typically absent, where groundwater is
encountered at a greater depth and is unconfined; this deeper groundwater is an
unconfined portion of the principal aquifer that is under artesian pressure further into
the valleys. The deep confined (artesian) and unconfined aquifer near the mountains
represent the principal aquifer (Hely et al., 1971). Near the mouths of the mountain
canyon drainages, lenticular and discontinuous (perched) aquifers often exist in the
permeable deposits of buried stream channels. Within the valley bottoms the shallow
aquifer is generally defined as the uppermost permeable unit within the unconsolidated
lake sediments and it typically overlies a low permeability bed that confines the
principal (artesian) aquifer (Hely et al., 1971).

The principal aguifer has not been encountered during historical investigations in the
vicinity of the Facility, however a shallow aquifer is evident. The shallow aquifer extends
from the bedrock mountain front of the Lakeside Mountains easterly to GSL and is
composed of Quaternary clay, silt, and sand with increasing sands and gravels
immediately west of the site. The shallow aquifer can be either confined or unconfined
depending on the presence of low-permeability interbeds within the aquifer. The
unconfined portion of the shallow aquifer has been encountered to roughly 35 feet bgs
and is referred to as the upper portion of the shallow aquifer (Upper Aquifer Zone), and
below this confined portions of the shallow aquifer have been encountered to
approximately 100 feet and are referred to as the lower portion of the shallow aquifer
(Lower Aquifer Zone). A low-permeability silty clay confining unit (Deeper Silty Clay Unit)

% Stantec 6




US Magnesium GWDP Hydrogeologic Report
December 15, 2017

is present between the Upper Aquifer Zone and Lower Aquifer Zone that is pervasive
across the Facility.

2.5 SURFACE WATER HYDROLOGY

Surface water in Skull Valley consists of four known perennial streams (Barlow, Indian
Hickman, Antelope and Lost Creeks), all of which drain from the Stansbury Mountains
south of the site (MWH, 2004). These streams supply water to ranches in Townships 3-6
South, Range 8 West, and to the Skull Valley Indian Reservation (Hood and Waddell,
1968). Perennial streams do not flow through or near the Facility; however, seasonal
and occasional surface water flow occurs west of the Facility in the Lakeside Mountains
originating from seasonal springs and snowmelt that discharge into canyons along the
eastern flank of the Lakeside Mountains. These include Parch, Mountain Sheep,
Peepstone, Vindicator, Craner and Carter Canyons as shown on Figure 2-2.

Several prior investigations have been used to develop conceptual geological and
hydrogeological models for the CWP and OWP general area as well as a computer
groundwater flow model that is documented in the Groundwater Discharge Conftrol
Plan for the GWDP application (Stantec, 2017). These investigations include, but are not
limited to, Dames & Moore (1969a, 196%b, 1970a, 1970b, 1971, and 1972), MWH (2004
and 2015), ERM (2016), and most recently the focused investigations performed by
Stantec in June/July 2017.

The 2017 investigation was performed for the purpose of filing data gaps in support of a
GWDP application prepared for submittal to the DWQ. Data were collected to support
the conceptual hydrogeologic model for the CWP/OWP area as well as a computer
groundwater flow model intended to support the groundwater discharge control
system proposed in the GWDP application. (A groundwater flow model report is
included as an attachment to the Groundwater Discharge Control Plan [Stantec, 2017],
a component plan of the GWDP application.) The 2017 subsurface investigations
consisted of:

1. Driling of seven boreholes to obtain lithological and geochemical data of the
soils adjacent to and beneath the CWP

2. Installation of four new monitoring wells for the following purposes:
e Obtaining lithological and geochemical data of soils along the eastern
embankment of the CWP
¢ Conducting an aquifer pumping test
e Obtaining baseline groundwater quality data (for future GWDP
compliance monitoring).
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3. Performing a pumping test at MW-22B (a new monitoring well installed in June
2017) in order to characterize the Lower Aquifer Zone and to observe potential
responses in Upper Aquifer Zone wells (Appendix B)

4. Performing pneumatic slug tests at ten wells across the Facility to obtain
hydraulic conductivity data to support updating of the hydrogeologic
conceptual model and preparing input for a planned numerical groundwater
flow model (Appendix B)

5. Collecting groundwater level measurements (seasonally) fo understand seasonal
variability of groundwater levels and support the planned groundwater flow
model (Appendix D)

6. Collecting and analyzing groundwater samples from ten wells along the eastern
dike to characterize the baseline groundwater quality in the area of the CWP
(Appendix C)

7. Collecting and analyzing water samples from the combined Facility wastewater
ditch to compare source water quality with groundwater quality results
(Appendix C)

3.1 GEOLOGY AND STRATIGRAPHY OF THE CWP/OWP AREA

Recent and historical investigations have characterized the geology beneath the
CWP/OWP to a depth of approximately 100 feet bgs. The geology beneath the
CWP/OWP includes a variety of sediments deposited during historical lake periods
dating back to ancient Lake Bonneville, and consists of continuous and discontinuous
layers of oolite-containing sands/silty sands/fine-grained sands, clays/silty clays as well
as cemented and un-cemented gravel. Stratigraphic units within the area generally
slope towards the east, with units being encountered at shallower depths on the west
side than on the east side of the CWP/OWP. Notably the sediments beneath the pond
include two layers of low-permeability clay/silty clay, the deeper of which (the Deeper
Silty Clay Unit), was confirmed during the 2017 investigation to be continuous
throughout the CWP/OWP area. The Deeper Silty Clay Unit effectively acts as a
confining bed, dividing the shallow aquifer beneath the CWP/OWP into two units, the
Upper Shallow Aquifer Zone (Upper Aquifer Zone) and the Lower Shallow Aquifer Zone
(Lower Aquifer Zone). In general the stratigraphy beneath the CWP/OWP consists of
the following:

e Ground Surface to less than 5 feet bgs: Fine-grained sand, silt/sandy silt/clayey
silt with areas of oolitic sands and imported fill material in most boring locations.

e Approximately 5to 10 feet bgs: Low to medium plasticity clay/silty clay varying in
thickness from 2 to 8 feet.
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e Approximately 10 to 35 feet bgs: Silty/fine-grained sand, oolitic in part,
interbedded with silt and clay, oolitic in part; gravel and cemented gravel
present in top 5 feet.

e Approximately 35 to 55 feet bgs: Low to medium plasticity clay/silty clay layer.
This Deeper Silty Clay Unit ranges in thickness between 11 and 18 feet in the
CWP/OWP area, and generally is encountered at greater depths and thickens
towards the east side of the CWP (refer to Section 3.1.2.)

o Greater than approximately 55 feet bgs: Silty sand/fine-grained sand
interbedded with lenses and layers of low to medium plasticity clay/silty clay.

No bedrock nor evidence of the principal artesian aquifer were found in boreholes
completed beneath the CWP/OWP area, however bedrock has been encountered
west of the site as described below.

Most of the sediments underlying the CWP/OWP consist of a percentage of carbonate,
an important consideration as the low-pH wastewater discharged to the CWP is
potentially reactive with these carbonate containing sediments. Stratigraphy of the
CWP/OWP areaq, including geochemistry of the sediments, is discussed in more detail
below in Sections 3.1.1 through 3.1.3.

Information from the 2017 subsurface investigation was utilized to update and expand
portions of the site-wide conceptual geologic setting that was described in the 2016
Hydrgologic Conceptual Site Model (CSM) report (ERM, 2016). As part of the 2016 CSM
report a series of geologic cross sections were developed (Figure 3-1a, A-A’ through H-
H'). To support the GWDP application, data from the 2017 drilling activities were used
to extend cross-section B-B’ through the upland area, and create two new cross-
sections, J-J' and I-I' (Figures 3-1b, c & d). These three cross sections are shown in
Figures 3-1b, ¢, and d, and are described below.

3.1.1.1. Cross Section B-B'-B” (Figure 3-1b). Cross section B-B’, originally produced in
2016, has been extended through the upland area towards the Lakeside Mountains
west of the site to point B” utilizing historic data from wells drilled on Bureau of Land
Management (BLM) and private property west of the Facility. (Refer to Appendix A for
drilling logs of new as well as historical wells/borings.) This B-B'-B" cross section
summarizes the subsurface lithology across the site from the foot of the Lakeside
Mountains to the eastern terminus of the OWP.

A number of off-site wells were drilled by Desert Power Company to deeper depths for
water production purposes in the upland area towards the Lakeside Mountains.
Although the well logs do not provide detailed data of the alluvial sediments
encountered, depths to bedrock were recorded on these well logs and have proved
useful and thus were incorporated into cross section B-B'-B”. The deepest boring in this
upland area (well 35129) was drilled to 323 feet bgs yet did not encounter the principal
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aquifer discussed in the Regional Groundwater section of this report (Section 2.4), but
did encounter limestone bedrock at approximately 220 feet bgs. Depth to
groundwater measurements were recorded for many of these wells and are also shown
on this cross-section, but should be considered as estimated depths. This limestone
bedrock rises sharply towards the west where it is encountered approximately 150 feet
higher at well 35212 which is located furthest west, approximately 2 mile west of well
35126.

From the location of soil boring SB-7 (drilled in June 2017), located just west of the
Facility, eastward the stratigraphy is relatively well known for the first 100 feet bgs, with
four primary units that all generally dip fowards the east. A continuous layer of clay/silty
clay is present near or at the surface, occasionally overlain by a thin layer of silty
sand/fine-grained sand that includes oolitic sands, notably near the CWP. Below this is
a relatively continuous layer of well-graded sand, oolitic in part, that also includes
occasional gravel and cemented gravel. This layer thickens substantially east of the
CWP. Below this lies a thicker layer of silty sand/fine-grained sand that also includes
oolites, as the sandy units above. This layer is relatively continuous in thickness beneath
the Facility, but thins out near the east side of the OWP. A second, thicker layer of low
to medium plasticity clay/silty clay (the Deeper Silty Clay Unit) lies beneath this layer
and is continuous from west of the Facility to the east side of the OWP. Below the
Deeper Silty Clay Unit is a confinuous layer of silty sand and fine-grained sand which
contain oolites as do the sandy layers above. Below this are alternating layers of clay,
silty clay, fine-grained sands and silty sands, and gravel extending to the maximum
boring depths.

3.1.1.2. Cross Section I-I' (Figure 3-1c). Cross section I-I' extends through the eastern
edge of the CWP utilizing historical drilling logs as well as new information obtained
during the 2017 subsurface investigations (drilling logs are included in Appendix A). The
stratigraphy at this location is important because it confirms the continuous extent and
thickness of the Deeper Silty Clay Unit beneath the CWP/OWP. Confirming trends
identified in Figure 3-1b, the layers generally dip towards the east. A layer of oolite-
containing silty sand/fine-grained sand overlies an upper unit of low to medium
plasticity clay and silty clay, with a layer of oolite-containing sand and partly cemented
gravel below that thickens towards the southeast. Below thisis a 15 to 25 feet thick
layer of silty-sand/fine-grained sand that overlies the Deeper Silty Clay Unit which is
found across the extent of cross section I-I' and varies in thickness from 15 to 20 feet.
Beneath the Deeper Silty Clay Unit are layers of silty sand/fine-grained sand
interbedded with clays extending to the maximum boring depths.

3.1.1.3. Cross Section J-J’ (Figure 3-1d). The stratigraphy beneath the northern extent of
the CWP/OWP is presented in cross section J-J', which generally dips towards the east
as also seen in Figures 3-1b and c. The shallow clay/silty-clay layer found in Figures 3-1
b and c is largely not present, with the partly oolitic fine-grained sands being the first
unit encountered near the CWP, overlying a 12 to 24 feet thick layer of partly oolitic silty
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sand/fine-grained sand. The Deeper Silty Clay Unit is continuous beneath this layer from
20 to 40 feet bgs, with greater depths towards the east.

The CWP/OWP area is underlain by two stratigraphic units of low to medium plasticity
clay/silty clay, one near the surface (5-10 feet bgs) and one, the Deeper Silty Clay Unit,
found further beneath the surface (in the approximate depth range of 35-55 feet bgs).
Historical operations at the pond, notably the construction of the eastern dike of the
CWP in 1990 in response to GSL flooding, have likely impacted the shallow silty clay unit,
particularly along the northern embankment (Figure 3-1d)(ERM, 2016).

The Deeper Silty Clay Unit consists of low to medium plasticity clay and silty clays, and
historical borings as well as the subsurface investigations of 2017 have confirmed the
spatial continuity of the layer beneath the CWP/OWP as indicated on contour maps
presented in Figures 3-2a&b. The Deeper Silty Clay Unit generally dips towards the east,
with the top of the unit varying in elevation from 4208 feet amsl at its estimated western
extent approximately 1.2 miles west of the Facility, to 4168 feet amsl along the eastern
edge of the OWP (Figure 3-2a).

