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US Magnesium LLC
238 North 2200 West - Salt Lake City, UT 84116-2921 
801/532-2043 - 800/262-9624 - FACSIMILE 801/534-1407

Hand Delivered

December 15, 2017 

Dan Hall, P.G.

Utah Department of Environmental Quality

Division of Water Quality

195 North 1950 West

Salt Lake City, UT 84114-4870

2017
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

• Groundwater Discharge Control Plan, that includes:

o Attachment A - Corrective Measures Implementation Work Plan 
o Attachment B -Draft Outline for the Construction Quality Assurance Plan 
o Attachment C - Geochemical Report 
o Attachment D - Water Balance Report 
o Attachment E - Groundwater Model Report 
o Attachment F - Barrier Wall Compatibility Testing Proposal

• Compliance Monitoring Plan

• Closure and Post-Closure Plan

• Contingency and Corrective Action Plan

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.

DWQ-20 7-012861
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Please contact me at 801.532.1522 ext. 1355 should you have questions. 

Sincerely,

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

cc: Mark Novak, DWQ (electronic only)

Tom Tripp, USM (electronic only) 

Lindsay Ford, PB&L (electronic only)



GROUNDWATER DISCHARGE PERMIT APPLICATION

US MAGNESIUM FACILITY 
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Prepared for: US Magnesium 

Prepared by: Stantec

December 15, 2015



MAIL TO:
Division of Water Quality

Utah Department of Environmental Quality

Salt Lake City, Utah 84114-4870

Application No,:__________ _____
Date Received_________ _____________

(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 Riant

Mail Address:15 Miles North Exit 77, l-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.js, ne 1/4 0fNW 1/4,

Lat.^___ ° 548 45.0684 ’’N.Long, 112°43’ 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

Title: Environmental Manager

Phone No.:(8Qi ) 532-1522 ext 1355

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: u5 Magnesium LLCPhone No.:( sot ) S32-?043

Mail Address:238 N 2200 West Salt Lake CitV' &41 '‘e ____________
(Number & Street, Box and/or Route, City, State, Zip Code)

Operator
Name:Magnesium llcPhone No.:(gQt )532-2043 

(If different than Owner’s above)

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

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

Official Representative
Name:Ron Thayer Phone No.:( 601 ) 532-1522 ext 1349

Title: President

3. Facility Classification (check one)

New Facility 
Existing Facility 
Modification of Existing Facility
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4. Type of Facility (check one)

Z Industrial
Mining
Municipal
Agricultural Operation 
Other, please describe;.

5. 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

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

17

NPDES or UPDES (discharges to surface water) 

CAPO (concentrated animal feeding operation)

UIC (underground injection of fluids)

RCRA (hazardous waste)

PDS (air emissions from proposed sources) 

Construction Permit (wastewater treatment)

Solid Waste Permit (sanitary landfills, incinerators) 

Septic Tank/Drainfieid
Other, Specify Tit|e v Air Permit

Permit Number

45-000379

4500030002

9. Name, location (Eat.°’”N,Long.°’”W) and description of: 
each wel 1/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.
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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:Tooele________________________ ________
T.______ , R.Sec., ____________ 1/4 of ____________J/4,

Lat.0’”N.Long._____________________________________________ °’”W

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

Discharges (fluids discharged to the ground)

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

✓

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

lagoon, pit, or surface impoundment (fluids) 
land application or land treatment 

discharge to an ephemeral drainage
___ (dry wash, etc.)

storage pile
landfill (industrial or solid wastes)

other, specify

.industrial drainfieid 
_ underground storage tank 

percolation/infiltration basin

mine heap or dump leach 

mine tailings pond

6. 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 show ing average flows between intakes, 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

RAW
MATERIAL

V 90.000GPD

t 4.\0QQ CRD t 4-VJQ.QGED
FIBER

> PREPARATION > DYEING

MUNICIPAL 
WATER SUPPLY

X i&flQQGED

BLUE RIVER

10,000 GPD 
COOLING 

▼ WATER

-► WASHING DRYING

10,000 GPD 15,000 GPD
40,000 GPD
r 1

20,000 GPD
40.000GPD
r

GRIT

SEPARATOR

NEUTRALIZATION

TANK

10,000 GPD

40,000 GPD 5.000 GPP 
TO— 
ATMOSPHERE

10,0< 0 GPD

SOLID 
WASTE 
4,000 GPD

30,000 GPD 40,000 GPD

STORMWATER 
MAX 20,000 GPD

50,000 GPD

TO PRODUCT 
5,000 GPD

7. 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/1). 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 ‘/a 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, 20th 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 hydrogeoIgic 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).
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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 
UAC R317-6-4.

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.
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10. 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 IDS 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.
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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 activ ity.

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

1 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
NAME & OFFICIAL TITLE (type or print)

(801)532-1522 ext 1349
PHONE NO. (area code & no.)

SIGNATURE

sz/vA/ry______________
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

Jacob Trauscht

Reviewed by

Susan Eyzaguirre, PE, PG

Approved by

Hhan Olsen, PG
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amsl

bgs

BLM

cm/s

CSM

CWP

DFFSL

DWQ

Facility

ft/day

ft2

GSL

GWDP

ID

m/day

mg/L

mV

NOAA

OWP

PCB

ppm

Rl

SVOC

IDS

UAC

UDEQ

UDNR

USGS

VOC

above mean sea level
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1.0 INTRODUCTION

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

• 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 controls 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 intended, 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.

2.0 REGIONAL PHYSICAL SETTING

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 6% 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 amsl, it would need a maximum extent of approximately 3,000 square 
miles (1,919,940 acres), ora 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, 2017a).

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 (Shape, 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-trending 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 comprises 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.

2.2.1 Structural Features

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.

2.2.2 Stratigraphy

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

US Magnesium GWDP Hydrogeologic Report
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• 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).

• 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).

• Algal reefs - encountered in the same silty cemented sands.

• 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 eoiian 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 area, 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) weatherstations 
(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:

• 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).

• 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).

• 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).

US Magnesium GWDP Hydrogeologic Report
December 15, 2017

Stantec 5



• 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 aquifer 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)
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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.

3.0 GEOLOGY AND HYDROGEOLOGY OF THE CWP/OWP 
AREA

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 Control 
Plan for the GWDP application (Stantec, 2017). These investigations include, but are not 
limited to, Dames & Moore (1969a, 1969b, 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 filling 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. Drilling 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:
• Obtaining lithological and geochemical data of soils along the eastern 

embankment of the CWP
• Conducting an aquifer pumping test
• 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) to 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:

• 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.

• Approximately 5 to 10 feet bgs: Low to medium plasticity clay/silty clay varying in 
thickness from 2 to 8 feet.
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• 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.

• 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.)

• 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 area, including geochemistry of the sediments, is discussed in more detail 
below in Sections 3.1.1 through 3.1.3.

3.1.1 Stratigraphy of the OWP/CWP Area

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 3-1 a, 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 l-l’ (Figures 3-1b, c & d). These three cross sections are shown in 
Figures 3-1 b, c, and d, and are described below.

3.1.1.1. Cross Section B-B’-B” (Figure 3-1 b). 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 Vs 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 towards 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 continuous 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 N’ (Figure 3-1 c). Cross section 1-1’ 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 3-1 b, 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 this is 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 1-1' 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 3-1 d). 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 3-1 b 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.

3.1.2 Deeper Silty Clay Unit

The CWP/OWP area is underlain by two stratigraphic units of low to medium plasticity 
clay/silty clay, one near the surface (5-tO feet bgs) and one, the Deeper Silty Clay Unit, 
found further beneath the surface (in the approximate depth range of 35-55 feet bgs). 
Hisforical 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-ld)(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 vertical hydraulic 
conductivities (8x1 O’5 to 3x10"4 ft/day [3x1 O'8 to 1x1 O'7cm/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.)

3.1.3 Geochemistry of Sediments Below the CWP

Due to the presence of low-phi water in the CWP, the geochemical characteristics of 
the sediments beneath the CWP are of importance to the relationship between surface

US Magnesium GWDP Hydrogeologic Report
December 15, 2017

Q Stantec
ii



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 (IDS) 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." IDS concentrations near the 
CWP in the Upper Aquifer 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 20t 7 field effort. For a more detailed analysis of 
groundwater quality the CWP/OWP area, refer to the 2016 Hydrologic Conceptual Site 
Model (MWH 2005, 2015 & ERM, 2016).

3.2.1 Upper Aquifer Zone Groundwater Quality

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 (IDS >10,000 mg/L), with higher IDS concentrations 
observed (>100,000 mg/L) in deeper wells (Figure 3-5). Samples collected in 2017 
confirm these findings with IDS results ranging from 32,000 mg/L to 100,000 mg/L, and a 
maximum IDS 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 Location to 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 nan-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 Ca2+/Mg27CI\ The 
non-impacted group, located upgradient of the CWP (MW-17, MW-19A, PZ-22 and PZ- 
24) are dominated by Na+/K7Mg2+/CI-/S042\ 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 
Ca27Mg2+/CI- and relatively lower concentrations of NaVKVSOA- (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 NaVKVCIYSO^- 
with relatively low concentrations of Mg2+/Ca2+. 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 to 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 investigafion 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-methylnaphthalene, 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).

3.2.2 Lower Aquifer Zone Groundwater Quality

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-la). 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 (Rl) 
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. IDS 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 Aquifer 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+/CF/S042-type water with relatively low concentrations of Mg2+/Ca2+ 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 RGB 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.

3.3.1 Aquifer Properties

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 7.9x1 O’5 
ft/day (3x10-8 cm/s) to 3.1 xlO-4 ft/day (IxlO-7 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 (8.0x108 cm/s) to 1.6x10-1 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

US Magnesium GWDP Hydrogeologic Report
December 15, 2017

Stantec 17



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 to 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).

3.3.2 Groundwater Levels, Flow Direction and Hydraulic Gradients

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 
3-4a, b).

Due to the large variability in IDS (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 area; 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).

3.3.3 Density Corrections

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:

WLw i-iCorr (WL
uncorr

WLGsl) *
' Pwell 
\pGSL

+ W Lgsl

Where:

WLcorr is the water elevation with a density correction applied, 
WLuncorr is the measured water elevation in the well,
WLgsl is the GSL water elevation,
pweii is the density of the water in the well, and
Pgsl is 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 GSM, chemical signatures of wastewater and impacted and non-impacted 
groundwater were utilized to identify locations of groundwater and surface water

a Stantec
19



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.

4.0 SUMMARY

Data from several historical investigations (2004/2005, 2014/2015) were used to develop 
and refine conceptual geological and hydrogeological models for the CWP/OWP 
area, 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 
Aquifer 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 10-7 cm/s (results range between 1.1 x 10-7 and 2.8 x 10"8 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 (IDS >10,000 
mg/L), with higher IDS concentrations observed (>100,000 mg/L) in deeper wells. 
Samples collected in 2017 confirm these findings with IDS results ranging from 17,000 
mg/L to 190,000 mg/L, with higher IDS 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 time, 
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 Ca27Mg2+/CI\ The non-impacted group, located upgradient 
of the CWP (MW-17, MW-19A, PZ-22 and PZ-24) is dominated by Na+/K7Mg2+/G7S042-.