The thickness of the Deeper Silty Clay Unit varies between approximately 11 and 18 feet
in thickness in the area of the CWP/OWP and increases from west to east across the site
(Figure 3-2b). Variations in the top and bottom elevations of the Deeper Silty Clay near
the main plant site and office buildings likely reflect the density of historical
geotechnical borings drilled in this area prior to construction of the Facility when the
surface grade and elevation differed from current conditions and also are likely
influenced by the sampling interval used (i.e. every five feet versus continuous
sampling). Based on recent and historical drilling data, the Deeper Silty Clay Unit is
estimated to be 10 to 18 feet thick beneath the CWP/OWP area (Figure 3-2b). In
addition to verifying the spatial continuality of the Deeper Silty Clay Unit, the 2017
subsurface investigations also included obtaining samples of the Unit for geotechnical
laboratory tests (Table 3-1). These samples indicate the Deeper Silty Clay Unit to be a
medium to high plastic clay (Plasticity Index of 12-28 %) with a low percentage of sand
(average <9%) and high percentage of fines (average >91%) (Table 3-1).

Undisturbed samples of the Deeper Silty Clay Unit sediments were found to have
relatively high porosity with an average value of 43%, and low verfical hydraulic
conductivities (8x10-> to 3x10+# ft/day [3x108 to 1x107 cm/s]), indicating the Deeper Silty
Clay Unit effectively impedes hydraulic interaction between the Upper and Lower
Aquifer Zones (Table 3-1). (Aquifer properties of the shallow aquifer, both Upper and
Lower Aquifer Zones, are discussed in Section 3.3.1.)

Due to the presence of low-pH water in the CWP, the geochemical characteristics of
the sediments beneath the CWP are of importance to the relationship between surface
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water and subsurface sediments/soils and lithology, specifically the presence of ‘
potentially reactive sediments.

Clay mineralogy analyses of the Deeper Silty Clay Unit (depths approximately 35 to 55
feet bgs) identified the majority of the clay to be composed of quartz, calcite,
aragonite, dolomite, halite, plagioclase, mica/illite, and smectite.

Calcium carbonate equivalency beneath the CWP, an indication of potential reactivity
of the sediments with low-pH water, range from 20-80 percent by weight (weight %)
within the upper 20 feet and 10-50 weight% from 20 feet to 65 feet beneath the pond
(Figure 3-3). Calcium carbonate laboratory analyses indicate overall carbonate
content within the Deeper Silty Clay Unit ranges from approximately 11 to 43 percent by
weight. (Refer to the Groundwater Discharge Control Plan [Stantec, 2017] for a full
presentation of geochemical analyses results and detailed evaluation.)

The presence of significant percentages of carbonate in the sediments underlying the
CWP act to buffer the pH in the groundwater, resulting in neutral to slightly acidic
groundwater (pH > 5) despite proximity to the low pH (pH < 2) impoundment waters
(refer to Section 3.2 for a more detailed discussion of groundwater quality). However,
the carbonate containing sediments also are susceptible to dissolution due to the same
reactions that buffer the pH. An estimate of the remaining buffering capacity of soils
beneath the CWP and the Deeper Silty Clay Unit itself is 155 and 460 years assuming
constant exposure to impacted waters with an average pH of 0.59 (Stantec, 2017).

3.2 GROUNDWATER QUALITY

Groundwater beneath the Facility is not considered acceptable for human
consumption (Utah Administrative Code [UAC] R309-200 & R317-6-4.7), and due to
naturally occurring total dissolved solids (TDS) concentrations above 10,000 milligrams
per liter (mg/L) the groundwater is classified as Class IV (Saline) per UDEQ standards.
Consequently, GWDP groundwater protection levels are not prescribed but are to be
“established to protect human health and environment.” TDS concentrations near the
CWP in the Upper Aguifer Zone range from 29,000 mg/L (MW-6) on the west side of the
CWP to 300,000 mg/L (PZ-01) to the east, while concentrations in the Lower Shallow
Aquifer Zone are generally greater than 100,000 mg/L in the CWP area ranging from
56,000 to 160,000 mg/L.

In general, water quality in wells screened in the Upper Aquifer Zone immediately
downgradient of the CWP are influenced by Facility wastewater while wells located
upgradient of the CWP are not influenced by Facility wastewater. However, wells
downgradient of the CWP that are screened near the bottom of the Upper Aquifer
Zone and within the Lower Aquifer Zone, are not influenced by facility wastewater.

The following sections describe groundwater quality at the site by summarizing findings
of historical investigations, including MWH work in 2004, 2005 and 2015 and ERM in
2014/2015, as well as the recent 2017 field investigation. Section 3.2.2 summarizes results
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of three groundwater sampling rounds performed at the three wells installed in the
Lower Aquifer Zone during the 2017 field effort. For a more detailed analysis of
groundwater quality the CWP/OWP areq, refer to the 2016 Hydrologic Conceptual Site
Model (MWH 2005, 2015 & ERM, 2016).

Groundwater investigations at the Facility began in 2003 for the purposes of updating
the hydrogeologic CSM and to acquire baseline data for design and implementation
of a groundwater monitoring plan (MWH, 2006). Four quarterly groundwater monitoring
events were performed during 2004 and 2005 and included analyses of both organic
and inorganic constituents. Since that time additional groundwater sampling rounds
have been performed including field activities conducted in 2014 and 2015 in support
of the 2016 pond area Hydrologic Conceptual Site Model (ERM, 2016), sampling in the
upland area in 2015 in support of a feasibility study for a new waste pond (MWH, 2015),
and most recently groundwater sampling in 2017 in support of the GWDP application.
Except for the 2017 work, these investigations primarily focused on wells screened
above the Deeper Silty Clay Unit in the Upper Aquifer Zone. Section 3.2.2 discusses
findings of the 2017 sampling events which included newly installed wells screened in
the Lower Aquifer Zone.

3.2.1.1. General Water Quality. Groundwater beneath the site is generally classified as
Class IV (Saline) groundwater (TDS >10,000 mg/L), with higher TDS concentrations
observed (>100,000 mg/L) in deeper wells (Figure 3-5). Samples collected in 2017
confirm these findings with TDS results ranging from 32,000 mg/L to 100,000 mg/L, and a
maximum TDS concentration detected at MW-22A which is screened at the bottom of
the Upper Aquifer Zone (Table 3-2).

Groundwater across the site is typical of reducing conditions. Historical data indicate
oxygen reduction potential (ORP) values of -129 to -413 millivolts [mV]) which are
compatible with dissolved oxygen concentrations historically measured across the site
(average of 0.90 parts per million (ppm)). Results from samples collected in 2017
confirm reducing conditions in the groundwater (ORP average of -215 mV) and
average dissolved oxygen of 0.6 mg/L (Table 3-2).

3.2.1.2. pH. Field pH measurements of shallow groundwater samples collected
upgradient of The Facility (PZ-4, PMW-1S) are higher than of those near the CWP (PZ-8,
PZ-26, MW-13A, MW-14 and MW-15A). In addition, comparison of pH measured in 2005
to measurements of pH made in 2015 show a decrease in pH over time.
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Monitoring Well | Relative Locationto CWP | Monitoring Dates pH Change
Pz-8 Downgradient 6/1/2005 7.40 -1.98
7/14/2015 5.42
PZ-26 Cross Gradient 6/1/2005 6.73 -1.30
7/14/2015 5.43
PZ-3 Upgradient 5/26/2005 7.40 -0.60
7/14/2015 6.80

Measurements of pH ranged from 5.1 to 7.8 during 2017 sampling events, with pH at PZ-
8 averaging 5.8 indicating that the buffering capacity at this location has not changed
substantially since 2015. Measured pH at MW-22A, screened just above the Deeper Silty
Clay Unit, is consistently higher than wells screened over shallower depths of the Upper
Aquifer Zone (Table 3-2).

3.2.1.3. Anions/Cations. Groundwater at the site can broadly be grouped into two
categories, those generally non-impacted by wastewater (i.e. wastewater discharge
and waters of the CWP) and those impacted. These waters fall into two groups defined
by their dominant anions/cations. The impacted group located adjacent to and
downgradient of the CWP (PZ-16, PZ-10, & PZ-12) is dominated by Caz*/Mg%/Cl. The
non-impacted group, located upgradient of the CWP (MW-17, MW-19A, PZ-22 and PZ-
24) are dominated by Na*/K*/Mg?*/CI-/SO4Z. Anion/cation concentrations in PZ-6,
located on the northeastern corner of the OWP (more than one mile from the CWP), is
indicative of a mixture of the above water types, suggesting it has been impacted to a
lesser degree by wastewater. Wells sampled in the Upper Aquifer Zone during the 2017
field effort largely fall into the impacted category, with waters dominated by
Ca?zt/Mg?*/Cl- and relatively lower concentrations of Na*/K+*/SO4% (Table 3-2). MW-22A,
which is screened at the bottom of the Upper Aquifer Zone, is the exception to this
observation because anion/cation concentrations are dominated by Na*/K*/Cl-/SO4%
with relatively low concentrations of Mgzt/Ca?t. A similar distinction was identified in the
Hydrologic CSM report (ERM, 2016) in which it was noted that MW-19B, screened
significantly deeper than adjacent MW-19A, had an appreciably different chemical
signature than shallow wells in the same area (Table 3-2). These data indicate that the
groundwater in the deeper portion of the Upper Aquifer Zone are relatively unimpacted
by wastewater; this conclusion is further corroborated by the higher and near neutral
pH measured at MW-22A (Table 3-2).

3.2.1.4. Metals. Groundwater in the vicinity of the CWP has previously been found to
have elevated concentrations of arsenic, barium, cobalt, manganese, molybdenum,
nickel and zinc (ERM, 2016). Impacted groundwater in the CWP/OWP area contains
relatively higher concentrations of manganese, molybdenum and nickel relative to
locations thought to be relatively unimpacted (i.e. MW-19B and PZ-18) (ERM, 2016). Iron
also has been detected in high concentrations at impacted locations relative to
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unimpacted locations. Metals concentrations detected in PZ-6, located in the
northeastern corner of the OWP (more than one mile from the CWP), are relatively low
compared to concentrations detected in impacted groundwater located closer fo the
CWP, indicating this well has had limited impacts from wastewater. Metals
concentrations detected in samples collected in 2017 from wells screened in the Upper
Aquifer Zone are generally indicative of impacted groundwater with elevated iron,
manganese and nickel concentrations; however molybdenum concentrations were
largely not detected at the groundwater sampling locations. One exception is PZ-13,
where molybdenum was detected at a trace concentration, below the laboratory
reporting limit (Table 3-2).

MW-22A is again the exception to this pattern, with low concentrations of Iron,
manganese, nickel and iron, indicating the deeper portion of the Upper Aquifer Zone is
not impacted by wastewater (Table 3-2).

3.2.1.5. Organic Compounds. Organic constituents have been detected at varying
concentrations in groundwater at the site including dioxins/furans, polychlorinated
biphenyls (PCBs), semi-volatile organic compounds (SVOCs) and volatile organic
compounds (VOCs) (ERM, 2016). During the 2017 field investigation the only Upper
Aquifer Zone wells sampled and analyzed for organics were MW-22A and PZ-13. These
data are summarized in detail in a preliminary report which also includes an evaluation
of organic water chemistry for the wells screened in the Lower Aquifer Zone (ERM, 2017).

Dioxins/furans have been detected at groundwater and surface water sampling
locations throughout the site from the plant area (monitoring well MW-4A) to the
western edge of the OWP (piezometer PZ-6). Dioxin/furans were not detected in PZ-13
and MW-22A during the July 2017 sampling event (ERM, 2017).

PCBs were routinely detected at low concentrations in groundwater samples in the
CWP/OWP areas. With the exception of monochlorobiphenyls, concentrations of PCBs
were generally one or more orders of magnitude lower than surface water
measurements (ERM, 2016). PCBs were detected in low concentrations in PZ-13 and
MW-22A during the July 2017 sampling event (ERM, 2017).

SVOCs were detected at groundwater sampling locations at the site, notably bis(2-
ethylhexyl)phthalate, 2-methyinaphthalene, and naphthalene were detected in more
than half of groundwater samples collected and analyzed during the 2014/2015
sampling events. VOCs detected in groundwater include bromoform, chloroform,
acetone, 2-butanone, bromodichloromethane and dibromochloromethane. In
general, concentrations of SVOCs and VOCs were higher and more prevalent in
groundwater samples than in surface water samples; however, they were not as
widespread as the dioxin/furans described above, with no VOC detection in PZ-6,
located in the northwest corner of the OWP (ERM, 2016). SVOCs were generally not
detected or were reported at trace concentrations (an estimated value between the
laboratory reporting limit and the method detection limit) in samples collected during
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the July 2017 sampling effort with the exception of acetophenone which was detected
in MW-22A (ERM, 2017).