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 3-2

MAIN DITCH AND BASELINE GROUNDWATER QUALITY 

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

Main Ditch MW-13B MW-15B

Analyte Units MCL(a) (Surface Water) (9-19)' (9-19)’

11/2/2017
(DUP)

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

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 <2.0 <100 <100 0.9 J <100 <100 <100 0.78 J <100 <100 <100 <100

Dissolved Antimony ug/L <2.0 - - 0.75 J <100 - - 0.73 J <100 - - ~

Total Arsenic ug/L
10

150 84 no 30 <50 <50 <50 42 68 66 95 96

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
Z.

<1.0 <50 <50 1.9 J <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Cadmium ug/L <1.0 - - 1.5 J <50 - - <1.0 <50 - - ~

Total Calcium mg/L
NA

918 257 D 303 7,500 4,570 D 3,970 D 3,560 D 7,500 13,300 D 13,400 0 13,800 D 14,500 D
Dissolved Calcium mg/L 917 - - 7,300 4,780 D - - 7,400 13,400 D ~ ~ -

Total Chromium ug/L
too

300 <100 <100 <2.0 <100 <100 <100 2.9 J <100 <100 <100 <100

Dissolved Chromium ug/L 290 ~ - <2.0 <100 - - 2.7 J <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 J <50 - - 84 120 - - ~
Total Copper ug/L

1,300
<2.0 120 <100 <2.0 <100 <100 <100 3.5 J <100 130 <100 <100

Dissolved Copper ug/L <2.0 - - <2.0 <100 ~ - <2.0 <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 3970 D 3180 D 4,100 4,150 D 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 4,260 D - - 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

o
<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 23 <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 88.1 D 65 340 970 D 1130 D 836 D 150 313 D 348 D 319 D 339 D
Dissolved Potassium mg/L 52 - - 320 962 D - - 150 313 D - - -

Total Selenium ug/L
50

<5.0 <250 <250 2.7 J <250 <250 <250 2.4 J <250 <250 <250 <250
Dissolved Selenium ug/L <5.0 - - 2.8 J <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 11,300 D 12,800 DJ+ 10,500 D 1,600 2,700 D 2,750 DJ+ 2,700 D 2,840 D
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

z.

<1.0 - - <1.0 <50 - - <1.0 <50 - - -

Total Vanadium ug/L
NA

900 <100 140 7.3 J <100 <100 <100 8.5 J <100 <100 <100 <100
Dissolved Vanadium ug/L 740 - - <2.0 <100 - - 8.2 J <100 ~ - ~

Total Zinc ug/L
5,000

320 no 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 40 D <0.1 <100 D <100 D <100 D <0.1 <100 D <100 D <100 D 100 D
Chloride mg/L 250 - 15,000 D 14,000 D 33,000 41,000 D 43,000 D 40,000 D 29,000 45,000 D 53,000 D 59,000 D 59,000 D
Cyanide ug/L 200 20 <10 <10 30 <25 D <10 <10 47 J 44 D 19 <10 <10
Fluoride mg/L 4 - <100 D <10 D 18 <100 D <100 D <100 D 20 <100 D <100 D <100 D <100 D

Nitrate Ion mg/L NA - hod <10 D - <100 D 120 D <100 D - <100 D HOD <100 D <100 D
Nitrate-N mg/L 10 - 25 D <2.3 D 0.29 J <23 D 28 D <23 D 0.36 J <23 D 24 D <23 D <23 D
Nitrite Ion mg/L NA - <100 D <10 D - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D
Nitrite-N mg/L 1 - <31 D <3.1 D <0.0305 <31 D <31 D <31 D <0.0305 <31 D <31 D <31 D <31 D

Perchlorate ug/L NA 1.8 2.4 D - 490 J 280 D 1.2 FD <5 D 0.6 <200 D 1.2 FD <5 D <5 D
Phosphorus, Total (as P) mg/L NA - <100 D <10 D - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D

Phosphate-P mg/L NA - <33 D <3.3 D <0.0327 <33 0 <33 D <33 D <0.0327 <33 D <33 D <33 D <33 D
Sulfate mg/L 250 - 400 D 300 D 1,900 2,800 D 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 <1.0 u ~ - -

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 5.5 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 9.2 20.0 20.1 19.3 19.3

(a,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

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 2 of 4)

Analyte Units MCL(a)

7/13/2017

MW-21
(50-60)1

8/9/2017 9/13/2017 11/1/2017 7/12/2017

MW-22A
(24-34)'

8/8/2017 9/13/2017 11/1/2017 7/12/2017 8/8/2017

MW-22B
(54-64)'

9/13/2017
9/13/2017

(DUP)
11/1/2017

Total Aluminum ug/L
50 to 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

A,
<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 39 J <50 <50 <50 34 J 57 <50 <50 45 J <50 <50 <50 <50

Dissolved Arsenic ug/L <1.0 <50 - - 42 J 55 - - 35 J <50 - ~ -
Total Barium ug/L

2,000
46 <250 <250 <250 42 <250 <250 <250 28 <250 <250 <250 <250

Dissolved Barium ug/L 27 <250 - - 51 <250 - - 24 J <250 - -- -
Total Cadmium ug/L <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
390 661 D 721 D 698 D 470 785 D 713 D 662 D 370 718 D 708 D 698 D 673 D

Dissolved Calcium mg/L 440 708 D - » 420 732 D - - 290 696 D - - -
Total Chromium ug/L

100
<2.0 <100 <100 <100 <2.0 <100 <100 <100 <2.0 <100 <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 <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 <2.0 <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 2,210 D 2,370 D 2,230 D 1,700 2,560 D 2,360 D 2,070 D 1,200 2,360 D 2,400 D 2,360 D 2,210D

Dissolved Magnesium mg/L 1,400 2,400 D - - 1,500 2,380 D - - 950 2,270 D - - -

Total Manganese ug/L
50

93 53 <50 <50 210 250 72 99 <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 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <100
Dissolved Molybdenum ug/L <2.0 <100 - - <2.0 <100 - - <2.0 <100 - - -

Total Nickel ug/L
Kl A

<1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Nickel ug/L

1 N/A
<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 1,970 D 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

<5.0 <250 UJ <250 UJ <250 <5.0 <250 <250 <250 <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 <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 32,200 D 34,400 D 33,800 D 23,000 32,200 D 32,500 D 29,700 D 26,000 35,000 D 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

o
<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 - - <1.0 <50 - -
Total Vanadium ug/L

NA
<2.0 <100 <100 <100 <2.0 <100 <100 <100 <2.0 <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 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <100

Dissolved Zinc ug/L <2.0 110 -- - <2.0 <100 - - <2.0 <100 - - -
Bromide mg/L NA 28 J <100 D <100 D <100 D <1.0 <100 D <100 D <100 D 34 J <100 D <100 D <100 D <100 D
Chloride mg/L 250 61,000 54,000 D 48,000 D 54,000 D 54,000 50,000 D 56,000 D 51,000 D 60,000 56,000 D 57,000 D 60,000 D 56,000 D

Cyanide ug/L 200 <10 140DJ- 120 D 180 D <10 <25 D 56 D <25 D 57 J 250 D 190 DJ 100 DJ 45 D
Fluoride mg/L 4 <0.1 <100 D <100 D <100 D <0.1 <100 D <100 D <100 D <0.1 <100 D <100 D <100 D <100 D

Nitrate Ion mg/L NA - <100 D HOD <100 D - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D
Nitrate-N mg/L 10 <0.0226 <23 D 25 D <23 D <0.0226 <23 D <23 D <23 D <0.0226 <23 D <23 D <23 D <23 D

Nitrite Ion mg/L NA <100 D <100 D <100 D - <100 D <100 D <100 D - <100 D <100 D <100 D <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 0.1 J <200 D 2D <5 D <0.2 <200 D 0.91 FD <5 D <0.2 <200 D <2 D 1.5 FD <5 D
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 <33 0 <33 D <33 0 <0.0327 <33 D <33 0 <33 D <0.0327 <33 0 <33 D <33 0 <33 D
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 <0.275 U <1.0 u - - <0.275 R <1.0 U - - <2.2 R <1.0 u - - -
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 12.7 122.3 152.0 124.5 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 2.2 1.7 2.2 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

(a,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

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(a) 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 J <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 <2.0 <100 <100 <100 <2.0 <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
31 J <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 no <250 <250 <250 210 400 360 380

Dissolved Barium ug/L 23 J <250 - - 110 <250 - - 200 300 - -
Total Cadmium ug/L <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
370 857 D 879 D 836 D 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 670 897 D - - 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 <2.0 <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 J <50 <50 <50 81J 94 100 100

Dissolved Cobalt ug/L <1.0 <50 - - 29 J <50 - - 81J 97 - -
Total Copper ug/L

1,300
<2.0 <100 <100 200 <2.0 <100 <100 <100 <2.0 <100 <100 <100

Dissolved Copper ug/L <2.0 <100 - - 2.1 J <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

NA
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 4,310 D 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 <0.1 <0.1 UJ <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 J <100 <100 <100 13 <100 <100 <100

Dissolved Molybdenum ug/L <2.0 <100 - - <2.0 <100 - - 8.4 <100 - -
Total Nickel ug/L

NA
<1.0 <50 <50 <50 45 J 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 2,510 D 2,140 D 320 567 D 591 D 538 D 160 208 D 229 D 229 D

Dissolved Potassium mg/L 1,700 2,410 D - - 360 572 D - - 160 220 D -- -
Total Selenium ug/L

50
<5.0 <250 <250 <250 <5.0 <250 <250 <250 2.6 J <250 <250 <250

Dissolved Selenium ug/L <5.0 <250 - - 4.4 J <250 - - 3.2 J <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 48,700 D 48,100 D 49,600 D 2,400 J 3,680 D 3,580 DJ+ 3,370 J+ 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

o
<1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50

Dissolved Thallium ug/L £- <1.0 <50 - - <1.0 <50 - - <1.0 <50 - -
Total Vanadium ug/L

NA
<2.0 <100 <100 <100 <2.0 <100 <100 <100 <2.0 <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 11 J <100 <100 <100 69 J 140 130 150

Dissolved Zinc ug/L <2.0 <100 - - <2.0 <100 - - 70 J 140 - -
Bromide mg/L NA 53 J <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 73,000 D 89,000 D 77,000 D 28,000 34,000 D 34,000 D 38,000 D 26,000 32,000 D 34,000 D 40,000 D
Cyanide ug/L 200 <10 <25 D <25 D <25 D 23 30 D <10 13 0.0095 J 38 D 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 <100 D

Nitrate Ion mg/L NA - <100 D <100 D <100 D <100 D 100 D 100D <100 D <100 D <100 D
Nitrate-N mg/L 10 <0.0226 <23 D <23 D <23 D <0.0226 <23 D 24 D 24 D <0.0226 <23 D <23 D <23 D
Nitrite Ion mg/L NA - <100 D <100 D <100 D <100 D <100 D <100 D <100 D <100 D <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

Perchlorate ug/L NA <0.2 <200 D 1.1 FD <5 D <0.2 <200 D 0.99 FD <5 D 0.42 J <200 D <2 D <5 D
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

Phosphate-P mg/L NA <0.0327 <33 0 <33 0 <33 D <0.0327 <33 D <33 D <33 0 <0.0327 <33 D <33 0 <33 0
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 <0.275 R <1.0 u - - 0.159 J <1.0 u - - 0.251 J <1.0 u - -
pH NA 6.9 6.9 7.5 7.4 6.2 5.7 5.8 5.5 5.9 5.5 5.7 5.4

Conductivity mS/cm NA 895.0 162.6 122.5 157.3 52.2 69.3 36.8 72.2 48.3 73.9 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

(a,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

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(a) 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 <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 <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 7,9100 7,150 0 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
too

<2.0 <100 <100 <100 <2.0 <100 <100 <100

Dissolved Chromium ug/L <2.0 <100 - - <2.0 <100 - -

Total Cobalt 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 <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 5,310 D 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
2

<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 11 J <100 - - 5.40 <100 - -

Total 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

380 418 D 401 D 407 D 100 271 D 291 D 255 D

Dissolved Potassium mg/L 300 41 7 D - - 100 283 D - -

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 2,540 D 2,490 DJ+ 2,530 J+ D 1,300 2,350 D 2,350 DJ+ 2,200 J+ D

Dissolved Sodium mg/L 2,300 2,610 D - - 1,300 2,450 D - ~

Total Thallium ug/L
O

<1.0 <50 <50 <50 <1.0 <50 <50 <50

Dissolved Thallium ug/L
z

<1.0 <50 - - <1.0 <50 - -

Total Vanadium ug/L
NA

<2.0 <100 <100 <100 6.5J <100 <100 <100

Dissolved Vanadium ug/L <2.0 <100 - - 6.7J <100 - -

Total Zinc ug/L
5,000

<2.0 <100 <100 <100 15 <100 <100 <100

Dissolved Zinc ug/L <2.0 <100 - - 19 <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 25,000 D 28,000 D 29,000 D 25,000 43,000 D 37,000 D 43,000 D

Cyanide ug/L 200 46 J <25 D <10 <10 29 33 D <10 25

Fluoride mg/L 4 12 <100 D <100 D <100 D 13 <100 D <100 D <100 D

Nitrate Ion mg/L NA - <100 D <100 D <100 D <100 D 100 D <100 D

Nitrate-N mg/L 10 <0.0226 <23 D <23 D <23 D <0.0226 <23 D 23 D <23 D

Nitrite Ion mg/L NA ~ <100 D <100 D <100 D <100 D <100 D <100 D

Nitrite-N mg/L 1 <0.0305 <31 D <31 D <31 D <0.0305 <31 D <31 D <31 D

Perchlorate ug/L NA <0.2 <200 D <2 D <5 D 0.55 <200 D <2 D <5 D
Phosphorus, Total (as P) mg/L NA #N/A <100 D <100 D <100 D <100 D <100 D <100 D

Phosphate-P mg/L NA <0.0327 <33 0 <33 D <33 D <0.0327 <33 D <33 D <33 D

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 too <0.27 U <1.0 u - - 0.671 <1.0 u - -

pH NA 5.9 6.2 6.2 6.3 5.7 5.6 6.0 5.3

Conductivity mS/cm NA 57.6 60.9 41.6 37.7 44.4 77.3 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 1.5

Chlorine mg/L NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Temperature C NA 20.0 19.2 22.0 16.4 12.1 21.9 21.0 18.8

|a,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

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

Well
Identification

Northing
(feet)

Easting
(feet)

Measuring
Screen Interval Point Elevation 

(feet bgs) (feet amsl)

June 2017 
Groundwater 

Elevation 
(feet amsl)

Sept 2017 
Groundwater 

Elevation 
(feet amsl)

Dec 2017
Groundwater 

Elevation 
(feet amsl)

MW-1 1299152.71 7502711.81 58-68 4223.33 - _ -

MW-2 1296014.88 7505568.45 57.5-67.5 4226.88 4217.12 4217.19 4217.13

MW-3 1298818.82 7506525.58 5-15 4223.97 4216.25 4216.07 4216.16

MW-4A 1299041.75 7506525.91 4-14 4224.03 4216.08 4215.86 4215.94

MW-4B 1299047.06 7506525.56 22.5-32.5 4224.10 4216.42 4216.19 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 4215.88 4216.15

MW-8A 1300401.17 7506516.03 6-21 - 4212.64 4215.37 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 3-13 - - 4199.70 4199.83

MW-12 1308652.00 7513480.34 3-13 - - 4198.95

MW-13A 1299497.93 7511525.61 2.5-7.5 4221.96 4212.82 4211.89 4212.08

MW-13B 1299492.23 7511521.91 9-19 4221.88 4213.03 4212,46 4212.73

MW-14 1300042.47 7511068.68 5-15 4219.60 4212.39 4212.06 4213.16

MW-15A 1301048.84 7509689.63 2-7 4220.98 4213.20 4213.02 4213.31

MW-15B 1301052.94 7509687.14 9-19 4220.71 - 4213.12 4213.40

MW-16 1299514.62 7508801.24 0.5-1.5 NA - -

MW-17 1301539.14 7506829.02 7-17 4219.78 4214.67 4214.64 4214.91

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-19B 1301867.58 7506316.40 23-33 4218,35 - 4214.88 4215.19

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 4214.34

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 9.17-19.17 4224.06 4210.73 4210.12 4210.28

PZ-02 1299175.56 7502709.28 8-16 4223.70 - - -

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 4215.13 4214.88 4214.95

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

PZ-07 1307696.18 7508202.89 3.5-13.5 4212.33 4204.65 4203.74 4204.72

PZ-08 1302052.49 7508960.28 3.5-13.5 4218.71 4211.76 4211.71 4211.85

PZ-10 1303140.57 7507905.62 4-14 4218.72 4212.22 4211.86 4212.22

PZ-11 1303807.37 7507466.23 4-14 4218.27 4211.44 4211.29 4212.15

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 3.25-13.25 4217.96 - 4211.17 4211.49

PZ-20 1302747.21 7505038.78 3-13 - - 4210.86 4211.36

PZ-22 1302067.25 7505822.25 3-13 - 4211.48 4214.23 4214.58

PZ-24 1301343.15 7507152.83 3-13 4212.28 4214.85 4215.19

PZ-26 1302170.80 7508114.31 3.5-13.5 4220.85 4214.16 4213.98 4214.29

PZ-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 4214.76 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 5.4-15.4 4224.10 4215.63 - 4215.85

LF-02 1300003.51 7506434.76 3-13 4224.89 4215.98 4215.80 4216.01

LF-03 1300940.45 7506605.67 2-12 4220.06 4215.33 -

SC-PZ-1 - - 5-10 - -

SC-PZ-2 - - 2-7 - -

PMW-1D 1291919.88 7508152.38 30-40 - 4218.14 4217.45 4217.95

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 toot); vertical coordinates are NAVD 88 (US foot)
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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 filling 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:

• Drilling 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
o 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

o 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)

Design with community in mind



• 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.3 and A.4).

Q Stantec

Design with community in mind



2.0 WELL DRILLING SUMMARY
From June 8th to June 21st, 2017 Cascade Drilling 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 tour 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 eastern edge of the CWP the collection 
of lithological, hydraulic conductivity, water-level data, and to support a pump test of 
the confined lower aquifer zone. Drilling logs and lithology are presented in Attachment 
A.l. Three wells (MW-21, MW-22B and MW-23) are screened below the deeper silty clay 
unit and one well (MW-22A) was installed adjacent to MW-22B with the screened 
interval above the deeper silty clay unit at the bottom of the shallow aquifer zone.

The four monitoring wells were constructed with four-inch schedule 40 Polyvinyl chloride 
(PVC) casing and screen. Well screen intervals were ten feet in length with a slotted 
aperture or perforation of 0.01 inches. Following well installation, the outer annulus 
between the well screen and borehole wall was gravel packed with 20/40 silica sand to 
several feet above the top of the screen interval. Above the sand pack, the outer 
annulus was completed with a bentonite and grout sanitary seal to the surface. The 
above ground well casing was protected with the installation of a well monument 
cover. All monitoring wells top of casing and ground elevations were surveyed on June 
28, 2017, by Robinson, Biehn & Biehn, Inc., Professional Land Surveyors. Wells were 
subsequently developed from June 13 to June 20, 2017, to remove tines accumulated in 
the wells during construction. Well development forms are presented in Attachment A.2.

2.1 GEOTECHNICAL AND GEOCHEMICAL SAMPLES
Undisturbed soil samples were collected from three monitoring well borings and 
seven soil borings and analyzed in a geotechnical laboratory for particle size 
distribution, Atterberg Limits, hydraulic conductivity (flexible wall permeameter), 
and water content as listed in attached Table 3-2.

Thirty-four (34) four samples were collected for particle distribution analysis with 
nine collected from the shallow aquifer, nineteen (19) from the silty clay layer 
and six from the deeper aquifer. Within each borehole two samples were 
collected from the top of the clay layer and another at a deeper interval or just 
above the deep aquifer. From the nineteen samples collected from the silty clay 
layer there was no gravels identified in the samples. Fines with in the silty clay
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layer generally dominated the sample matrix with a geometric mean of 90% 
fines overall. Samples collected in the deeper interval of the silty clays generally 
increased in fines. The fines ranged in fractionation between samples from 76% 
to 97% in all samples collected from the silty clays. Geotechnical results suggest 
that all samples collected from the silty clay layer are a clay or fat clay.

A total of thirteen (13) Samples were collected for hydraulic conductivity analysis 
from the bottom of the shallow silty aquifer, confining silty clays and the deeper 
silty aquifer.

Design with community in mind
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DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

MONITORNG WELL ID: MW-21

Stantec

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

COORDINATE SYSTEM: NAD 1983 UTM Zone 12

EASTING: 1302098.55NORTHING: 3499731.09

ELEVATION: 4218.18 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 60.5 GROUNDWATER LEVEL (ft btoc): 6.4

DATE STARTED: 6/17/2017 DATE FINISHED: 6/17/2017

LITHOLOGICAL
DESCRIPTION

FILL-POORLY GRADED SAND (SP): with fine 
grained oolitic sand and some silt and fine gravel 
(cemented oolitic), pale brown (10YR

iBILTY CLAY (CL): with trace fine sand, greenish 
gray (GLEY 5/1), medium plasticity with low plasticity 
where fine grained sands

Estimated depth to groundwater in field.

10
POORLY GRADED SAND WITH GRAVEL (SP): 
cemented oolitic sand, greenish gray (GLEY 5/1). 
POORLY GRADED SAND (SP): fine to coarse oolitic 
sand, with some silt and some fine gravel, greenish 
gray (GLEY 5/1) to very dar

C)emented oolitiesand. ____________
SILTY SAND (SM): fine grained sand, dark gray 
(GLEY 4/1) to greenish gray (GLEY 5/1), wet, 
nonplastic, generally loose with som

20 M;

25-m

Grades to very dense, wet, greenish gray (GLEY 
5/1), with thin 0.125 inch to 0.0625 inch silty clay 
wide stringers.