Groundwater samples were collected during June/July, August, September and
November 2017 at three new wells screened in the Lower Aquifer Zone (MW-21, MW-
22B and MW-23) (Figure 3-1a). The first round of sampling at these wells included
sampling for inorganic constituents in June 2017 and organic constituents in July 2017,
which was performed and analyzed by ERM as part of the Remedial Investigation (RI)
Phase |IA Study (ERM, 2017).

Water quality in the Lower Aquifer Zone is notably different than impacted groundwater
in the Upper Shallow Aquifer Zone which suggests the Lower Aquifer Zone is not
hydraulically connected to the impacted waters of the overlying Upper Aquifer Zone.
Following is a more detailed discussion of the water quality of the Lower Aquifer Zone.

3.2.2.1. General Water Quality. TDS concentrations in wells screened in the Lower
Aquifer Zone (56,000 to 160,000 mg/L) are generally higher than in those screened in the
Upper Aguifer Zone (32,000 to 100,000 mg/L). These TDS values also classify the
groundwater in the Lower Aquifer Zone as Class IV groundwater. Both zones of the
shallow aquifer can be classified as hypersaline (TDS > 35,000 mg/L). Groundwater in
the Lower Aquifer Zone is typical of reducing conditions (with oxygen reduction
potential average value of -377 mV) and an average dissolved oxygen concentration
of 0.40 mg/L.

3.2.2.2. pH. Field measured groundwater pH results in the Lower Aquifer Zone range
between 6.7 and 7.5, which are generally higher than values measured in the Upper
Aquifer Zone.

3.2.2.3. Anions/Cations. Groundwater of the Lower Aquifer Zone is characterized as
Na*/Cl-/SO4% type water with relatively low concentrations of Mg?*/Ca?* relative to
impacted groundwater of the Upper Aquifer Zone.

3.2.2.4. Metals. Sodium, magnesium, manganese, calcium, and potassium are all
consistently found in wells screened in the Lower Aquifer Zone, while all other metals are
sporadically detected, detected at trace levels, or not detected (Table 3-2). Metals
indicative of wastewater and impacted groundwater (iron, manganese, molybdenum
and nickel) are generally non-detect or low with the exception of manganese which is
consistently found at MW-23 (Table 3-2).

Organic Compounds. Total PCB concentrations were detected at low concentrations
in Lower Aquifer Zone wells, and these detections are likely due to laboratory
contamination or low-level laboratory background (noise). In addition, the organics
that are indicative of the wastewater stream (PCB-209, octachlorodibenzofuran and
halogenated organic compounds) were not detected in any wells screened in the
Lower Aquifer Zone (ERM, 2017). VOCs detected in the Lower Aquifer Zone were limited
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to benzene, carbon disulfide, ethylbenzene and toluene and are well below Utah
water quality criteria and Groundwater Quality Standards (ERM, 2017).

3.3 HYDROGEOLOGY OF THE OWP AND CWP AREA

Groundwater beneath the CWP area is divided into three primary units: the Upper
Aquifer Zone (0-33.5 feet bgs), the Deeper Silty Clay Unit (33.5-49.5 feet bgs), and the
Lower Aquifer Zone which extends below approximately 49.5 feet bgs to an
undetermined depth. The Upper Aquifer Zone is an unconfined aquifer that extends
down to the Deeper Silty Clay Unit which effectively acts as a confining layer and forms
the upper boundary of the Lower Aquifer Zone.

Several investigations have characterized the properties of the Upper Aquifer Zone, to a
limited extent the Lower Aquifer Zone, and the Deeper Silty Clay Unit in the OWP/CWP
area (MWH, 2004 ERM, 2016).

3.3.1.1. Geotechnical Laboratory Analyses. During the 2017 drilling activities,
geotechnical samples were collected from ten borings/wells in the area of the CWP
including 4 new monitoring well borings. Soil samples were analyzed for grain size,
plasticity, and Unified Soil Classification System groups, as well as porosity and hydraulic
conductivity. Sample locations, depths, results, and associated hydrogeologic units for
these samples are listed in Table 3-1.

Vertical hydraulic conductivity tests were conducted on undisturbed samples collected
from the Deeper Silty Clay Unit and the deeper intervals of the Upper Aquifer Zone in
2017. Vertical hydraulic conductivity results are generally lower than horizontal
hydraulic conductivity values most likely due to the anisotropic nature of clay particles
present throughout the sediments caused by the typical horizontal alignment of clay
minerals (Table 3-1). Vertical hydraulic conductivity values in the Deeper Silty Clay Unit,
which impedes upward flow to the Lower Aquifer Zone, are in the range of 7.9x10
ft/day (3x108 cm/s) to 3.1 x10# ft/day (1x107 cm/s) whereas the Upper and Lower
Aquifer Zones have vertical hydraulic conductivities at least an order of magnitude
higher, in the 2.3x104 ft/day (8.0x10® cm/s) to 1.6x10" ft/day (5.6x10-5 cm/s) range
(Table 3-1).

Laboratory porosity results for the three primary hydrogeological units are inversely
related to hydraulic conductivity, with higher porosities measured in samples collected
from the Deeper Silty Clay Unit (~43%) and lower porosities measured in the Upper and
Lower Aquifer Zones (~23-26%) (Table 3-1). While the presence of fine-grained silts and
clays increases the porosity of the Deeper Silty Clay Unit, the tight packing of this
material in a silty clay (CL, CH) results in limited interconnectivity of the pores and
therefore an inverse relationship between hydraulic conductivity and porosity.

3.3.1.2. Aquifer Tests. In order to better characterize horizontal hydraulic conductivities
across the site, pneumatic slug tests were performed at ten wells across the site (Table
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3-3). In addition to pneumatic slug tests, a 48-hour pumping test was performed at ‘
MW-22B, screened below the Deeper Silty Clay Unit, in order fo characterize the
hydraulic conductivity of the Lower Aquifer Zone (Table 3-4). The pumping test also was
used to observe any hydraulic response in observation wells screened in the Upper
Aquifer Zone (above the Deeper Silty Clay Unit) and in the Lower Aquifer Zone. Water
level responses were recorded in four observation wells/piezometers screened in the
Upper Aquifer Zone (MW-22A, PZ-10, PZ-6, and MW-13A), and in five wells screened in
the Lower Aquifer Zone (MW-21, MW-23, PZ-28, MW-10, and MW-9). Negligible to no
drawdown was observed in observation wells/piezometers completed in the Upper
Aquifer Zone: minimal drawdown (0.24 feet) was observed at MW-22A, screened just
above the Deeper Silty Clay Unit; and no response was observed at the other
observation wells screened in the Upper Aquifer Zone. No impact on water levels in
observation wells/piezometers completed in the Lower Aquifer Zone were observed.
Results and analysis of the 2017 aquifer tests are presented in Appendix B.

Horizontal hydraulic conductivities for the Upper and Lower Aquifer Zones were
calculated from data collected during pumping tests conducted in 2004 and 2017.
Upper Aquifer Zone horizontal hydraulic conductivity results are in the range of 14 to 30
ft/day, whereas horizontal hydraulic conductivity results for the Lower Aquifer Zone are
generally lower, in the range of 0.7 to 4 ft/day due to the higher percentages of silty
sands and clays observed within the Lower Aquifer Zone (Table 3-4).

Groundwater levels within the Upper Aquifer Zone range from approximately 4,215 feet
amsl (PZ-03) west of the site to approximately 4,202 feet amsl (PZ-6) at the Northeast
corner of the OWP (Table 3-5), with a calculated gradient of approximately 0.00096
across the site. Measured groundwater level elevations indicate horizontal
groundwater flow direction within the shallow aquifer is generally from southwest to
northeast with a groundwater mound in the vicinity of the wastewater discharge
ditches that convey wastewater to the CWP and in the vicinity of the Star Pond (Figure
3-4q, b).

Due to the large variability in TDS (density) across the site, application of a density
correction factor (see Section 3.3.3 for methodology used) has been applied to all
measured groundwater elevations in order to account for density driven gradients
which generally counter-act hydraulic gradients. Applying a density adjustment
referenced to the waters of GSL effectively dampens the gradient to 0.00081 across the
site (Figure 3-4a,b).

Water levels in the Lower Aquifer Zone range from approximately 4,217 feet amsl (MW-
02) to the west of the site to approximately 4,202 feet amsl (MW-10) at the northeast
corner of the OWP (Table 3-5), with a (uncorrected) gradient of approximately 0.0011
across the site and a corrected gradient of approximately 0.00081 (Figure 3-4c,d).
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Horizontal groundwater flow within the deeper aquifer is generally from the west to east
(Figure 3-4c,d).

Higher groundwater elevations in the Lower Aquifer Zone demonstrate a vertical
hydraulic gradient that induces a slight upward flow of groundwater within the
OWP/CWP areq; this is particularly evident for density corrected vertical hydraulic
gradient calculations (Table 3-6). This indicates the CWP lies in the discharge zone
within the regional groundwater system (Table 3-6).

Groundwater elevations are typically highest in late spring following recharge from
melting snow in the nearby lakeside mountains and typically higher precipitation, and
lowest in late summer following months of low precipitation and high
evapotranspiration (Table 3-5). Groundwater elevations begin to increase again by
December, due to increased precipitation and low evapotranspiration, however these
changes do not alter the flow direction of groundwater within the Facility area (Figures
3-4e,f, g, h).

Due to the variable salinity of groundwater found beneath the site, density corrections
to measured water levels have historically been utilized to account for density driven
gradients (MWH 2004, ERM 2016, Post 2007). These reports have generally utilized a
density correction referenced to freshwater. However, since GSL is the ultimate
receiving body of the groundwater (i.e. discharge point) a density correction
referenced to the waters of GSL water has been utilized. This has the same effect as a
freshwater correction, in that it adds a correction factor to account for density
gradients within the water, which results in a dampened hydraulic gradient at the site
as described below. The corrected densities were calculated utilizing the following
equation:

Pwell

Wleorr = (WLuncorr 3 WLGSL) " ( )] + Wigg,,

PesL
Where:

WLeor is the water elevation with a density correction applied,
Wluncor is the measured water elevation in the well,

Wlest is the GSL water elevation,

Pwel is the density of the water in the well, and

pasLis the density of GSL water

3.4 SURFACE WATER AND GROUNDWATER INTERACTIONS

The presence of large, unlined ponds sitting above an unconfined, shallow aquifer result
in hydraulic connectivity between the surface water and groundwater. As part of the
2016 CSM, chemical signatures of wastewater and impacted and non-impacted
groundwater were utilized to identify locations of groundwater and surface water
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interactions. For a detailed analysis of these findings see the 2016 Hydrologic CSM
report (ERM, 2016).

In general surface water conveyed through unlined ditches to the CWP and waters of

the CWP discharge wastewater to the Upper Aquifer Zone beneath the pond; however,

based on pond water and groundwater quality data, impacts of this discharge
appears to be limited to the uppermost portion of the Upper Aquifer Zone, because
water quality in the deeper portions of the Upper Aquifer Zone and the Deeper Aquifer
Zone are not indicative of interactions with the Facility wastewater.

Standing water located downgradient of the CWP within the footprint of the OWP, as
well as standing water located north of the CWP, are indicative of locations where
groundwater is discharging to the surface. Water quality data from surface water
samples collected north of the CWP have two distinct signatures, one indicative of
wastewater and the other indicative of upgradient groundwater. This indicates that
some upgradient, unimpacted groundwater is discharging to the ground surface at this
location in addition to impacted wastewater. Water quality of standing water located
east of the CWP, within the footprint of the OWP, is indicative of wastewater and is likely
seepage from the CWP either through or beneath the eastern CWP embankment.

Data from several historical investigations (2004/2005, 2014/2015) were used to develop
and refine conceptual geological and hydrogeological models for the CWP/OWP
aread, and additional data were collected in 2017 to fill identified data gaps to support
a GWDP application for a proposed Retrofitted Waste Pond at the Facility.
Characteristics of the updated CSM have been input into a computer groundwater
flow model that has been used to support the proposed Groundwater Discharge
Control System conceptual design, as discussed in detail in the Groundwater Discharge
Control Plan (Stantec, 2017).

Data collected during the 2017 subsurface investigation filled key hydrogeologic data
gaps pertinent to the GWDP application, as described in the following subsections.

4.1 CHARACTERIZATION OF SHALLOW AQUIFER AND DEEPER SILTY
CLAY UNIT

Subsurface investigation data collected in 2017 confirmed that the shallow aquifer in
the area of the CWP/OWP can be separated into three distinct units: (1) an Upper
Aqguifer Zone (extending to ~35 feet bgs); (2) the Deeper Silty Clay Unit (observed within
an approximate interval of 35-55 feet bgs); and (3) a Lower Aquifer Zone (below
approximately 55 feet bgs).

The Deeper Silty Clay Unit was found to be continuous across the CWP/OWP area and
to range in thickness between approximately 11 and 18 feet. Laboratory vertical
hydraulic conductivity results from seven samples collected from the Deeper Silty Clay
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Unit in 2017 indicate vertical hydraulic conductivity of the Deeper Silty Clay is at or
below 1 x 107 cm/s (results range between 1.1 x 107 and 2.8 x 108 cm/s).

A 48-hour pumping test conducted in the Lower Aquifer Zone in 2017 resulted in
negligible response in the nested well installed adjacent to the pumping well and
completed immediately above the Deeper Silty Clay Unit. No drawdown response at
all was observed at eight additional observation wells/piezometers completed in the
Upper and Lower Aquifer Zones. These results indicate negligible to zero hydraulic
interaction between the two shallow aquifer zones during the test.

4.2 GENERAL GROUNDWATER QUALITY

Groundwater beneath the site is classified as Class IV (Saline) groundwater (TDS >10,000
mg/L), with higher TDS concentrations observed (>100,000 mg/L) in deeper wells.
Samples collected in 2017 confirm these findings with TDS results ranging from 17,000
mg/L to 190,000 mg/L, with higher TDS concentrations generally occurring in the Lower
Aquifer Zone and near the Star Pond in the Upper Aquifer Zone.

Field pH measurements of shallow groundwater samples collected upgradient of the
Facility (PZ-4, PMW-1S) are higher than of those near the CWP (PZ-8, PZ-26, MW-13A,
MW-14 and MW-15A). In addition, comparison of pH measured in 2005 to
measurements of pH made in 2015 and 2017 show a decrease in pH over fime,
indicating a decrease in the buffering capacity of the calcium carbonate rich
sediments in the area of the CWP.

Groundwater at the site can broadly be grouped into two categories, groundwater
that is generally not impacted by wastewater and groundwater that has been
impacted. These waters fall into two groups defined by their dominant anions/cations.
The impacted group located adjacent to and downgradient of the CWP (PZ-16, PZ-10,
& PZ-12) is dominated by Ca?2*/Mg?*/Cl. The non-impacted group, located upgradient
of the CWP (MW-17, MW-19A, PZ-22 and PZ-24) is dominated by Na*/K*/Mg?/Cl-/SO4Z.

4.3 SUBSURFACE SOIL GEOCHEMICAL EVALUATION

A geochemical evaluation of subsurface sediments of the Upper Aquifer Zone and the
Deeper Silty Clay Unit indicate the presence of significant percentages of carbonate in
the sediments underlying the CWP. These carbonates will provide a significant buffering
capacity for low pH impacted groundwater over time. However, the carbonate
containing sediments also are susceptible to dissolution due to the same reactions that
buffer the pH. An estimate of the remaining buffering capacity of soils beneath the
CWP and the Deeper Silty Clay Unit itself is 155 and 460 years assuming constant
exposure to impacted waters with an average pH of 0.59. (Refer to the geochemical
evaluation included in the Groundwater Discharge Control Plan for more detailed data
evaluation and discussion [Stantec, 2017]).
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TABLE 3-1

GEOTECHNICAL TEST RESULTS FOR UNDISTURBED SOIL SAMPLES - JUNE 2017
GROUNDWATER DISCHARGE PERMIT APPLICATION

US MAGNESIUM, ROWLEY, UTAH

. Sarpling Unified Soil By - - L Total ~ Uauid  Plastic Plasficlly G vl sand  Fines Hydrauic Hydraulic . i
Boring ID Interval Classificati Content Weight Porosity (% Limit Limit Index %) P %) Conductivity Conductivity Associated Shallow Aquifer Unit
(ft bgs)® fication (%) pep TR oy @ (%) 5 & = (cm/s) (ft/day)
17 19 SM - - - NP NP NP 0.0 79.2 20.8 - -
26 25 M = - = NP NE NP 0.1 7o 25.3 F = Upper Aquifer Zone (0-33.5 ft bgs)
28 29.5 - 15.87 126.4 16.3 - - = - - - 1.7E-06 4 8E-03
35 37 cL - - - 36 19 17 0.0 21.0 79.0 - -
MW-21 36 38 - 23.85 112.9 26.4 - - - - - = 4.8E-08 1.4E-04
41 43 = 22.98 99.6 31.1 = - - - - - 2.8E-08 7.9E-05 Deeper Silty Clay Unit (33.5 - 49.5 ft bgs)
47 49 CL - - - 46 22 24 0.0 2.4 97.6 -
50 52 GL - - - 37 19 18 0.0 273 12:7 - -
55 57 SM - - - NP NP NP 0.0 73.1 26.9 - = Lower Aquifer Zone (below 49.5 ft bgs)
61 63 - 20.33 119, 227 - - - - - - 5.7E-05 1.6E-01
13 16 SM - - - 51 37 14 12.4 68.6 19.0 - -
23 25 SM - - - NP NP NP 0.0 728 27.2 - e Upper Aquifer Zone (0-36.0 ft bgs)
29.5 315 - 14 128.9 28.6 = - - - - - 7.3E-08 2.1E-04
a7 39 CL - - - 45 22 23 0.0 6.0 94.0 - -
MW-22B me.m wwww cL wwx.w ow.w AW._ 4 2 20 00 8.9 911 _._‘m. . w._.m. o Deeper Silty Clay Unit (36.0 - 48.5 ft bgs)
45.5 47.5 - 39.6 90.8 53.7 - - - - - - 6.2E-08 1.8E-04
549 56.9 - 34.7 93.2 50.4 - -- - - - - 2.0E-07 5.7E-04
57 60 §C - - - 27 19 8 0.0 56.2 43.8 - - Lower Aquifer Zone (below 48.5 ft bgs)
63 65 SM - - - NP NP NP 0.0 79.2 20.8 - -
14 16 CH - - 77 27 50 0.0 3.5 96.5 - -
25.0 27.0 SM - - NP NP NP 0.0 74.7 25.3 - - Upper Aquifer Zone (0-36.0 ft bgs)
27.0 29.0 - 16.62 121.6 34.9 - - = - - - 2.1E-06 6.0E-03
45.0 47.0 CH - - 51 23 28 0.0 8.1 94.9 - -
47.0 49.0 - 32.04 97.6 49.8 - - - - - - 3.4E-08 9.6E-05 . '
MW-23 520 54.0 cL = _ 44 21 23 0.0 5.7 943 i 5 Deeper Silty Clay Unit (43.0 - 52.8 ft bgs)
52,0 540 - 34.37 98.3 50.7 - - - - - - 4.1E-08 1.2E-04
62.0 64.0 SM - = NP NP NP 0.0 70.4 29.6 - -
65.0 67.0 cL - - 41 19 2 0.0 10.9 89.1 - - Lower Aquifer Zone (below 52.8 ft bgs)
67.0 69.0 - 29.89 98.9 47.7 - - - — - - 8.2E-08 2.3E-04
$B-1 36.0 37.0 CL - - - 39 20 19 0 10.1 89.9 - - . ] @
- 420 43.0 cL IF . _ A1 2 19 0 7. 929 o > Deeper Silty Clay Unit (>36 ft bgs)
$B-2 42.4 43.1 CL - = - 38 19 19 0 13.8 86.2 - - . ) (a)(b)
9 453 46.0 cL _ _ = 41 2 19 0 48 952 . _ Deeper Silty Clay Unit (>41.5 ft bgs)
$B-3 37.5 38.2 [ - - - 34 19 15 0 12 88 - - b i . (@)ib)
- 403 410 cL S _ s 49 24 25 0 51 949 _ » eeper Silty Clay Unit (>36.7 ft bgs)
SB-4 3%.0 40.0 CL - - - 44 23 21 0 72 928 - - B . ) @
4 44.0 45.0 cL _ . _ 45 23 22 0 3 97 1 = eeper Silty Clay Unit (>37.2 ft bgs)
SB-5 311 31.8 CL - - - 36 19 17 0 8.1 919 — - 5 i (@)
= 339 34.6 cL _ ] - 37 21 16 0 10.6 89.4 i o Deeper Silty Clay Unit (>29.4 ft bgs)
30.4 31 CL - - - 28 16 12 0 23.2 76.8 - -
SB-6 34.6 35.4 CL - - - 35 19 16 0 153 84.7 - - Deeper Silty Clay Unit (>29.3 ft bgs)©
37.5 38.2 CL - - - 39 22 17 0 11.1 88.9 - -
20.0 22.0 SM - - - NP NP NP 0 73.1 26.9 - - Upper Aquifer Zone (0-24.5 ft bgs)
26.0 28.0 - 27.97 255 45.3 - - - - - - 8.7E-08 2.5E-04 } )
SB-7 33.0 350 cL g . & 38 2 17 0 125 87.5 _ . Deeper Silty Clay Unit (26.5 - 34.5 ft bgs)
38.0 40.0 SM = = = NP NP NP 0 86.4 13.6 = = Lower Aquifer Zone (below 34.5 ft bgs)

Soil samples were collected from soil borings drilled beneath and adjacent to the current waste pond at the US Magnesium Facility on June 8 through 22, 2017.
(a) Soil borings SB-1 through SB-6 were advanced to the deeper silty clay unit, but did not fully penetrate the deepersilty clay unit.

(b) Soil borings SB-2, SB-3, SB-5, and SB-6 were drilled at a 45-degree angle from the horiztonal. Actual soil sample identifications in geotechnical laboratory reports reflect the interval along the boring length, not depth bgs.
Sample depths for angled borings were calculated assuming the angle of drilling remained at a constant 45-degree angle.

Notes:

SM
sC
CL
CH

bgs

cm/sec
1D
pcf
NP
GWDP

not analyzed

silty sand

clayey sand

lean clay

fat clay

below ground surface
centimeters per second
identification

pounds per cubic foot
nonplastic
groundwater discharge permit

sample collected from the Upper Aquifer Zone
sample collected from the Deeper Silty Clay Unit
sample collected from the Lower Aquifer Zone

Laboratory methods used:
ASTM D2487 Classification of Soils for Engineering Purposes
ASTM D422  Particle Size Analysis with Hydrometer
ASTM D4318 Liquid Limit, Plastic Limit, and Plasticity Index of Soils
ASTM D5084 Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter




TABLE 3-2
MAIN DITCH AND BASELINE GROUNDWATER QUALITY

US MAGNESIUM, ROWLEY, UTAH
(Page 1 of 4)