K = Hydraulic conductivity ft-feet
cm/sec = centimeters per second UTM = Universal Transverse Mercator
ft btoc = feet below top of casing Sch = schedule of a pipe

LOGGED BY: Bill Bragdon

LABORATORY RESULTS

G
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l %
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0 79.2 20.8 SM

0.1 74.6 25.3 SM

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface

WELL CONSTUCTION 
DIAGRAM

Above ground
protective
casing

Groundwater 
Level at 6.4 ft 
btoc in June 
2017

Aqua Grout 0 to 
43 ft bgs

Oof 50 ft bgs, 4 
in dia, Sch 40 
PVC solid riser

Borehole dia, 
10 inches from 
0 to 35 ft bgs

1



Stantec
MONITORNG WELL ID: MW-21 
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

DRILLING CONTRACTOR: Cascade Drilling

DRILLING METHOD: Sonic

DRILLING EQUIPMENT: GP24-300 RS

SAMPLING METHOD: Sonic Core Barrel

COORDINATE SYSTEM: NAD 1983 UTM Zone 12

EASTING: 1302098.55 NORTHING: 3499731.09

ELEVATION: 4218.18 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 60.5 GROUNDWATER LEVEL (ft btoc): 6.4

DATESTARTED: 6/17/2017 DATE FINISHED: 6/17/2017

LOGGED BY: Bill Bragdon

LABORATORY RESULTS

LITHOLOGICAL
DESCRIPTION

CD CO CD CO

K
(cm/sec)

WELL CONSTUCTION 
DIAGRAM

SILTY CLAY (CL): with trace fine grained sand, 
greenish gray (GLEY 6/1), medium plasticity, low 
plasticity where sandy, soft gr

CLAY SAND (SC): with fine grained sand, greenish 
\gray (GLEY 6/1), low plasticity, stiff, wet.

SILTY CLAY (CL): with trace fine sand, greenish 
gray (GLEY 5/1), medium plasticity, soft to medium 
stiff, wet, strong sulfur od

79 CL

- 26.4 4.8E-8

45

50 H SILTY SAND (SM): fine grained sand, with thinly 
interbedded clays, dark greenish gray (GLEY 4/1) to 
greenish gray (GLEY 6/1), n

2.8E-8

27.3

CL

CL

55

60

SILTY CLAY (CL): greenish gray (GLEY 6/1), 
\medium plasticity, stiff, wet.

SILTY SAND (SM): fine grained sand, dark greenish 
gray (GLEY 4/1) to dark gray (GLEY 4/1), wet, 
medium dense, nonplastic.

CLAY(CL): with trace silt, greenish gray (GLEY 5/1), 
wet, low to medium plasticity, soft, moderate sulfur 
odor.

End of borehole at 63 ft below ground surface in 
clays.

65-

SM

22.7

Notes' K = Hydraulic conductivity
' cm/sec = centimeters per second

ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface

Bentonite 43 to 
48 ft bgs

Filter Pack 
Sand 48 to 60.5 
ft bgs

50 to 60 ft bgs, 
4 in dia, Sch 40 
PVC screen

End Cap at 
60.4 ft bgs
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MONITORNG WELL ID: MW-22A
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

COORDINATE SYSTEM: NAD 1983 UTM Zone 13

EASTING: 1303162.57NORTHING: 3498683.21

ELEVATION: 4218.324 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 35 GROUNDWATER LEVEL (ft btoc): 6.75

DATE STARTED: 6/9/2017 DATE FINISHED: 6/9/2017

logged BY: Bill Bragdon

E w O X

° 9? d a?
X o

LABORATORY RESULTS

LITHOLOGICAL
DESCRIPTION

O CO

(/>
2 K

(cm/sec)

WELL CONSTUCTION 
DIAGRAM

FILL SILTY SAND (SM): fine to medium grained 
sand, brown (10 YR 5/1), nonplastic, dry grading to 
slightly moist, loose.

CLAY (CL): light brownish gray (2.5 Y 6/2), slight to 
low plasticity, wet, medium stiff, grading to soft at 7 
ft, slightly mois

15

20

25

30

35

POORLY GRADED GRAVEL (GP): cemented oolitic 
sands broke into angular sand and gravel size 
material.
POORLY GRADED SAND (SP): fine to medium 
grained oolitic sand with trace silt, gray (10YR 6/1) 
grades to light brownish gray (2.
With fine and coarse gravel size material of 
^cemented oqHticjiand. _________
SILTY SAND (SM): fine grained sand with trace silt, 
gray (GLEY 5/1) to greenish gray (GLEY 6/1), wet, 

\nonplastic, weak sulfur o 

Wth thin bedded silty clay, light olive gray (5Y 6/2), 
slight to low plasticity, medium dense, moist to wet.

Same as previous.

Increase in silt to 40%, gray (2.5Y 5/1), medium 
dense to dense, moderate sulfur odor.

Wth thin bedded silty clay.

Wth thinly interbedded silt (ML) from 35 to 36.2 ft, 
grades to dry to slightly moist at 35 ft, light greenish 
gray (GLEY 7/1).

End of borehole at 35 ft below ground surface. Install 
shallow monitoring well.

Above ground
protective
casing

Groundwater 
Level at 6.75 ft 
btoc in June 
2017

Aqua Grout 0 to 
16.8 ft bgs

Bentonite 16.8 
to 21.10 ft bgs

0 of 24 ft bgs, 4 
in dia, Sch 40 
PVC solid riser

Filter Pack 
Sand 24 to 35 
ft bgs
Borehole dia,
10 inches from 
0 to 35 ft bgs

24 to 34 ft bgs, 
4 in dia, Sch 40 
PVC screen

End Cap at 
34.4 ft bgs

Notes' ^ = Hydraulic conductivity
cm/sec = centimeters per second
ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface



DRILLING CONTRACTOR: Cascade Drilling COORDINATE SYSTEM: NAD 1983 UTM Zone 14

DRILLING METHOD: Sonic EASTING: 1303169.4 NORTHING: 3498673.93

MONITORNG WELL ID: MW-22B
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

Stantec

DRILLING EQUIPMENT: GP24-300 RS

SAMPLING METHOD: Sonic Core Barrel

ELEVATION: 4218.15

TOTAL DEPTH (ft): 65.2 

DATE STARTED: 6/8/2017

BOREHOLE ANGLE: 90 degrees

GROUNDWATER LEVEL (ft btoc): 6.38 

DATE FINISHED: 6/8/2017

LOGGED BY: Bill Bragdon

^ 3
LITHOLOGICAL 

lx DESCRIPTION

s
0

LABORATORY RESULTS

s5“ §
y 4=: -Jo& o

I
h-
_i G

ra
ve

l %

S
an

d 
%

F
in

es
 %

G
ro

up
S

ym
bo

l

P
or

os
ity

 %

K
(cm/sec)
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DIAGRAM

Above ground
0 .

FILL SILTY SAND (SM): fine to medium grained 
sand, brown {10 YR 5/1), nonplastic, dry grading to 
slightly moist, loose.

XXyxi protective 
casing

1
A CLAY (CL): light brownish gray (2.5 Y 6/2), slight to 
% low plasticity, wet, medium stiff, grading to soft at 7 

// ft, slightly mois

\
^xV Groundwater

Level at 6.38 ft 
btoc in June 

;•>> 2017
10 ^

i
C<X Agua Grout 0 to 
\ v 46.8 ft bgs.

" ‘6

15 -rA

20

lT POORLY GRADED GRAVEL (GP): cemented oolitic 

sands broke into angular sand and gravel size 
material.
POORLY GRADED SAND (SP): fine to medium 

•/'. grained oolitic sand with trace silt, gray (10YR 6/1) 
grades to light brownish gray (2.

Lri With fine and coarse gravel size material of 
cemented oolitic sand.
SILTY SAND (SM): fine grained sand with trace silt,

; gray (GLEY 5/1) to greenish gray (GLEY 6/1), wet, 
i _nonplastic, weak sulfur o _
! With thin bedded silty clay, light olive gray (5Y 6/2),
; slight to low plasticity, medium dense, moist to wet.

12.4 68.6 19 SM

Oof 54 ft bgs, 4 
in dia, Sch 40
PVC solid riser

: : : Same as previous.
0 72.8 27.2 SM

25 M

Increase in silt to 40%, gray (2.5Y 5/1), medium 
j dense to dense, moderate sulfur odor.

;\v Borehole
Diameter 10

XX inches from 0
:<:<• to 39 ft bgs.

30 | [

With thin bedded silty clay.
28.6 7.3E-8

— i i ! With thinly interbedded silt (ML) from 35 to 36.2 ft, 
grades to dry to slightly moist at 35 ft, light greenish

Mntpc- K = Hydraulic conductivity ft = feet PVC = polyvinyl chloride pipe
cm/sec = centimeters per second UTM = Universal Transverse Mercator dia = diameter
ft btoc = feet below top of casing Sch = schedule of a pipe bgs = below ground surface
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DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

<
l, U) O I
fh-0 Qd,

O a!
x o

LITHOLOGICAL
DESCRIPTION

MONITORNG WELL ID: MW-22B 
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

COORDINATE SYSTEM 

EASTING:

ELEVATION:

TOTAL DEPTH (ft): 65.2 

DATE STARTED: 6/8/2017

LOGGED BY: Bill Bragdon

NAD 1983 UTM Zone 14 

1303169.4 NORTHING: 3498673.93

4218.15 BOREHOLE ANGLE: 90 degrees

GROUNDWATER LEVEL (ft btoc): 6.38 

DATE FINISHED: 6/8/2017

LABORATORY RESULTS

O CO
2 I
O CO

K
(cm/sec)

WELL CONSTUCTION 
DIAGRAM

35

gray (GLEY 7/1).

I
CLAY (CL): with trace fine sand, greenish gray 
(GLEY 5/1), medium plasticity, moist to wet, stiff.

94 CL 44.1 1.1 E-7

1
45 i
1 Note: Sonic core interval from 47 to 60 ft fell out of 

sampler and was retrieved with 15 foot recovery. 
Lithological interpreta

8.9 91.1 CL

50

55

60

SILTY SAND (SM/ML): fine grained sand with silt, 
with some clay, greenish gray (GLEY 6/1), wet, low 
plasticity, soft to medium

2 E-7

56.2 43.8 SC

65

CLAY (CL): with trace silt and few thin sand 
stringers, greenish gray (GLEY 6/1), wet, low to 
medium plasticity, medium stiff,

POORLY GRADED SAND (SP): very dark greenish 
gray (GLEY 3/1), wet, nonplastic, very loose.
CLAY (CL): with trace silt and fine grained sand, 
medium plasticity, medium stiff to stiff, moist, strong
sulfur odor.________________________________
End of borehole at 65.2 ft below ground surface. 
Stopped drilling in observed clay.