Main Ditch MW-13B MW-15B
Analyte Units | mCL@® (Surface Water) 9-19)’ 9-19)"
6/29/2017 9/14/2017 11/20/2017 | 2/4/2014 8/9/2017 9/14/2017 11/2/2017 | 2/5/2014 8/9/2017 9/14/2017 11/2/2017 1 1{;{,2;;1 d
Total Aluminum ug/L 50 to 200 1,800 3,400 1,400 5,400 <1000 <1000 <1000 6,200 6,300 7,100 6,100 6,100
Dissolved Aluminum ug/L 1,600 - - 5,600 <1000 - - 6,000 6,000 -- - -
Total Antimony ug/L s <2.0 <100 <100 09J <100 <100 <100 0.78J <100 <100 <100 <100
Dissolved Antimony ug/L <2.0 - - 0.75J) <100 - - 0.73J <100 - - -
Total Arsenic ug/L 10 150 84 110 30 <50 <50 <50 42 68 66 95 %6
Dissolved Arsenic ug/L 120 - - 28 <50 - - 43 50 - - -
Total Barium ug/L 2,000 <5.0 <250 <250 350 <250 <250 <250 330 630 730 820 830
Dissolved Barium ug/L <5.0 -- - 330 <250 -- -- 320 620 - - -
Total Cadmium ug/L 5 <1.0 <50 <50 194 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Cadmium ug/L <1.0 - -- 15 <50 -- - <1.0 <50 -- - --
Total Calcium mg/L NA 918 257D 303 7,500 4,570 D 3,970 D 3,560 D 7.500 13,300 D 13,400 D 13,800 D 14,500 D
Dissolved Calcium mg/L 217 - - 7,300 4,780 D — - 7,400 13,400 D - - -
Total Chromium ug/L 100 300 <100 <100 <2.0 <100 <100 <100 294 <100 <100 <100 <100
Dissolved Chromium ug/L 290 - - <2.0 <100 - - 27J <100 -- - -
Total Cobalt ug/L NA <1.0 <50 <50 47 J <50 <50 <50 85 120 180 190 190
Dissolved Cobalt ug/L <1.0 - — 52 <50 - - 84 120 - - -
Total Copper ug/L 1,300 <2.0 120 <100 <2.0 <100 <100 <100 8.5J <100 130 <100 <100
Dissolved Copper ug/L <2.0 -- - <2.0 <100 - -- <20 <100 - - -
Total Iron ug/L 300 420,000 200,000 160,000 67,000 J 5,500 8,400 16,000 93,000 190,000 210,000 310,000 310,000
Dissolved Iron ug/L 370,000 - - 69,000 J 4,700 - - 91,000 180,000 - - --
Total Lead ug/L 15 <1.0 <50 <50 <1.0 <50 <50 <50 <1.0 130 <50 60 63
Dissolved Lead ug/L <1.0 - - <1.0 <50 - - <1.0 <50 - - --
Total Magnesium mg/L NA 943 3970D 3180D 4,100 4,150D 3,860 D 3,300 D 3,500 6,300 D 6,480 D 7,750 D 8,200 D
Dissolved Magnesium mg/L 865 - - 3,800 4,260D - - 3,400 6,350 D - - --
Total Manganese ug/L 50 290 560 320 8,000 310 230 250 11,000 15,000 16,000 21,000 21,000
Dissolved Manganese ug/L 300 - - 8,200 320 - - 11,000 15,000 - - -
Total Mercury ug/L 2 <0.1 0.2 0.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Dissolved Mercury ug/L <0.1 - -- <0.1 <0.1 - -- <0.1 <0.1 - - -
Total Molybdenum ug/L NA <2.0 <100 <100 28 <100 <100 <100 50 <100 <100 <100 <100
Dissolved Molybdenum ug/L <2.0 - -- 17 <100 -- -- 44 <100 - - -
Total Nickel ug/L NA 150 <50 60 160 J <50 <50 59 260 500 700 660 670
Dissolved Nickel ug/L 130 - - 180 J <50 - - 250 480 -- - -
Total Potassium mg/L NA 55 88.1D 65 340 970D 1130 D 836D 150 313D 348D 319D 339D
Dissolved Potassium mg/L 52 -- - 320 962 D - - 150 313D - - -
Total Selenium ug/L 50 <5.0 <250 <250 2.7.4 <250 <250 <250 24 <250 <250 <250 <250
Dissolved Selenium ug/L <5.0 - - 2.8J <250 - - <5.0 <250 - - -
Total Silver ug/L 100 <1.0 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Silver ug/L <1.0 - - <1.0 <50 -- - <1.0 <50 - - -
Total Sodium mg/L NA 1,140 1160 DJ+ 1190 D 4,800 J 11,300D 12,800 DJ+ 10,500 D 1,600 2,700D 2,750 DJ+ 2,700 D 2,840D
Dissolved Sodium mg/L 1,090 -- - 4,500 11,100 D - - 1,600 2,650 D - - -
Total Thallium ug/L 9 <1.0 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Thallium ug/L <1.0 -- - <1.0 <50 - - <1.0 <50 - -- -
Total Vanadium ug/L A 900 <100 140 7.34 <100 <100 <100 851 <100 <100 <100 <100
Dissolved Vanadium ug/L 740 -- - <2.0 <100 - -~ 8.2J <100 - -- -
Total Zinc ug/L 5,000 320 110 260 350 J 170 <100 <100 370 560 650 910 930
Dissolved Zinc ug/L 320 - - 350 J <100 - - 360 370 - - —
Bromide mg/L NA - <100 D 40D <0.1 <100 D <100 D <100 D <0.1 <100 D <100D <100 D 100 D
Chloride mg/L 250 - 15,000 D 14,000 D 33,000 41,0000 43,000 D 40,000 D 29,000 45,0000 53,000 D 59,000 D 59,000 D
Cyanide ug/L 200 20 <10 <10 30 <25D <10 <10 47 J 44D 19 <10 <10
Fluoride mg/L 4 - <100 D <10D 18 <100 D <100 D <100 D 20 <100 D <100 D <100 D <100 D
Nitrate lon mg/L NA - 110D <10D - <100 D 120 D <100 D - <100 D 110D <100 D <100 D
Nitrate-N mg/L 10 - 25D <23D 0.29 J <23D 28D <23D 0.36 J <23D 24D <23D <23D
Nitrite lon mg/L NA - <100 D <10D - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D
Nitrite-N mg/L 1 - <31 D <3.1D <0.0305 <31 D <31 D <31D <0.0305 <31 D <31 D <31 D <31 D
Perchlorate ug/L NA 1.8 2.4D - 490 J 280 D 1.2FD <5D 0.6 <200 D 1.2FD <5D <5D
Phosphorus, Total (as P) | mg/L NA - <100D <10D - <100D <100 D <100 D - <100 D <100 D <100 D <100 D
Phosphate-P mg/L NA - <33D <3.3D <0.0327 <33 D <33D <33D <0.0327 <33D <33D <33 D <33 D
Sulfate mg/L 250 - 400 D 300 D 1,900 2,800D 2,600 DJ+ 2,800 D 1,300 1,100 D 950 D 840 D 890 D
Total Alkalinity mg/L NA ND <20 - 760 210 160 180 830 680 280 470 400
Total Dissolved Solids mg/L 2,000 9,400 17,000 14,000 64,000 53,000 63,000 38,000 58,000 60,000 73,000 64,000 63,000
Hexavalent Chromium ug/L 100 - - - 0.377 J - - - 0.634 <1.0U - -- -
pH NA 0.0 2.4 0.5 5.9 6.4 7.4 6.3 5.3 5.4 6.1 5.1 5.1
Conductivity mS/cm NA - 35.6 63.2 69.5 87.6 77.5 88.7 56.0 87.3 90.7 72.6 72.6
DO mg/L NA 3.1 4.6 5.0 0.0 0.2 0.1 0.7 0.0 0.2 0.0 0.3 0.3
ORP mV NA - 1015.7 - 26.0 -235.2 -263.8 -238.0 -12.0 -50.1 -130.3 -42.1 -42.1
Turbidity NTU NA 110.0 340.5 - 206.0 55 20.7 0.5 130.0 45.0 326.0 0.5 0.5
Chlorine mg/L NA - - 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.1 0.0 0.0
Temperature C NA 33.5 23.0 15.3 10.2 21.5 18.0 17.0 92 20.0 20.1 19.3 19.3

@MCLs are provided for reference only, as groundwater in the waste pond area is Class IV.
Bold Concentration above MCL; for comparative purpose only, MCLs are not applicable to Class IV groundwater.
' Not Analyzed
C Degrees Celcius
ug/L micrograms per liter
bgs below ground surface
D Sample dilution required for analysis: reported values reflect the dilution.
F Analyte was positively identified but the reported concentration is estimated; reported concentration is less than the reporting limit, but greater than the method
detection limit.
J  Data are estimated due to associated quality control data.
J-  Data are estimated and are potentially biased low due to associated quality control data.
J+ Data are estimated and are potentially biased high due to associated quality control data.
MCL drinking water maximum contaminant level
mg/L milligrams per liter
m$/cm microsiemens per centimeter
mV  millivolts
NA  No MCL established
NTU Nephelometric Turbidity Unit
UJ Potential low bias, possible false negative.




TABLE 3-2
MAIN DITCH AND BASELINE GROUNDWATER QUALITY
US MAGNESIUM, ROWLEY, UTAH
(Page 2 of 4)

MW-21 MW-22A MW-22B
Analyte Units | MCL® (50-60)’ (24-34)" (54-64)
7/13/2017 8/9/2017 9/13/2017 11/1/2017 | 7/12/2017 8/8/2017 9/13/2017 11/1/2017 | 7/12/2017 8/8/2017 9/13/2017 9/23{]2;‘;17 11/1/2017
Total Aluminum ug/L 50 16 200 <20 <1000 <1000 <1000 <20 <1000 <1000 <1000 <20 <1000 <1000 <1000 <1000
Dissolved Aluminum ug/L <20 <1000 — — <20 <1000 - - <20 <1000 - -- -
Total Antimony ug/L 6 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <100
Dissolved Antimony ug/L <2.0 <100 - - <2.0 <100 - - <2.0 <100 - - -
Total Arsenic ug/L 10 39 <50 <50 <50 341 57 <50 <50 I 45) <50 <50 <50 <50
Dissolved Arsenic ug/L <1.0 <50 - - 42 ) 55 - - 351 <50 - - -
Total Barium ug/L 2,000 46 <250 <250 <250 42 <250 <250 <250 l 28 <250 <250 <250 <250
Dissolved Barium ug/L 27 <250 - - il <250 - -- 24 J <250 - - -
Total Cadmium ug/L 5 <1.0 <50 <50 <50 <1.0 <50 <50 <50 | <1.0 <50 <50 <50 <50
Dissolved Cadmium ug/L <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - --
Total Calcium mg/L NA 390 661D 721 D 698 D 470 785D 713D 662D I 370 718D 708 D 698 D 673D
Dissolved Calcium mg/L 440 708 D - - 420 732D - - 290 696 D - - -
Total Chromium ug/L 100 <20 <100 <100 <100 <2.0 <100 <100 <100 | <2.0 <100 <100 <100 <100
Dissolved Chromium ug/L <2.0 <100 - = <2.0 <100 - -- <20 <100 - - -
Total Cobalt ug/L NA <1.0 <50 <50 <50 <1.0 <50 <50 <50 | <1.0 <50 <50 <50 <50
Dissolved Cobalt ug/L <1.0 <50 - -- <1.0 <50 -- - <1.0 <50 -- - -
Total Copper ug/L 1.300 <2.0 <100 <100 170 <2.0 <100 <100 150 | <20 <100 <100 <100 130
Dissolved Copper ug/L <2.0 <100 - - <2.0 <100 - - <2.0 <100 - - -
Total Iron ug/L 300 <50 <2500 2,500 3,800 <50 <2500 <2500 3,100 | <50 <2500 2,500 <2500 3,700
Dissolved Iron ug/L <50 <2500 - - <50 <2500 - - <50 <2500 - - -
Total Lead ug/L 15 <1.0 <50 <50 <50 <1.0 <50 <50 <50 | <1.0 <50 <50 <50 <50
Dissolved Lead ug/L <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - -
Total Magnesium mg/L NA 1,300 2,210D 2,370D 2,230D 1,700 2,560 D 2,360 D 2,070 D | 1,200 2,360 D 2,400 D 2,360 D 2210D
Dissolved Magnesium mg/L 1,400 2,400 D -~ - 1,500 2,380 D - - 950 2,270D - - -
Total Manganese ug/L 50 93 53 <50 <50 210 250 72 99 l <1.0 <50 <50 <50 <50
Dissolved Manganese ug/L 49 J 56 - - 250 240 - - <1.0 <50 - - -
Total Mercury ug/L 2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 ] <0.1 <0.1 <0.1 <0.1 <0.1
Dissolved Mercury ug/L <0.1 <0.1 - -- <0.1 <0.1 - - <0.1 <0.1 - - -
Total Molybdenum ug/L NA <2.0 <100 <100 <100 <20 <100 <100 <100 I <20 <100 <100 <100 <100
Dissolved Molybdenum | ug/L <2.0 <100 - -- <2.0 <100 - - <2.0 <100 -- - -
Total Nickel ug/L NA <1.0 <50 <50 <50 <1.0 <50 <50 <50 l <1.0 <50 <50 <50 <50
Dissolved Nickel ug/L <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - -
Total Potassium mg/L NA 930 1,760 D 1,890 D 1,640 D 1,100 1,820 D 1,820 D 1,480 D | 920 1,840 D 1,970D 1,960 D 1,700 D
Dissolved Potassium mg/L 1,000 1,850 D - - 970 1,700 D - - 740 1,800 D - - --
Total Selenium ug/L 50 <50 <250 UJ <250 UJ <250 <5.0 <250 <250 <250 l <5.0 <250 <250 <250 <250
Dissolved Selenium ug/L <5.0 <250 UJ - - <5.0 <250 UJ - - <5.0 <250 - - -
Total Silver ug/L 100 <1.0 <50 <50 <50 <1.0 <50 <50 <50 I <1.0 <50 <50 <50 <50
Dissolved Silver ug/L <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - -
Total Sodium mg/L NA 26,000 32,2000  34,400D 33,800 D 23,000 32,2000  32,500D 29,700 D l 26,000 35000D 35,200 D 33,100 D 33,800 D
Dissolved Sodium mg/L 26,000 33,300 D - - 22,000 29,700 D - - 22,000 33,500 D - - -
Total Thallium ug/L 9 <1.0 <50 <50 <50 <1.0 <50 <50 <50 [ <1.0 <50 <50 <50 <50
Dissolved Thallium ug/L <1.0 <50 - - <1.0 <50 e s <1.0 <50 - - --
Total Vanadium ug/L NA <2.0 <100 <100 <100 <20 <100 <100 <100 l <20 <100 <100 <100 <100
Dissolved Vanadium ug/L <2.0 <100 - -- <2.0 <100 - - <2.0 <100 - - -
Total Zinc ug/L 5,000 <2.0 160 <100 <100 <20 <100 <100 <100 [ <20 <100 <100 <100 <100
Dissolved Zinc ug/L <2.0 110 - - <20 <100 - - <2.0 <100 - - -
Bromide mg/L NA 28J <100 D <100D <100 D <1.0 <100 D <100 D <100 D 34J <100 D <100 D <100 D <100 D
Chloride mg/L 250 61,000 54,000D 48,000 D 54,000 D 54,000 50,0000 56,0000 51,000D 60,000 56,0000 57,000 D 60,000 D 56,000 D
Cyanide ug/L 200 <10 140 DJ- 120D 180D <10 <25D 56 D <25D 574 250D 190DJ 100 DJ 45D
Fluoride mg/L 4 <0.1 <100 D <100D <100D <0.1 <100 D <100 D <100D <0.1 <100 D <100 D <100 D <100 D
Nitrate lon mg/L NA - <100 D 110D <100 D - <100 D <100 D <100D - <100 D <100 D <100 D <100 D
Nitrate-N mg/L 10 <0.0226 <23D 25D <23D <0.0226 <23D <23 D <23D <0.0226 <23D <23D <23D <23D
Nitrite lon mg/L NA - <100 D <100 D <100 D - <100 D <100 D <100 D -- <100 D <100 D <100D <100 D
Nitrite-N mg/L 1 <0.0305 <31 D <31 D <31 D <0.0305 <31 D <31 D <31 D <0.0305 <31 D <31 D <31 D <31 D
Perchlorate ug/L NA 0.1J <200 D 2D <5D <0.2 <200 D 0.91 FD <5D <0.2 <200 D <2D 1.5FD <5D
Phosphorus, Total (as P) | mg/L NA - <100 D <100 D <100 D -- <100 D <100 D <100 D — <100 D <100 D <100 D <100 D
Phosphate-P mg/L NA <0.0327 <33D <33 D <33D <0.0327 <33D <33D <33 D <0.0327 <33D <33 D <33D <33D
Sulfate mg/L 250 7,100 6,500 D 5,200 D 6,300 D 9,000 7,700 DJ- 6,900 D 7,400 D 6,600 6,000 D 5,600 D 5,700 D 6,000 D
Total Alkalinity mg/L NA 410 370 J+ 380 380 280 210 240 150 370 380 380 360 370
Total Dissolved Solids mg/L 2,000 110,000 85,000 110,000 74,000 100,000 90,000 100,000 62,000 110,000 96,000 110,000 110,000 56,000
Hexavalent Chromium ug/L 100 <0.275U <1.0U - -- <0.275R <1.0U - = <2.2R <1.0U - -- -
pH NA 7.0 6.9 6.8 6.7 7.2 7.1 7.8 7.0 7.1 7.0 7.1 7.1 6.8
Conductivity mS/cm NA 163.0 131.8 12.7 1223 152.0 124.5 18.3 113.5 169.0 131.9 17.4 17.4 120.7
DO mg/L NA 0.0 0.4 0.2 0.7 2.6 0.5 0.2 0.3 0.0 0.2 0.2 0.2 0.4
ORP mV NA -418.0 -345.9 -372.8 -384.7 -399.0 -332.2 -361.0 -395.5 -422.0 -346.1 -381.0 -381.0 -396.1
Turbidity NTU NA 1.9 22 1.7 22 1.1 0.5 0.6 3.7 0.0 1.1 2.5 2.5 0.9
Chlorine mg/L NA 0.1 0.0 0.1 0.2 0.2 0.0 0.6 0.1 0.0 0.2 0.8 0.8 0.3
Temperature c NA 19.7 18.7 21.5 16.9 21.9 23.8 18.3 16.0 18.0 20.6 22.0 22.0 16.2

“IMCLs are provided for reference only, as groundwater in the waste pond area is Class IV.

Bold Concentration above MCL; for comparative purpose only, MCLs are not applicable to Class IV groundwater.
' Not Analyzed

C Degrees Celcius

ug/L micrograms per liter

bgs below ground surface

D Sample dilution required for analysis: reported values reflect the dilution.

F  Analyte was positively identified but the reported concentration is estimated; reported concentration is less than the reporting limit, but greater than the method detection limit.
J  Data are estimated due to associated quality control data.

J- Data are estimated and are potentially biased low due to associated quality control data.
J+ Data are estimated and are potentially biased high due to associated quality control data.
MCL drinking water maximum contaminant level

mg/L  milligrams per liter

mS/cm microsiemens per centimeter

mV  millivolts

NA  No MCL established

NTU Nephelometric Turbidity Unit

UJ Potential low bias, possible false negative.




TABLE 3-2
MAIN DITCH AND BASELINE GROUNDWATER QUALITY

US MAGNESIUM, ROWLEY, UTAH
(Page 3 of 4)

MW-23 PZ-10 PZ-12
Analyte Units MCL@ Screened Interval 56-66 feet bgs Screened Interval 4-14 feet bgs Screened Interval 4-14 feet bgs
7/13/2017 8/8/2017 9/13/2017 11/1/2017 | 2/4/2014 8/8/2017 9/13/2017 11/1/2017 | 2/4/2014 8/8/2017 9/13/2017 11/1/2017
Total Aluminum ug/L 50 to 200 <20 <1000 <1000 <1000 51 <1000 <1000 <1000 3,600 4,000 2,300 1,600
Dissolved Aluminum ug/L <20 <1000 - - <20 <1000 - - 3.600 1,400 - -
Total Antimony ug/L 6 <2.0 <100 <100 <100 <20 <100 <100 <100 0.85J <100 <100 <100
Dissolved Antimony ug/L <2.0 <100 - - <2.0 <100 - -- 0.76J <100 - -
Total Arsenic ug/L 10 311 <50 <50 55 53 54 64 79 49 53 62 64
Dissolved Arsenic ug/L <1.0 <50 - - 53 58 - -- 46 <50 - --
Total Barium ug/L 2,000 37 <250 <250 <250 110 <250 <250 <250 210 400 360 380
Dissolved Barium ug/L 28J <250 - - 110 <250 - -~ 200 300 -- -
Total Cadmium ug/L 5 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50
Dissolved Cadmium ug/L <1.0 <50 - - <1.0 <50 -- - <1.0 <50 - -
Total Calcium mg/L NA 370 857D 879D 836D 7,000 8,900 D 8,840 D 8,130 D 7,600 10,700 D 11,000 D 10,300 D
Dissolved Calcium mg/L 670 897D - - 7,800 8,770 D - - 7,700 10,700 D -- -
Total Chromium ug/L 100 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <20 <100 <100 <100
Dissolved Chromium ug/L <2.0 <100 -- - <2.0 <100 -~ - <2.0 <100 - -
Total Cobalt ug/L NA <1.0 <50 <50 <50 28 <50 <50 <50 81J 94 100 100
Dissolved Cobalt ug/L <1.0 <50 - - 294 <50 - - 81J 97 - --
Total Copper ug/L 1.300 <2.0 <100 <100 200 <20 <100 <100 <100 <20 <100 <100 <100
Dissolved Copper ug/L <2.0 <100 - - v AR <100 - - <2.0 <100 - --
Total Iron ug/L 300 <50 <2500 <2500 3,100 240,000 J 300,000 310,000 320,000 160,000 J 180,000 200,000 240,000
Dissolved Iron ug/L <50 <2500 - - 240,000 J 310,000 - - 160,000 J 180,000 - -
Total Lead ug/L 15 <1.0 59 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50
Dissolved Lead ug/L <1.0 <50 - - <1.0 <50 - -- <1.0 <50 - -
Total Magnesium mg/L KA 1,200 3,060 D 3,040 D 2,850 D 3,800 5,400 D 5,190 D 4,760 D 3,400 3,980 D 4,310D 4,640 D
Dissolved Magnesium mg/L 2.300 3,020 D - - 4,200 5,340 D - - 3,300 3.950 D - ~
Total Manganese ug/L 50 170 180 170 160 16,000 22,000 22,000 22,000 12,000 15,000 15,000 17,000
Dissolved Manganese ug/L 72 170 - - 16,000 22,000 - - 12,000 15,000 - -
Total Mercury ug/L 2 <0.1 <0.1UJ <0.1 UJ <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Dissolved Mercury ug/L <0.1 <0.1 -- - <0.1 <0.1 -- - <0.1 <0.1 - -
Total Molybdenum ug/L NA <2.0 <100 <100 <100 2.4 <100 <100 <100 13 <100 <100 <100
Dissolved Molybdenum | ug/L <20 <100 -- - <2.0 <100 - - 8.4 <100 - -
Total Nickel ug/L NA <1.0 <50 <50 <50 45 140 140 150 200 J 310 330 370
Dissolved Nickel ug/L <1.0 130 - -- 46 J 140 - - 190 J 310 - -
Total Potassium mg/L NA 950 2,400 D 2,510D 2,140D 320 567 D 591D 538D 160 208 D 229D 229D
Dissolved Potassium mg/L 1,700 2,410D - - 360 572D - - 160 220D - -
Total Selenium ug/L 50 <5.0 <250 <250 <250 <5.0 <250 <250 <250 26 <250 <250 <250
Dissolved Selenium ug/L <5.0 <250 - - 4.4 ) <250 - - 3.2 <250 - -
Total Silver ug/L 100 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50
Dissolved Silver ug/L <1.0 <50 - - <1.0 <50 - -- <1.0 <50 -- -
Total Sodium mg/L NA 26,000 48,700D  48,100D 49,600 D 2,400 J 3680D  3,580DJ+ 3370J+D 1,700 1,810 D 1,940 DJ+ 2,020 J+D
Dissolved Sodium mg/L 43,000 49,200 D - - 2,700 3.600 D - - 1,700 1,860 D - -
Total Thallium ug/L 9 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50
Dissolved Thallium ug/L <1.0 <50 e - <1.0 <50 - = <1.0 <50 i =
Total Vanadium ug/L NA <2.0 <100 <100 <100 <2.0 <100 <100 <100 <20 <100 <100 <100
Dissolved Vanadium ug/L <2.0 <100 — - <2.0 <100 -- - <2.0 <100 - -
Total Zinc ug/L 5,000 <2.0 190 <100 <100 1 <100 <100 <100 69 J 140 130 150
Dissolved Zinc ug/L <2.0 <100 -- - <2.0 <100 -- - 70J 140 - -
Bromide mg/L NA 584 <100 D <100 D <100 D <0.1 <100 D <100 D <100 D <0.1 <100 D <100 D <100 D
Chloride mg/L 250 84,000 73,0000 89,000D 77,000 D 28,000 34,0000 34,0000 38,000 D 26,000 32,0000 34,000D 40,000 D
Cyanide ug/L 200 <10 <25D <25D <25D 23 30D <10 138 0.0095 J 38D 21 10
Fluoride mg/L 4 <0.1 <100 D <100 D <100 D 16 <100 D <100 D <100 D 15 <100 D <100 D <100D
Nitrate lon mg/L NA -- <100D <100 D <100 D <100 D 100 D 100 D <100 D <100 D <100D
Nitrate-N mg/L 10 <0.0226 <23D <23D <23D <0.0226 <23D 24D 24D <0.0226 <23D <23D <23D
Nitrite lon mg/L NA - <100 D <100D <100 D <100 D <100D <100 D <100 D <100D <100 D
Nitrite-N mg/L 1 <0.0305 <31 D <31 D <31 D <0.0305 <31D <31 D <31 D <0.0305 <31 D <31 D <31 D
Perchlorate ug/L NA <0.2 <200D 1.1 FD <5D <0.2 <200 D 0.99 FD <5D 0.42 ) <200 D <2D <5D
Phosphorus, Total (as P) | mg/L NA - <100D <100 D <100 D <100 D <100 D <100 D <100 D <100 D <100D
Phosphate-P mg/L NA <0.0327 <33D <33D <33D <0.0327 <33D <33 D <33 D <0.0327 <33D <33D <33D
Sulfate mg/L 250 14,000 14,000 D 14,000 DJ+ 14,000 D 1,500 1,400 D 1,400 D 1,200 D 1,300 1,100 D 1,100 D 920 D
Total Alkalinity mg/L NA 290 270 300 270 790 840 690 560 800 840 690 600
Total Dissolved Solids mg/L 2,000 160,000 140,000 160,000 110,000 56,000 45,000 58,000 40,000 190,000 45,000 58,000 46,000
Hexavalent Chromium ug/L 100 <0.275R <1.0U - - 0.159 J <1.0U - - 0.251J <l.o0U - -
pH NA 6.9 8.9 7.5 7.4 6.2 57 5.8 5.5 59 5.5 57 5.4
Conductivity mS/cm NA 895.0 162.6 122.5 157.3 52.2 69.3 36.8 72.2 48.3 78.9 30.8 76.0
DO mg/L NA 0.0 0.8 1.7 0.5 0.0 0.3 0.0 0.4 0.0 0.3 0.0 0.4
ORP mV NA -395.0 -303.2 -356.0 -388.6 -125.0 -45.2 -128.1 -145.1 -58.0 -22.6 -61.2 -135.1
Turbidity NTU NA 0.5 2.6 0.1 1.1 0.0 3.5 1394.0 0.5 0.0 86.4 6126.0 53.0
Chlorine mg/L NA 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 2.2 2.1
Temperature C NA 19.0 22.1 22.5 13.0 13.6 19.2 20.5 16.8 12.9 20.0 19.6 16.4