SM

i

Borehole 
Diameter 8 
inches from 39 
to 65.2 ft bgs.

Bentonite 46.8 
to 52 ft bgs.

Filter Pack 
Sand 52 to 65.2 
ft bgs.

54 of 64 ft bgs, 
4 in dia, Sch 40 
PVC screen

End Cap at 
64.4 ft bgs

N Otes' K = Hydraulic conductivity
cm/sec = centimeters per second
ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface
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DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

CL X

5

20

25-

30

35

o o 

O IO a,
d a?

O.

LITHOLOGICAL
DESCRIPTION

SILT WITH SAND (ML): fine grained oolitic sand, 
light brown gray (10 YR 6/2), low plasticity, soft, 
slightly moist, few organic

SILTY CLAY (CL): gray (2.5 YR 6/1), high plasticity, 
wet, stiff and grading to very stiff, 
very dark gray (10 YR 3/1), medium plasticity, wet, 
weak sulfur odor, banded or very thinly beds, beds 
are greenish gray (GLEY

POORLY GRADED GRAVEL WITH SAND (GP): 
cemented oolitic sand, light olive brown (2.5 YR 7/1). 
POORLY GRADED SAND (SP): fine grained oolitic 
sand with silt, light gray (10YR 7/1) to light brownish 
gray (10YR 6/2), wet, non

POORLY GRADED GRAVEL WITH SAND (GP): 
cemented oolitic sand, light oliveJxown (2.5 YR 7/1). 
SILTY SAND (SM): fine grained sand, with some silt, 
dark greenish gray (GLEY 4/1) to dark gray (GLEY 
4/1), wet, nonplastic.

Dark gray (GLEY 3/1), to dark greenish gray (GLEY 
4/1), wet, nonplastic, medium dense.

With interbedded silty clay, greenish gray (GLEY

MONITORNG WELL ID: MW-23
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

COORDINATE SYSTEM: NAD 1983 UTM Zone 15

EASTING: 1305195.27NORTHING: 3497263.97

ELEVATION: 4219.582 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 67.3 GROUNDWATER LEVEL (ft btoc): 10.28

DATE STARTED: 6/16/2017 DATE FINISHED: 6/16/2017

LOGGED BY: Bill Bragdon

LABORATORY RESULTS

CO

3.5 96.5

o f,
o w

05

2oa.

CH

SM

K
(cm/sec)

34.9

WELL CONSTUCTION 
DIAGRAM

Above ground 
j^3 protective 

casing

Aqua Grout 0 to 
49 ft bgs

Groundwater 
Level at 10.28 
ft btoc in June 
2017

0 of 56.1 ft bgs, 
4 in dia, Sch 40 
PVC solid riser

Borehole dia, 
10 inches from 
0 to 67.3 ft bgs

Notes' K = Hydraulic conductivity
' cm/sec = centimeters per second

ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface
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MONITORNG WELL ID: MW-23
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

COORDINATE SYSTEM: NAD 1983 UTM Zone 15

EASTING: 1305195.27NORTHING: 3497263.97

ELEVATION: 4219.582 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 67.3 GROUNDWATER LEVEL (ft btoc): 10.28

DATESTARTED: 6/16/2017 DATE FINISHED: 6/16/2017

LOGGED BY: Bill Bragdon

LABORATORY RESULTS

LITHOLOGICAL
DESCRIPTION

O
2| 
0 W

K
(cm/sec)

WELL CONSTUCTION 
DIAGRAM

40

5/1), slightly to low plasticity, moist.

Low sample recovery in silty sand.

Same as previous.

CLAY (CL): with trace silt, greenish gray (GLEY 5/1), 
medium plasticity, wet, very stiff, sulfur odor.

5 1 94.9 CH

49.8 3.4E-8

CL 50.7

55

65-y;

CLAY (CL): with silt and interbedded thin fine to 
medium grained sand, greenish gray (GLEY 6/1) to 
dark greenish gray (GLEY 4/1

SILTY SAND (SM): with trace silt, gray (5Y 5/1), wet, 
nonplastic, sulfur odor, loose.

“SILTY CLAY (CL): greenish gray (GLEY 5/1), slightly 
to low plasticity, wet.

SILTY SAND (SM): with trace silt, dark greenish gray 
(GLEY 3/1), fine to medium grained, wet, nonplastic, 
sulfur odor, loose.

CLAY (CL): with trace silt, dark greenish gray (GLEY 
4/1), medium plasticity, stiff to very stiff, sulfur odor.

70.4 29.6 SM

CL

Bentonite 49 to 
54 ft bgs.
Filter Pack 
Sand 54 to 63.7 
ft bgs

56.1 to 66.1 ft 
bgs, 4 in dia, 
Sch 40 PVC 
screen

47.7 8.2E-8

End of borehole at 69 ft below ground surface in 
clays.

End Cap at 
69.4 ft bgs

M X K = Hydraulic conductivity «= feet PVC = polyvinyl chloride pipe
iNUtes. cm/sec = centimeters per second UTM = Universal Transverse Mercator dia = diameter

ft btoc = feet below top of casing Sch = schedule of a pipe bgs = below ground surface



DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Stantec

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

BOREHOLE ID:

CLIENT:

PROJECT:

SITE LOCATION:

SB-1
US Magnesium LLC

Groundwater Discharge Permit Application 

US Magnesium Rowley, Utah Plant

COORDINATE SYSTEM: NAD 1983 UTM Zone 17

EASTING: 1305030.77NORTHING: 3495366.41

ELEVATION: 4216.718 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 56

DATE STARTED: 6/19/2017 DATE FINISHED: 6/19/2017

LOGGED BY: Bill Bragdon

d o 

o x 
° 9? 
o 2 
x CD

LITHOLOGICAL
DESCRIPTION

O CO

0-

LABORATORY RESULTS

K
(cm/sec)

SILTY SAND (SM): fine to medium grained oolitic sand, grayish brown (10YR 5/2), 
gadding to very pale brown (10YR 7/3), slightly

SILT (ML): with trace clay and fine sand, greenish gray (GLEY 6/2), nonplastic, 
slight to low plasticity, weak ferrous oxide od

10 Grades to greenish black (GLEY 2.5/1), organics odor.

POORLY GRADED SAND (SP): fine to medium grained oolitic sand with trace silt, 
some cemented oolitic sand at contact with ML, li

15

SILTY
strong

20 :

SAND (SM): dark gray (GLEY 4/1), wet, nonplastic, loose to medium dense, 
sulfur odor.

25 -:

With trace silty clay.

30- i j;

N]ntp„. K = Hydraulic conductivity ft = feet PVC = polyvinyl chloride pipe
INULK&. cm/Sec = centimeters per second UTM = Universal Transverse Mercator dia = diameter

ft btoc = feet below top of casing Sch = schedule of a pipe bgs = below ground surface





Stantec
BOREHOLE ID: SB-2
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

COORDINATE SYSTEM: NAD 1983 UTM Zone 18

EASTING: 1305140.29NORTHING: 3496766.03

ELEVATION: 4215.087 BOREHOLE ANGLE: 45 degrees

TOTAL DEPTH (ft): 65

DATE STARTED: 6/19/2017 DATE FINISHED: 6/19/2017

LOGGED BY: Bill Bragdon

<
[r & 01 
m ^ O a.

XO

LITHOLOGICAL
DESCRIPTION

LABORATORY RESULTS

O CO CD CO

K
(cm/sec)

15

POORLY GRADED SAND (SP): oolitic sand, fine to medium grained, very pale 
brown (10YR 7/4), loose, subrounded to rounded, surfac

Grades to light gray (5Y 7/1), slightly moist to wet.

SILTY SAND (SM): fine to medium sand, some fine to medium oolitic sands, gray 
(5Y 6/1), oolitic sand are subrounded to rounded,
SILT (ML): gray (5Y 6/1), wet, non to slightly plastic, medium stiff to stiff where 
clayey.
CLAY (CL): greenish gray (GLEY 6/1), moist stiff to very stiff, medium plasticity, 
trace silt.

CLAYEY SILT (ML): greenish gray (GLEY 6/1), moist to wet, slight plasticity to low 
plasticity where clayey, medium stiff, trace

POORLY GRADED SAND WITH GRAVEL (SP):lighfgreen gray (GLEY 87l),fine” 

to coarse sand, fine to coarse gravel, cemented oolitic 
POORLY GRADED SAND (SP): oolitic sand, light olive gray (5Y 6/2), wet, 
nonplastic, very loose to loose.

'POORLY GRADED SAND WITH GRAVEL (SP): cemented oolitic sand, light green 
gray (GLEY 8/1), fine to coarse sand, fine to coarse gr
POORLY GRADED SAND WITH SILT (SP-SM): fine sand, dark gray (GLEY 4/1), 
wet, nonplastic, weak sulfur odor.

20

25

30

SILTY SAND (SM): dark gray (GLEY 3/1), grades to silty fine sand, with increase in 
silt to 30%, wet, nonplastic, with some inte

With interbedded silty clays.

Notes: K = Hydraulic conductivity
cm/sec = centimeters per second
ft btoc = feet below top of casing

ft. = feet
UTM = Universal Transverse Mercator
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface





DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Stantec

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

BOREHOLE ID:

CLIENT:

PROJECT:

SITE LOCATION:

SB-3
US Magnesium LLC

Groundwater Discharge Permit Application 

US Magnesium Rowley, Utah Plant

COORDINATE SYSTEM: NAD 1983 UTM Zone 19

EASTING: 1299550.42NORTHING: 3502274.05

ELEVATION: 4218.746 BOREHOLE ANGLE: 45 degrees

TOTAL DEPTH (ft): 60

DATESTARTED: 6/20/2017 DATE FINISHED: 6/20/2017

LOGGED BY: Bill Bragdon

Q- ^
LITHOLOGICAL
DESCRIPTION

FILL-SILTY SAND (SM): grayish brown (10YR 7/3), nonplastic, loose to medium 
dense, moist.
CLAYEY SILT (ML): with trace fine sand, pale brown (10 YR 6/3), slightly to high 
plasticity locally, medium stiff, slight moist

LABORATORY RESULTS
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Grading to wet at 7 ft. below ground level.

SILTY SAND (SM): light brownish gray (2.5Y 6/2), fine to medium grained sand, 
nonplastic, loose, wet, grades to red 2.5 YR 4/8)

POORLY GRADED SAND WITH GRAVEL (SP): cemented oolitic sand, fine to 
\medium grained sand, fine and coarse gravel. /

POORLY GRADED SAND (SP): fine medium grained oolitic sand, subrounded to 
rounded, nonplastic, wet, strong chemical odor.

15

Grades to red (2.5 YR 4/8), with 
chemical odor, wet, nonplastic.

SILfY SAND (SM): gray (GLEY 
sulfur and chemical odor.

Decrease in chemical odor.
20 ,

25

30 i I:

strong ferrous oxide staining, 

5/1), loose to medium dense,

pH = 5.0, strong 

nonplastic, wet, weak

With interbedded clayey silt (ML) olive gray (5Y 4/2), low plasticity, wet, weak sulfur 
odor.