9MCLs are provided for reference only, as groundwater in the waste pond area is Class IV.
Bold Concentration above MCL; for comparative purpose only, MCLs are not applicable to Class IV groundwater
=" Not Analyzed
C Degrees Celcius
ug/L micrograms per liter
bgs below ground surface
D Sample dilution required for analysis: reported values reflect the dilution.
F Analyte was positively identified but the reported concentration is estimated; reported concentration is less than the reporting limit, but greater than the method
detection limit.
J Data are estimated due to associated quality control data.
J-  Data are estimated and are potentially biased low due to associated quality control data.
J+ Data are estimated and are potentially biased high due to associated quality control data.
MCL drinking water maximum contaminant level
mg/L  milligrams per liter
mS$/cm  microsiemens per centimeter
mV  millivolts
NA  No MCL established
NTU Nephelometric Turbidity Unit
UJ Potential low bias, possible false negative.




TABLE 3-2
MAIN DITCH AND BASELINE GROUNDWATER QUALITY
US MAGNESIUM, ROWLEY, UTAH

(Page 4 of 4)
PZ-13 PZ-8
Analyte Units MCL® Screened Interval 7.5-17.5 feet bgs Screened Interval 3.5-13.5 feet bgs
7/13/2017 8/8/2017 9/13/2017 11/1/2017 | 2/5/2014  8/9/2017 9/13/2017 11/1/2017
Total Aluminum ug/L 50 to 200 <20 <1000 <1000 <1000 56J <1000 <1000 <1000
Dissolved Aluminum ug/L <20 <1000 - - <20 <1000 - -
Total Antimony ug/L 6 <2.0 <100 <100 <100 0.70J <100 <100 <100
Dissolved Antimony ug/L <2.0 <100 - = 0.67J <100 - -
Total Arsenic ug/L 10 25 <50 <50 <50 130 70 72 77
Dissolved Arsenic ug/L 24 <50 - - 120 67 - -
Total Barium ug/L 2,000 150 <250 <250 <250 160 260 290 300
Dissolved Barium ug/L 130 <250 — - 160 250 - -
Total Cadmium ug/L 5 <1.0 <50 <50 <50 <1.0 <50 <50 <50
Dissolved Cadmium ug/L <1.0 <50 - - <1.0 <50 - -
Total Calcium mg/L NA 8,100 7.530 D 7,910D 7,150D 6,800 12,400 D 13,000 D 11,500 D
Dissolved Calcium mg/L 6,700 7,670 D - - 6,800 13,100 D -- -
Total Chromium ug/L 100 <2.0 <100 <100 <100 <2.0 <100 <100 <100
Dissolved Chromium ug/L <2.0 <100 - - <2.0 <100 -- -
Total Cobailt ug/L NA <1.0 <50 <50 <50 65 120 140 120
Dissolved Cobalt ug/L <1.0 <50 - - 60 120 - -
Total Copper ug/L 1,300 <2.0 <100 <100 <100 2.70 <100 <100 <100
Dissolved Copper ug/L <2.0 <100 - - 2.50 <100 - -
Total Iron ug/L 300 99,000 39,000 89,000 57,000 83,000 230,000 270,000 300,000
Dissolved Iron ug/L 100,000 44,000 - - 80,000 230,000 - -
Total Lead ug/L 15 <1.0 <50 <50 <50 <1.0 <50 <50 <50
Dissolved Lead ug/L <1.0 <50 - - <1.0 <50 - -
Total Magnesium mg/L NA 4,600 4,290 D 4,280 D 3,960 D 2,900 5310D 5,660 D 5,200 D
Dissolved Magnesium mg/L 3,900 4,340 D = == 2,900 5,770 D - --
Total Manganese ug/L 50 13,000 4,200 8,400 3,700 9,500 18,000 17,000 19,000
Dissolved Manganese ug/L 13,000 4,700 -- -- 9,000 18,000 - -
Total Mercury ug/L 5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Dissolved Mercury ug/L <0.1 <0.1 - - <0.1 <0.1 - -
Total Molybdenum ug/L NA 17 J <100 <100 <100 8.40 <100 <100 <100
Dissolved Molybdenum | ug/L 114 <100 - - 5.40 <100 - -
Tofal Nickel ug/L NA 50 94 84 110 180 370 420 410
Dissolved Nickel ug/L 41 97 - - 160 360 - --
Total Potassium mg/L NA 380 418D 401D 407 D 100 271D 291D 255D
Dissolved Potassium mg/L 300 417D - - 100 283D - -
Total Selenium ug/L 50 <5.0 <250 <250 <250 6.20 <250 <250 <250
Dissolved Selenium ug/L <5.0 <250 - - 6.40 <250 - -
Total Silver ug/L 100 <1.0 <50 <50 <50 <1.0 <50 <50 <50
Dissolved Silver ug/L <1.0 <50 - — <1.0 <50 - --
Total Sodium mg/L NA 2,600 25400  2,490DJ+ 2530J+D 1,300 2,350D  2,350DJ+ 2,200J+D
Dissolved Sodium mg/L 2,300 2,610 D - - 1,300 2,450 D - -
Total Thallium ug/L 9 <1.0 <50 <50 <50 <1.0 <50 <50 <50
Dissolved Thallium ug/L <1.0 <50 = - <1.0 <50 - -
Total Vanadium ug/L NA <2.0 <100 <100 <100 6.5) <100 <100 <100
Dissolved Vanadium ug/L <2.0 <100 - - 6.7J <100 — -
Total Zinc ug/L 5,000 <20 <100 <100 <100 15 <100 <100 <100
Dissolved Zinc ug/L <2.0 <100 - - 12 <100 - -
Bromide mg/L NA 23 J <100 D <100 D <100 D <0.1 <100 D <100 D <100 D
Chloride mg/L 250 29,000 25000D 28,0000 29,000 D 25,000 43,0000 37,0000 43,000 D
Cyanide ug/L 200 46 ) <25D <10 <10 29 33D <10 25
Fluoride mg/L 4 12 <100 D <100 D <100 D 13 <100 D <100 D <100 D
Nitrate lon mg/L NA - <100 D <100 D <100 D <100 D 100D <100 D
Nitrate-N mg/L 10 <0.0226 <23D <23D <23D <0.0226 <23D 23D <23D
Nitrite lon mg/L NA - <100 D <100 D <100 D <100 D <100 D <100 D
Nitrite-N mg/L 1 <0.0305 <31 D <31D <31 D <0.0305 <31 D <31D <31 D
Perchlorate ug/L NA <0.2 <200 D <2D <5D 0.55 <200 D <2D <5D
Phosphorus, Total (as P) | mg/L NA #N/A <100 D <100 D <100 D <100D <100 D <100D
Phosphate-P mg/L NA <0.0327 <33D <33D <33D <0.0327 <33D <33D <33D
Sulfate mg/L 250 1,300 3,700 D 1,200 D 1,100 D 1,300 1,200 D 1,100 D 850 D
Total Alkalinity mg/L NA 710 420 430 400 1,000 760 640 580
Total Dissolved Solids mg/L 2,000 61,000 40,000 48,000 32,000 51,000 53,000 65,000 43,000
Hexavalent Chromium ug/L 100 <0.27 U <1.0U - - 0.671 <1.0U -- --
pH NA 59 6.2 6.2 6.3 4 5.6 6.0 53
Conductivity ms/cm NA 57.6 60.9 41.6 37.7 44.4 773 13.6 75,2
DO mg/L NA 2.6 2.4 4.4 3.6 0.0 0.2 0.0 0.3
ORP mV NA 4.0 -49.0 -114.7 -225.4 -25.0 -158.2 -210.6 -221.4
Turbidity NTU NA 0.0 32:1 3.0 3.7 0.0 7.1 37.6 158
Chlorine mg/L NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Temperature (& NA 20.0 19.2 22.0 16.4 12.1 219 21.0 18.8

IMCLs are provided for reference only, as groundwater in the waste pond area is Class IV.
Bold Concentration above MCL; for comparative purpose only, MCLs are not applicable to Class IV groundwater
- Not Analyzed
C Degrees Celcius
ug/L micrograms per liter
bgs below ground surface
D Sample dilution required for analysis: reported values reflect the dilution.
F Analyte was positively identified but the reported concentration is estimated:; reported concentration is less than the
reporting limit, but greater than the method detection limit.
J Data are estimated due to associated quality control data.
J- Data are estimated and are potentially biased low due to associated quality control data.
J+ Data are estimated and are potentially biased high due to associated quality control data.
MCL drinking water maximum contaminant level
mg/L  milligrams per liter
mS$/cm microsiemens per centimeter
mV  millivolts
NA No MCL established
NTU Nephelometric Turbidity Unit
UJ Potential low bias, possible false negative.
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TABLE 3-5
GROUNDWATER ELEVATION MEASUREMENTS
US MAGNESIUM, ROWLEY, UTAH

June 2017 Sept 2017 Dec 2017
Measuring  Groundwater Groundwater Groundwater
Well Northing Easting Screen Interval Point Elevation  Elevation Elevation Elevation
Identification (feet) (feet) (feet bgs) (feet amsl) (feet amsl) (feet amsl) (feet amsl)

MW-1 1299152.71 7502711.81 58-68 4223.33 - - -
MW-2 1296014.88 7505568.45 57.5-67.5 4226.88 421712 421719 4217.13
MW-3 1298818.82 7506525.58 515 4223.97 4216.25 4216.07 4216.16
MW-4A 1299041.75 7506525.91 4-14 422403 4216.08 421586 421594
MW-48 1299047 .06 7506525.56 225325 422410 4216.42 421619 4216.27
MW-5A 1299919.06 7506530.52 8-18 4226.48 4215.81 4215.58 4215.78
MW-5B 1299924.32 7506530.56 27-37 4226.80 4216.34 4216.10 4216.30
MW-6 1299844.22 7506043.93 7-17 4225.77 4216.23 4215.88 4216.09
MW-7 1299851.62 7505711.25 7.5-17.5 4227.05 4216.25 421588 4216.15
MW-8A 1300401.17 7506516.03 6-21 = 4212.64 421537 4215.61
MW-8B 1300405.94 7506516.19 27-37 - 4212.69 4215.38 4215.61
MW-9 1303819.64 7512001.02 59-69 4213.87 4207 .82 4208.22 4208.44
MW-10 1307700.25 7512136.87 68-78 4213.20 4202.58 4202.12 4202.06
MW-11 1308131.73 7512468.79 313 - - 4199.70 4199.83
MW-12 1308652.00 7513480.34 313 o= = - 4198.95
MW-13A 1299497.93 7511525.61 2:5:7.5 4221.96 4212.82 4211.89 4212.08
MW-13B 1299492.23 751152191 9-19 4221.88 4213.03 4212.46 4212.73
MW-14 1300042.47 7511068.68 515 4219.60 4212.39 4212.06 4213.16
MW-15A 1301048.84 7509689.63 2-7 4220.98 4213.20 4213.02 421331
MW-158 1301052.94 7509687.14 9-19 4220.71 s 4213.12 4213.40
MW-14 1299514.62 7508801.24 0.5-1.5 NA - -
MW-17 1301539.14 7506829.02 7-17 4219.78 4214.67 4214.64 421491
MW-18 1298256.29 7504882.09 12-22 4229.29 - -
MW-19A 1301865.58 7506319.20 7-17 4218.51 4214.40 4214.72
MW-198 1301867.58 7506316.40 23-33 4218.35 421488 421519
MW-20A 1300410.93 7504086.58 12-17 4227.83 4214.77 4214.29 4214.34
MW-20A 1300410.93 7504086.58 12-17 4227.83 4214.77 4214.29 421434
MW-21 1302061.29 7508971.65 50-60 4218.18 4211.78 4211.61 4211.77
MW-22A 1303125.84 7507924.09 24-34 4218.32 4211.57 4211.35 4211.64
MW-22B 1303132.68 7507914.81 54-64 4218.15 4211.77 4211.36 4211.57
MW-23 1305159.33 7506505.51 56.1-66.1 4219.58 4209.30 4209.00 4209.16