Nl tpc ■ K = Hydraulic conductivity ft = feet PVC = polyvinyl chloride pipe
iNUieb. cm/sec = centimeters per second UTM = Universal Transverse Mercator dia = diameter

ft btoc = feet below top of casing Sch = schedule of a pipe bgs = below ground surface 1





Stantec
BOREHOLE ID: SB-4
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

DRILLING CONTRACTOR: Cascade Drilling

DRILLING METHOD: Sonic

DRILLING EQUIPMENT: GP24-300 RS

SAMPLING METHOD: Sonic Core Barrel

COORDINATE SYSTEM: NAD 1983 UTM Zone 20

EASTING: 1296610.3 NORTHING: 3501603.33

ELEVATION: 4219.344 BOREHOLE ANGLE: 45 degrees

TOTAL DEPTH (ft): 46

DATE STARTED: 6/20/2017 DATE FINISHED: 6/20/2017

LOGGED BY: Bill Bragdon
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LITHOLOGICAL
DESCRIPTION

LABORATORY RESULTS
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Fill material.

SILTY SAND (SM): yellowishbrown (TOY’R 5/4), fine to medium grained sand, 
nonplastic, slight moist. Fill.

POORLY^GRADED SAND (SP): fTneTnedTum grained oolitic sand, with trace silt, 
pale brown (10 YR 5/4), wet, nonplastic, slightly m

Weak chemical odor and trace ferrous oxide.

10

15

20

SILTY SAND (SM): fine grained sand, gray (GLEY 5/1), wet, nonplastic, weak 
sulfur and chemical odor, rounded oolitic sand, mixi

SILT (ML): greenish gray (GLEY 6/1), interbedded.
SILTY SAND (SM): fine sand, gray (GLEY 5/1), wet, nonplastic, weak sulfur and 
chemical odor, some fine sand, rounded, mixing of

SILT (ML): 3 inch of silt, light greenish gray (GLEY 7/1), non to slightly plastic, 
medium stiff.
SILTY SAND (SM): same as previous,
SILT (ML): less than 2 inch of silt. Same as previous.
SILTY SAND (SM): same as previous.

CLAYEY SAND (SC): fine grained sands, dark greenish gray (GLEY 4/1), slightly 
moist, low to medium plasticity, medium stiff to

CLAY (CL): with trace silt, greenish gray (GLEY 5/1) to light greenish gray (GLEY 
7/1), medium plasticity, medium stiff to hard

With interbedded sand silt (ML), beds are less than 0.5 inches, dark greenish gray 
(GLEY 4/1), wet, slightly plastic, strong su

CL

End of borehole at a length of 46 ft, approximately 35.3 ft below ground surface.

35—1----------------------------------------------------------------------------------------------------------------------------------------- ----------------- ---------------------------------

Notes: K = Hydraulic conductivity 
cm/sec = centimeters per second 
ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator 
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface

1



Stantec
BOREHOLE ID: SB-5
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

COORDINATE SYSTEM: NAD 1983 UTM Zone 21

EASTING: 1297900.42NORTHING: 3499496.31

ELEVATION: 4219.44 BOREHOLE ANGLE: 45 degrees

TOTAL DEPTH (ft): 50

DATE STARTED: 6/21/2017 DATE FINISHED: 6/21/2017

LOGGED BY: Bill Bragdon
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LITHOLOGICAL
DESCRIPTION

LABORATORY RESULTS
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SILTY CLAY (CL): light gray (10YR 7/2) to light olive brown (2.5 Y 5/3), moist, low 
to medium plasticity, some roots an organic

CLAYEY SILT (ML): generally light gray (10YR 7/2), with some light olive brown 
\(2.5 Y 5/3), slightly to low plasticity, medium _________
POORLY GRADED SAND (SP): fine to medium grained oolitic sand, very pale 
brown (10 YR 8/2), to white (10 YR 8/1), wet, nonplasti

Cemented from oolitic fragments up to 3 inches.

10-:

15

20

POORLY GRADED SAND (SP): fine sand with trace silt dark gray (GLEY 4/1), 
nonplastic, loose, wet, weak sulfur odor.

Cemented oolitic sand, light gray.

SILTY SAND (SM): fine sand with trace silt, dark gray (GLEY 4/1), wet nonplastic, 
loose, weak sulfur odor.

Grades to fine to medium sand with trace silt, light gray (GLEY 7/1), wet.
CLAY (CL): dark_greenishj)ray (GLEY 4/1), medium plasticity^sofUo medium stiff. 
POORLY GRADED SAND SILTY SAND (SP/SM): fine to medium grained sand, 
with trace silt, dark gray (GLEY 4/1), wet, nonplastic, wea

Grades to fine sand with trace silt, dark gray (GLEY 4/1), nonplastic, loose, wet, 
weak to moderate sulfur odor.

25

With thin beds of silty clay (CL), light greenish gray (GLEY 7/1), wet, low plasticity, 
medium stiff, weak sulfur odor.
Same asjjrevious.
CLAYEY SILT (ML): greenish gray (GLEY 6/1), wet, slightly plastic, soft, weak 
sulfur odor. __________________
CLAY (CL): greenish gray (GLEY 6/1), moist, medium plasticity, stiff, moderate to 
strong sulfur odor.

10.6 89.4

CL

CL

End of 45 degree angled borehole at a length of 50 ft, approximately 35.4 ft below 
ground surface.

Notes' K = Hydraulic conductivity
cm/sec = centimeters per second 
ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator 
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface

1



Stantec
BOREHOLE ID: SB-6
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

DRILLING CONTRACTOR: Cascade Drilling

DRILLING METHOD: Sonic

DRILLING EQUIPMENT: GP24-300 RS

sampling METHOD: Sonic Core Barrel

COORDINATE SYSTEM: NAD 1983 UTM Zone 22

EASTING: 1302302.73NORTHING: 3496078.35

ELEVATION: 4217.798 BOREHOLE ANGLE: 45 degrees

TOTAL DEPTH (ft): 55

DATE STARTED: 6/22/2017 DATE FINISHED: 6/22/2017

LOGGED BY: Bill Bragdon
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LITHOLOGICAL
DESCRIPTION

LABORATORY RESULTS
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FILLLsand aILd sll1 fi!Lmai6ria[. ______________
SILTY SAND (SM): fine to medium grained oolitic sands, very pale brown (10YR 
8/2) to white (10 YR 8/1), subrounded to rounded s
SILT (ML): with trace fine sand and clay, very pale brown (10 YR 8/2), slightly low 

\plasticity, moist, trace roots and organics 

Grades to light brownish gray (2.5 Y 6/2), low plasticity, moist, weak ferrous oxide.

Grades to grayish brown (2.5 Y 5/2), moist to wet, low to medium plasticity.

30

35

SILTY SAND (SM): fine to medium grained sands, light greenish gray (GLEY 6/1), 
\nonplastic, wet.

SILT (ML): with trace fine sand, greenish gray (GLEY 6/1), low plasticity, moist to
wet._ __ _ ________________
POORLY GRADED SAND (SP): fine to medium grained sand with trace silt, some 
politic sand, light greenish gray (GLEY 7/1), nonpla 
Grades to greenish gray (GLEY 5/1).
POORLY GRADED SAND WITH GRAVEL (SP): cemented oolitic sand, fine and 
coarse gmveljracuments to 3Jnches,grades to light yello ______/

SILTY SAND (SM): gray (GLEY 6/1), nonplastic, loose, wet, weak sulfur odor.

With few thin interbedded silt (ML), light greenish gray (GLEY 8/1), low plasticity, 
medium stiff, wet.
SILTY SAND (SM): as previous.

I

i

CLAY (CL): with trace silt, greenish gray (GLEY 5/1), medium plasticity, medium 
stiff, strong sulfur odor.
SILT (ML): with sand, greenish gray (GLEY 5/1), low plasticity, soft, moist to wet, 
strong sulfur odor.
CLAY (CL): as previous.
SILT (ML): as previous.
CLAY (CL): as previous.
SILT (ML): as previous.
CLAY (CL): as previous.

11.1 88.9

CL

CL

CL

40
End of 45 degree angled borehole at a length of 55 ft, approximately 39 ft below 
ground surface.

N otes' K “ Hydraulic conductivity 
uieb. cm/sec = centimeters per second 

ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator 
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface

1











B 2
& 3.

C/2 g —
§: n ^ 
5T jr o 
Cu o cSL o 5
^ 5 s
? g 2

n‘ p- “ 
2 w g 
S S.OQ

bn 5 S
^ Co B-

IC t•>

o1
o
CD
CD Q)

o ^ 
c:

O 
C § 
^ §

CD
^r

c:
5L
oo
CD

CD 
03
5'
3
r~ 
r- 
O ^

o
cl

0

1
i

!

o
CQ
O'

o
3
CO

Cp
Co
CD
O
O'
^3
r-
o
O -fi
CD ~
r^K (Q
O' C
_CD

CD
~C

CO

I

I

I
■^Jo
o

CO
U 4^ 
-no 
CD ° 
(D

^ cr*-t CD

o

0
1 
BD

Crq

◄ ^ ® ©

o
ro

b
crq
^rj&3n
e:

Q

b-.o
3
r1o
n

c-t-o'
3
r1I'

vO
K)Qv
VO

-<1co

£

ho

Cn

vOVIO

Ho

N>CO

vO

V]o

§
33O

S'
CfQ

i—i GO

vO

NJ

C3O cdo

OP Crq

i i
VI 4^

VO
XIho

VO
XI
ho

Cd

0i-i3
OQ

1
VO

MOv

VO

cd
o

S'
crq

vo
ov
vo

I'

vo
OV
VO

Cd
o
*—iS'

Crq

ho

X
vO
Ov
vO

a

bo
n
EB

b.
3

o
5.

3

TO

fD
$

fT
a

3
Crq

fD
crq
fD
3
a









G:\\01 32320\1 5\01 323201 5-01 .dwg R. Olson 06/09/16 0321320.15





G:\\Q1 32320\15\01 323201 5-01 .dwq R. Olson 06/09/16 0321320.15

ELEVATION (FEET AMSL)

a o









G:\\0132320\1 5\013232015-01 .dwq R. Olson 06/09/16 0321320.15

ELEVATION (FEET AMSL)

cn
o

L

-^J co
Oi o

_1__ i__ L m

ELEVATION (FEET AMSL)

£ gCL o
^ R

^ C ■Os
h

II

< 0

§ ^ 

cn
S q
ST B 3 2

ct.
I§

roi

i
t:
K3
3rB3
3

3

o
3.
§
5'

OT
5?

S'
oq

I

i•a
s
1.

"d

g5 §

if
? S-

n 
B 
sr

r s.

■ ■■ m

i ◄ •-^-0-

> n H
Hi O•r4* on ^3 g3

r-t H-t

o g 
N 3 

3 nc 
3 o













G:\\0132320\1 5\013232015—01 .dwg R. Olson 06/09/16 0321320.15

E2 2Q- O

^ O

O O

CB
o &

LO,—,n 22

£ <
rt) pg t
£“ D

i]

s5

I
o
l-l

o2.