PZ-01 1302370.97 7503751.92 2.17-19.17 4224.06 4210.73 421012 4210.28
PZ-02 1299175.56 7502709.28 8-16 4223.70 w - =

PZ-03 1296016.26 7505551.74 10-20 4226.47 4215.11 4214.93 4214.83
PZ-04 1297773.55 7507871.54 6.5-16.5 4224.40 421513 4214.88 421495
PZ-05 1303806.87 7512000.96 3.5-13.5 4214.46 4205.64 4205.45 4206.37
PZ-06 1307692.16 7512137.54 3.5-13.5 4214.22 4203.42 4201.61 4201.99
P7-07 1307696.18 7508202.89 3.5-13.5 421233 4204.65 4203.74 4204.72
PZ-08 1302052.49 7508960.28 3.5-13.5 4218.71 4211.76 421171 4211.85
PZ-10 1303140.57 7507905.62 4-14 4218.72 4212.22 4211.86 421222
PZ-11 1303807.37 7507466.23 4-14 4218.27 4211.44 421129 421215
PZ-12 1304462.71 7507038.16 4-14 4219.23 4210.44 4210.20 4210.32
PZ-13 1305136.04 7506525.40 7.5-17.5 4220.50 4209.87 4209.54 4209.91
PZ-14 1305167.51 7505854.11 4.5-14.5 4219.94 4211.76 4211.17 4211.60
PZ-16 1304711.89 7505172.54 4-14 4218.44 - 4212.06 4213.08

PZ-18 1303882.51 7504494.51 3.2513.25 4217.96 - 4211.17 4211.49

PZ-20 1302747 .21 7505038.78 313 - - 4210.86 4211.36
P1-22 1302067.25 7505822.25 3-13 - 4211.48 4214.23 4214.58
PZ-24 1301343.15 7507152.83 3-13 - 4212.28 421485 421519
P7-26 1302170.80 7508114.31 3.513.5 4220.85 421416 4213.98 4214.29
P1-27 1297728.69 7507917.75 6.5-16.5 4223.57 4214.72 4215.73 4214.88
PZ-28 1297760.31 7507860.22 65-75 4223.52 4215.70 421476 4215.63
PZ-29 1307712.36 7512083.15 5.5-15.5 4213.99 4202.95 4201.50 4202.09
PZ-30 1307716.42 7511949.76 5.5-15.5 4213.39 4202.88 4201.43 4202.05

LF-01 1300634.03 7505771.44 54-15.4 4224.10 4215.63 - 421585

LF-02 1300003.51 7506434.76 313 422489 4215.98 421580 421601

LF-03 1300940.45 7506605.67 2-12 4220.06 421533 - .
SC-PI-1 - =2 510 - = -
SC-P1-2 - = 97 = = .
PMW-1D 1291919.88 7508152.38 30-40 4218.14 4217.45 421795
PMW-1S 1291899.46 7508162.58 15-25 4217.26 4217.26 4216.12

amsl above mean sea level
bgs below ground surface

Horizontal coordinates in NAD83 UTM Zone 12 (US foot); vertical coordinates are NAVD 88 (US foot)




TABLE 3-6
VERTICAL HYDRAULIC GRADIENTS ACROSS THE DEEPER SILTY CLAY UNIT
US MAGNESIUM, ROWLEY, UTAH

Monitoring Point Construction Info June 2017 August 2017
Corrected Corrected
bR roun reen ect o rrected Induc t .
Monitoring i TOC Screen Top Seree Delta L GW Elev. Conaciad Delta H Conedlad Vertical i i i Induced GW Elev. s ma Delta H e Vertical nozm.Qma _:.anma Induced
Point ID Surface (f amsl) (ft amsl) Bottom ) (# amsl) GW Elev () Delta H Eradiot Vertical | Vertical Flow Vertical Flow (f amsl) GW Elev. () Delta H Cradient Vertical | Vertical Flow Vertical Flow
(ft amsl) (ft amsl) (ft amsl) (W) Gradient Direction S S (ft amsl) (ft) Gradient Direction o
Direction Direction
PZ-08 4215.90 4218.71 4212.4 4202.40 4211.7 4209.22 4211.46 4208.97
0 46.90 . -0.02 -0.63 -0.0004 -0.0133 Upward Upward -0.07 -0.66 -0.0015 -0.0141 Upward Upward
MW-21 4215.50 4218.18 4165.50 4155.50 4211.78 4209.85 4211.53 4209.63
MW-22A 4215.69 4218.32 4191.69 4181.69 4211.57 4209.58 4211.27 4209.32
30.01 -0.20 -0.26 -0.0066 -0.0086 Upward Upward ! 0.02 -0.06 0.0007 -0.0020 Downward Upward
MW-22B 4215.68 4218.15 4161.68 4151.68 4211.77 4209.84 4211.25 4209.38
PZ-13 4217.63 4220.50 4213.63 4203.63 4209.87 4207.25 4209.60 4207.03
52.75 0.57 -0.69 0.0108 -0.0131 Downward Upward 0.42 -0.80 0.0079 -0.0152 Downward Upward
MW-23 4216.98 4219.58 4160.88 4150.88 4209.30 4207.94 4209.18 4207.83
PZ-05 4211 4214.46 4207.5 4197.5 4205.64 4204.11
5521 -2.18 -2.31 -0.0395 -0.0419 Upward Upward
MW-9 4211.29 4213.87 4152.29 4142.29 4207.82 4206.42
PZ-06 4210.54 4214.22 4207.04 4197.04 4203.42 4202.19
64.43 0.84 0.08 0.0130 0.0013 Downward Downward
MW-10 4210.61 4213.2 4142.61 4132.61 4202.58 4202.10
PZ-03 4223.68 4226.47 4213.68 4203.68 4215.11 4212.03
46.92 -2.01 -0.95 -0.0428 -0.0203 Upward Upward
MW-2 422426 422688 4166.76 4156.76 4217.12 4212.98
PMW-1§ 4232.09 4234.87 4217.09 4207.09 4217.26 4212.94
15.02 -0.88 -0.68 -0.0586 -0.0456 Upward Upward
PMW-1D 4232.07 4234.88 4202.07 4192.07 4218.14 4213.62
Monitoring Point Construction Info September 2017 December 2017
Corrected Corrected
) Correct Corrected . rrected Induc te Correct . d
Monitoring G TOC Screen Top Screen Delta L GW Elev. esied Delta H > Vertical co m.n 3 ol Induced GW Elev. ST Delta H " Vertical no:m.QmQ _:. - Induced
Point ID Surface (f amsl) (ft amsl) Bottom () (# amsl) GW Elev. () Delta H Gradiant Vertical | Vertical Flow Vastical Fow (ft amsl) GW Elev. () Delta H F—— Vertical | Vertical Flow Verlical Hlow
(ft amsl) (ft amsl) (ft amsl) (ft) Gradient Direction A 2 (ft amsl) (ft) Gradient Direction : i
Direction Direction
PZ-08 4215.90 4218.71 4212.40 4202.40 4211.71 4209.18 4211.85 4209.30
46. K| -0.52 1 -0.011 D d q -0. . 0.
MW-21 221550 91818 216550 1155.50 6.90 20161 120970 0.10 0.5 0.0021 0.0110 ownwar Upward 77 120984 0.08 0.5402 0.0017 0.0115 Downward Upward
MW-22A 4215.69 4218.32 4191.69 4181.69 4211.35 4209.39 4211.64 4209.65
30.01 -0.01 -0.09 -0.0003 -0.0029 Upward Upward 0.071 -0.0187 .0024 -0. D d U d
MW-22B 4215.68 421815 416168 4151.68 4211.36 4209.48 pe i 21157 420966 0 0.0006 ownwar pwar
PZ-13 4217.63 4220.50 4213.63 4203.63 4209.54 4206.98 4209.91 4207.28
. .54 -0.69 0.0102 -0.0131 D d d 74 -0. H -0.!
MW-23 421698 4219.58 416088 4150.88 e 420900 | 4207.67 om . g SRy w0908 a20781| O7® 0.5285 00142 00100 [ Dommwind Upward
PZ-05 4211 4214.46 4207.5 4197.5 4205.45 4203.94 4206.37 4204.74
2. 284 -0. 0. -2, 2. -0. -0.
) YOIRNE 1387 15259 173229 5521 220822 920678 2.77 2.8 0.0502 0.0514 Upward Upward 170844 730698 2.07 2.2387 0.0375 0.0405 Upward Upward
PZ-06 4210.54 4214.22 4207.04 4197.04 4201.61 4200.62 4201.99 4200.95
-0. -1 -0 -0. U -0. -0. -0. -0.
VW10 197087 2132 TTa28] 13281 64.43 20012 1201 .67 0.51 1.05 0.0079 0.0163 pward Upward 770708 20161 0.07 0.6625 0.0011 0.0103 Upward Upward
PZ-03 4223.68 4226.47 4213.68 4203.68 421493 4211.88 4214.83 4211.79
; -2.2 -1.16 -0. -0.024 ] d U -2, -1. -0. -0.l
MW-2 422426 422688 416676 415676 . 421719 | 421304 ¢ ! O feed ke Pward OITAE AT I4002 e 0.0256 Upward Upward
PMW-1S 4232.09 4234.87 4217.09 4207.09 4216.69 4212.48 4216.12 4212.01
T AE 123207 793488 290207 179207 15.02 9217 45 1213.06 -0.76 -0.59 -0.0506 -0.0392 Upward Upward 291795 01347 -1.83 -1.4561 -0.1218 -0.0969 Upward Upward
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1.0 INTRODUCTION

In preparation for submission of the Groundwater Discharge Permit (GWDP) application
for the US Magnesium facility a series of field investigations were performed for the
purpose of filing data gaps. The scope of work for the field investigations was proposed in two
documents submitted to the Utah Department of Water Quality, the Data Gaps Investigation
and Work Plan (Stantec, 2017a&b)

The field investigations consisted of:

o Driling seven (7) boreholes to obtain lithological and geochemical data of the

soils adjacent to and beneath the current waste ponds (CWP)

Installation of four (4) new monitoring wells with the purpose of:
o Obtaining lithological and geochemical data of soils
downgradient/adjacent to the CWP
Allow performance of a pumping test to define aquifer parameters of the
deep confined aquifer zone and to observe response in wells in the
shallow aquifer zone
Provide data for baseline monitoring and future use as compliance wells

Performing a pumping test at MW-22B in order to characterize the deeper
aquifer zone and to observe potential response in shallow aquifer zone wells (See
Appendix B)

Performing pneumatic slug tests at ten wells throughout the site to obtain
hydraulic conductivity data for use in the groundwater model (See Appendix B)

Collect depth to water measurements (seasonally) to understand seasonal
variability of aquifer and aid in groundwater modeling (See Appendix B)

Collect and analyze groundwater samples from ten wells along the eastern dike
to characterize the baseline groundwater quality (See Appendix C)




(( Stantec

e Collect and analyze water samples from the waste water ditch to characterize
the waste stream discharging from the US Magnesium facility (See Appendix C)

Included as part of this appendix are historical soil borings (Attachment A.1), historical
cross sections (Attachment A.2) and lab reports from the 2017 soil borings (Attachments
A.3and A.4).




2.0 WELL DRILLING SUMMARY

From June 8t to June 21+, 2017 Cascade Driling advanced seven (7) boreholes and
installed four (4) monitoring wells at the US Magnesium site utilizing a sonic drilling rig (Rig
GP24-300).

Six boreholes (SB-01 through SB-06) were advanced around the perimeter of the CWP in
order to collect soil samples adjacent to and beneath the CWP. Two borings were
advanced vertically and four were installed at a 45 degrees angle below the CWP.
Borings were advanced into the deeper silty clay unit, but were terminated once this
layer was encountered in order to preserve the integrity of the confining unit. One
additional vertical soil boring (SB-07) was advanced up gradient of the CWP (outside of
the area of historical impacts) to provide background lithological data and samples for
geochemical analyses. A professional geologist (William Bragdon) was on-site during
the drilling of all wells in order to record lithological data and collect geochemical and
geotechnical samples (See Attachment A.1 for drilling logs).

Four monitoring wells were installed along the ea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>