§

I
o

0<?
I

t=i
K
n>
3

H

|-d

cn
o3:
03
O
HS'

era

O ^ 
1^ 

5-§

5
6

2 n
i|

D. cn

Q
ET
r1
o

s3

33

> (T)a- fD
o oI- c§.

° 5 n£ ^ §
o ^ ^
3 r1 Q.
5' ? ^
^ 2- S3

ELEVATION (FEET AMSL)

—X —W —i. —* hO
N)° S
-i ^

•SKULL VALLEY 
DIVERSION DITCH

INTERSECTION 
WITH D-D1

6V

ROAD

SKULL VALLEY 
DIVERSION DITCH

INTERSECTION 
"WITH E-E'

h

■SKULL VALLEY 
DIVERSION DITCH

GSL INTAKE CANAL

1—'—I

I * ’ ,

• - i‘. •"

i , ■ 'U

•; LV • 3"

• .'lie oJL

ELEVATION (FEET AMSL)

5 1 1^2
U)
><:T|

S z gft*

n

> n

£ fr-
ON o

3

R
p
pr.
o3
t-H
5-

L0 H 
^ $ 

O 3
EU rt-
3

era

Sf
§ I

H Tf

'“S

5 S 
§ n3. m 
o 2" a5'

era
§





Lithology data collected
 A

pril 27-28, 2015

C:\MWH\USMAG\FIGURES\Figure 2-1_USMag_CrossSectionA-A_B-B_Jul2015.ai 28 July 2015 DRAWN BY D. Severson
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PROJECT NO. 4270163.010109.ai Fig 3-01_usmag Xsecjoc. 08/04/04 SLC





PROJ^^B). 4270163.010109.ai 07/22/04 SLC





PROJECT NO. 4270163.010109.ai 08/04/04 SLC
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Physical Address: 1541 North 800 East, North Logan 
Mailing Address: 9400 Old Main Hill, Logan, UT 84322 - 9400 

Phone: (435) 797- 2217 • Fax: (435) 797 - 2117 

Web: usual.ustt.edu

UtahStateU Diversity
USU ANALYTICAL LABORATORIES

7/6/2017

Stantec
Attn: Susan Eyzaguirre
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, UT 84121

Samples Received: 6/23/2017

USU ID Identification Calcium Carbonate 
%

1505 MW21-5 23.5

1506 MW21-10 53.3

1507 IV1W21-15 53.9

1508 MW21-20 14.9

1509 MW21-25 34.1

1510 MW21-30 21.7

1511 MW21-35 19.8

1512 MW21-40 29.7

1513 MW21-45 45.2

1514 MW21-50 43.3

1515 MW21-55 47.7

1516 MW21-60 39.0

Plant Analysis Lab
Soil Testing Lab
Feed Anaysis Lab
Irrigation Water Analysis Lab

Manure Analysis Lab



Physical Address: 1541 North 800 East, North Logan 
Mailing Address: 9400 Old Main Hill, Logan, UT 84322 - 9400 
Phone: (435) 797- 2217 • Fax: (435) 797 - 2117 

Web: usual.usu.edu

UtahStateUniversity
USU ANALYTICAL LABORATORIES

7/6/2017

Stantec
Attn: Susan Eyzaguirre
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, UT 84121

Samples Received: 6/23/2017

USU ID Identification Calcium Carbonate 
%

1517 MW23-5 32.2
1518 MW23-10 16.7
1519 MW23-15 21.7
1520 MW23-20 60.7
1521 MW23-25 27.9
1522 MW23-30 19.8
1523 MW23-35 13.6

1524 MW23-40 29.1

1525 MW23-45 25.4
1526 MW23-50 35.3

1527 MW23-55 37.8

Plant Analysis Lab
Soil Testing Lab

Feed Anaysis Lab
Irrigation Water Analysis Lab
Manure Analysis Lab



Physical Address: 1541 North 800 East, North Logan 
Mailing Address: 9400 Old Main Hill, Logan, UT 84322 - 9400 

Phone:(435)797-2217 • Fax:(435)797-2117 

Web: usual.usu.edu

UtahStatellniversity
USU ANALYTICAL LABORATORIES

7/6/2017

Stantec
Attn: Susan Eyzaguirre
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, UT 84121

Samples Received: 6/23/2017

USU ID Identification Calcium Carbonate 
%

1528 SB1-5 81.7
1529 SB1-10 21.1

1530 SB1-15 74.3

1531 SB1-20 29.7

1532 SB 1-25 26.0

1533 SB1-30 20.4

1534 SB1-35 13.0

1535 SB1-40 32.8

1536 SB1-45 34.1

1537 SB1-50 40.9

Plant Analysis Lab
Soil Testing Lab
Feed Anaysis Lab
Irrigation Water Analysis Lab

Manure Analysis Lab



UtahStatellniversity
USU ANALYTICAL LABORATORIES

Physical Address: 1541 North 800 East, North Logan 
Mailing Address: 9400 Old Main Hill, Logan, UT 84322 - 9400 

Phone:(435)797-2217 • Fax:(435)797-2117 

Web: usual.usu.edu

7/6/2017

Stantec
Attn: Susan Eyzaguirre
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, UT 84121

Samples Received: 6/23/2017

USU ID Identification Calcium Carbonate 
%

1538 SB2-5 79.3

1539 SB2-10 27.2

1540 SB2-15 18.0

1541 SB2-20 69.3

1542 SB2-25 70.0

1543 SB2-30 29.7

1544 SB2-35 19.8

1545 SB2-40 20.4

1546 SB2-45 20.4

1547 SB2-50 30.3

1548 SB2-55 34.1

1549 SB2-60 21.7

1550 SB2-65 34.7

Riant Analysis Lab

Soil Testing Lab
Feed Anaysis Lab
Irrigation Water Analysis Lab

Manure Analysis Lab



Physical Address: 1541 North 800 East, North Logan 
Mailing Address: 9400 Old Main Hill, Logan, UT 84322 - 9400 
Phone:{435)797-2217 • Fax:(435)797-2117 

Web: usual.usu.edu

UtahStateU niversity
USU ANALYTICAL LABORATORIES

7/13/2017

Stantec
Attn: Susan Eyzaguirre
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, UT 84121

Samples Received: 6/23/2017

USU ID Identification Calcium Carbonate 
%

1551 SB3-5 18.6

1552 SB3-10 18.6

1553 SB3-15 65.6

1554 SB3-20 45.2

1555 SB3-25 14.9

1556 SB3-30 21.7

1557 SB3-35 21.7

1558 SB3-40 23.5

1559 SB3-45 45.2

1560 SB3-50 11.8

1561 SB3-55 31.0

1562 SB3-60 35.9

Plant Analysis Lab

Soil Testing Lab
Feed Anaysis Lab
Irrigation Water Analysis Lab

Manure Analysis Lab





July 21,2017
Lab no. 217225

Ms. Susan Eyzaguirre
Stantec Consulting Services, Inc
2890 East Cottonwood Parkway, Suite 300
Salt Lake City, Utah 84121

Dear Ms. Eyzaguirre:

Enclosed are the x-ray diffraction (XRD) results for “US Magnesium” samples received with PO no 
P30152-N. This report will be mailed and emailed to you. The signed acknowledgment of the “New 
Client Credit Application” will be mailed with this report.

The samples were wet as received so were air-dried before grinding and analysis. Each dry sample was 
crushed by hand. A representative portion of each dry, crushed sample was ground to approximately 
-400 mesh in a steel swing mill, packed into a well-type plastic holder (bulk mount) and then scanned 
with the diffractometer over the range, 3-61 ° 20 using Cu-Ka radiation. The ground samples were also 
prepared as oriented mounts by mixing ground sample with distilled water, drawing the mixture onto a 
cellulose acetate filter and then rolling the deposited material onto a glass disk. The oriented mounts 
were scanned over the range 2-30°; treated with glycol and then re-scanned over the range 2-22°. 
Analysis of oriented mounts aids in the identification of clay minerals. The results of the scans are 
summarized as approximate mineral weight percent concentrations on the enclosed table. Estimates of 
mineral concentrations were made using our XRF-determined elemental compositions and the relative 
peak areas on the XRD scans of the “bulk” mounts. The detection limit for an average mineral in these 
samples is ~1-3% and the analytical reproducibility is approximately equal to the square root of the 
amount. “Unidentified" accounts for that portion of the XRD scan which could not be resolved and a “?” 
indicates doubt in both mineral identification and amount.

Thank you for the opportunity to be of service to Stantec Consulting Services.

Sincerely,

Peggy Dalheim



Stantec Consulting Services, Inc
XRD Results for “US Magnesium” Samples Received with PO no. P30152-N
Page 1 of 5

July 21, 2017
Lab no. 217225

Approx. Wt %

Mineral Name Chemical Formula MW-21-40 MW-21-45
MW-22B-

40
MW-22B-

50

Quartz Si02 19 10 16 14

Calcite CaC03 13 14 11 14

Aragonite CaC03 12 29 13 23

Dolomite Ca(Mg,Fe)(C03)2 18 16 13 15

Halite NaCI 5 <5 5 <5

Plagioclase feldspar (Na,Ca)AI(Si,AI)308 9 5 9 7

K-feldspar KA!Si308 <5 <5 <5 —

Mica/illite (K,Na,Ca)(AI,Mg,Fe)2(Si,AI)4O10(OH,F)2 8 6 8 10

Smectite (Ca,Na)x{AI,Mg,Fe)4(Si,AI)8O20(OH,F)4-nH2O <10 <10 16 <10

Chlorite (Mg,Fe,AI)6(Si,AI)4O10(OH) <3? <3

Kaolinite AI2Si205(0H)4 — <5
<31

<3?

Clinoamphibole (Na,K)(Ca,Na)2(Mg,Fe,AI)5(Si,AI)8022(0H,F)2 <1? — — <2?

Unidentified ? <5 <5 <5 <5

■

Initial

Date

Analysis performed by The Mineral Lab, Inc



Stantec Consulting Services, Inc
XRD Results for “US Magnesium” Samples Received with PO no. P30152-N
Page 2 of 5

July 21, 2017
Lab no. 217225

Approx. Wt %

Mineral Name Chemical Formula MW-23-40 MW-23-50 SB-1-40 SB-1-45

Quartz Si02 22 13 15 16

Calcite CaC03 12 13 15 13

Aragonite CaC03 5 26 16 11

Dolomite Ca(Mg,Fe)(C03)2 28 13 13 20

Halite NaCI 6 16 5 5

Plagioclase feldspar (Na,Ca)AI(Si,AI)308 11 5 7 8

K-feldspar KAISi308 <3? <3? <5? <5

Mica/illite (K, Na,Ca)(AI, Mg, Fe)2(Si, AI)4O10(OH,F)2 7 5 7 9

Smectite (Ca,Na)x(AI,Mg,Fe)4(Si,AI)8O20(OH,F)4.nH2O <5? <5 15 10

Chlorite (Mg,Fe,AI)6(Si,AI)4O10(OH) <3? — — <5

Kaolinite AI2Si205(0H)4 — - <3? —

Clinoamphibdle (Na,K)(Ca,Na)2(Mg,Fe,AI)5(Si,AI)8022(0H,F)2 <3 <2? <2? <2?

Unidentified ? <5 <5 <5 <5

Initial

Date

Analysis performed by The Mineral Lab, Inc



Stantec Consulting Services, Inc
XRD Results for “US Magnesium” Samples Received with PO no. P30152-N
Page 3 of 5

July 21, 2017*
Lab no. 217225

Approx. Wt %

Mineral Name Chemical Formula
SB-2-
60/42

SB-2-
65/46

SB-3-
55/39

SB-3-
60/42

Quartz Si02 30 9 22 10

Calcite CaC03 11 13 11 16

Aragonite CaC03 — 18 8 18

Dolomite Ca(Mg,Fe)(C03)2 23 10 24 15

Halite NaCI 5 22 <5 <5

Plagioclase feldspar (Na,Ca)AI(Si,AI)308 16 <5 11 10

K-feldspar KAISi308 <5 <5 <3 <3?

Mica/illite (K,Na,Ca)(AI,Mg,Fe)2(Si,AI)4O10(OHlF)2 5 <5 9 8

Smectite (Ca,Na)x(AI,Mg,Fe)4(Si,AI)8O20(OH,F)4*nH2O <5 13 10

Chlorite (Mg,Fe,AI)6(Si,AI)4O10(OH) <3? <3? <3? <3

Kaolinite AI2Si205(OH)4 — _ — <3?

Clinoamphibole (Na,K)(Ca,Na)2(Mg,Fe,AI)5(Si,AI)8022(0H,F)2 <2? <3 <2?

Unidentified ? <5 <5 <5 <5

Initial

Date

Analysis performed by The Mineral Lab, Inc



Stantec Consulting Services, Inc
XRD Results for “US Magnesium” Samples Received with PO no. P30152-N
Page 4 of 5

July 21, 2017
Lab no. 217225

Approx. Wt %

Mineral Name Chemical Formula SB-4-40 SB-4-45
SB-5-
45/32

SB-5-
50/35

Quartz Si02 14 14 24 19

Calcite CaC03 15 15 12 14

Aragonite CaC03 20 25 <5 13

Dolomite Ca(Mg,Fe)(C03)2 17 16 29 18

Halite NaCI <2 <2? <3 <3

Plagioclase feldspar (Na,Ca)AI(Si,AI)308 8 8 10 10

K-feldspar KAISi308 <5 <3 <3 <3

Mica/illite (K,Na,Ca)(AI,Mg,Fe)2(Si,AI)4O10(OH,F)2 8 9 10 9

Smectite (Ca,Na)x(AI,Mg,Fe)4(Si,AI)8O20(OH,F)4.nH2O <10 <5 <5 10

Chlorite (Mg,Fe,AI)6(Si,AI)4O10(OH) — <3 <3? <3

Kaolinite AI2Si205(0H)4 <3? — — —

Clinoamphibole (Na,K)(Ca,Na)2(Mg,Fe,AI)5(Si,AI)8022(OH,F)2 <2? <2? <2?

Unidentified ?____________________!__b____ m_______ <5 <5 <5 <5

Initial

w

Date

Analysis performed by The Mineral Lab, Inc



Stantec Consulting Services, Inc
XRD Results for “US Magnesium” Samples Received with PO no. P30152-N
Page 5 of 5

July 21, 201/
Lab no. 217225

Approx. Wt %

Mineral Name Chemical Formula
SB-6-
50/35

SB-6-
55/39

SB-7-30 SB-7-35

Quartz Si02 19 15 24 23

Calcite CaC03 11 17 22 18

Aragonite CaC03 6 15 — 6

Dolomite Ca(Mg,Fe)(C03)2 29 14 22 18

Halite NaCI <2 <2 — —

Plagioclase feldspar (Na,Ca)AI(Si,AI)g08 13 9 9 1 10

K-feldspar KAISigOg <5 <3 5 5

Mica/illite (K,Na,Ca)(AI,Mg,Fe)2(Si,AI)4O10(OH,F)2 10 9 13 9

Smectite (Ca,Na)x(AI,Mg,Fe)4(Si,AI)8O20(OH,F)4.nH2O <5 14 <5 <10

Chlorite (Mg.Fe,AI)6(Si,AI)4O,0(OH) — — <3 <3

Kaolinite AI2Si205(OH)4 — —

Clinoamphibole (Na,K)(Ca,Na)2(Mg,Fe,AI)5(Si,AI)8022(0H,F)2 <2? <2 <2? <2?

Unidentified ? <5 <5 <5 <5

Date

Analysis performed by The Mineral Lab, Inc
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1.0 INTRODUCTION

Aquifer tests were conducted at the US Magnesium facility in June 2017 to 
provide data to support the Groundwater Discharge Permit application for a 
proposed Retrofitted Waste Pond designed to receive production wastewater. 
During the June 2017 field effort pneumatic slug tests and a pumping test were 
performed at the site to characterizing aquifer properties in both the Upper and 
Lower Aquifer Zones of the regional shallow aquifer. Sections 2, 3 and 4 below 
summarize these efforts.

2.0 PNEUMATIC SLUG TESTS

Stantec personnel conducted pneumatic slug tests on June 19th and 20th, 2017 
at ten locations throughout the site in accordance with Standard Operating 
Procedures (SOPs) as described in the May 2017 work plan (Stantec, 2017). The 
original work plan identified 15 wells/piezometers for testing, however 5 locations 
were not tested due to the inability to hold pressure because the static 
groundwater level was below the top of the well screen interval, or the casing 
was not sufficiently air tight to hold pressure/vacuum. Pneumatic slug tests were 
conducted in five wells with screened intervals in the shallow aquifer Upper 
Aquifer Zone, and five wells screened in the Lower Aquifer Zone (Figure B-l).

A minimum of three pneumatic slug tests were completed at each monitoring 
well. Positive pressure tests on all wells/piezometers were completed first, 
followed by a round of negative pressure tests at all wells/piezometers. Positive 
pressure tests consisted of delivering between 12 and 55 inches of water to 
create groundwater displacement within the well. Negative (vacuum) pressure 
tests consisted of applying negative pressure to the water column to create a 
positive displacement of water (increase in water column). The displacement of



Stantec

groundwater was monitored using a transducer submerged below the 
groundwater which collected water-level readings every 0.25 seconds.

2.1 PNEUMATIC SLUG TESTS ANALYSIS

Pneumatic slug test data were analyzed using the software package 
AQTESOLAO version 4.0 Professional (Duffield, 2007). The hydraulic head data 
measured during the selected pneumatic slug tests were evaluated using two 
different mathematical models: Bouwer-Rice (Bouwerand Rice, 1976) and 
Hvorslev (Hvorslev, 1951). The following assumptions have been applied for these 
analysis methods (Duffield, 2007):

• Aquifer has infinite areal extent and is homogeneous and of uniform 
thickness,

• Aquifer potentiometric surface is initially horizontal,

• Control well is fully or partially penetrating,

• A volume of water is injected or discharged instantaneously from the 
control well,

• Aquifer is confined or unconfined and flow is steady.

2.2 PNEUMATIC SLUG TESTS ANALYSIS AND RESULTS

Pneumatic slug test analysis reports are presented in Attachment B.l.

2.2.1 Upper Aquifer Zone Results

Data from five tests conducted in wells/piezometers completed to shallower 
depths were used to interpret the hydraulic conductivity of the Upper Aquifer 
Zone. Calculated hydraulic conductivity values for this zone ranged from 0.2 to 
4.9 meters per day (m/day) and had a median of 0.8 m/day. Generally, the 
Upper Aquifer Zone is composed of fine-grained sands, including oolitic sands 
with some interbedded silts and clays. Published literature from Domenico and 
Schwartz (1990) suggest sedimentary deposits including fine sand have a range 
of potential hydraulic conductivity between 1.7 x 10-2and 17 m/day. The overall 
calculated hydraulic conductivity of 0.8 m/day for Upper Aquifer Zone is 
considered at the higher end of this range.

2.2.2 Lower Aquifer Zone Results

Data from five wells completed at deeper depths were used to evaluate 
hydraulic conductivity of the Lower Aquifer Zone, which is composed of finer- 
grained silty clays. Hydraulic conductivity interpreted from five wells from the 
Lower Aquifer Zone range between 0.2 to 3.2 m/day with a median of 0.8 
m/day. Published literature from Domenico and Schwarfz (Domenico and
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Schwartz, 1990) suggest a range tor silts between 8.6 x 10-5 and 1.7 m/day and 
clays between 8.6 x 10-7 and 4 x 10-4 m/day. The calculated hydraulic 
conductivity in the Lower Aquifer Zone is considered on the higher end of the 
typical range for a silty aquifer.

3.0 PUMPING TEST - LOWER AQUIFER ZONE

A 48-hour pumping test was conducted at MW-22B, a new well completed in 
the Lower Aquifer Zone. Responses in both the Upper and Lower Aquifer Zones 
were recorded and analyzed.

The pumping test was performed in accordance with Standard Operating 
Procedures presented in the May 2017 Work Plan (Stantec, 2017). Water was 
pumped from the aquifer using a Grundfos X submersible pump with a 150 kW 
Franklin electric motor. The pump was powered by a 300 KVA generator. The 
pump inlet was lowered to approximately the midway point of the screen 
interval to draw groundwater from the deep aquifer and obtain maximum 
groundwater head above the pump. Water levels were measured both 
manually and with a transducer in MW-22B during the preliminary, constant-rate, 
and recovery tests.

Groundwater levels were monitored with transducers in nine observation 
wells/piezometers to record groundwater-level drawdown responses during the 
aquifer test (five completed in the Upper Aquifer Zone and four completed in 
the Lower Aquifer Zone). Table 3-4 in the Hydrogeologic Report summarizes the 
water-level monitoring point screen interval, aquifer type and proximity to MW- 
22B for each observation well/piezometer during the aquifer tests. Figure B-2 
presents the location of the nearby monitoring wells used to monitor the 
constant rate and recovery tests.

Following test setup and preliminary tests, the constant rate test was started on 
June 17, 2017 and conducted for approximately 24 hours at a rate of 3 gallons 
per minute (gpm). On June 18, 2017, the flow rate was increased to 5.4 gpm 
and the constant rate test continued for an additional 24 hours. The pumping 
rate was increased for the constant rate test after a 24-hour period due to the 
relatively low drawdowns observed in the pumping during the first 24 hours. 
Therefore, the second half of the pumping test was able to stress the Lower 
Aquifer Zone with a higher pumping rate and a larger drawdown in the 
pumping well was observed. After 48 hours of constant rate test, the pump was 
stopped and the recovery test began on June 19, 2017.

3.1 PUMPING TEST ANALYSIS METHODS

The hydraulic head data measured during the pumping test at MW-22B was 
evaluated using two different mathematical models including Cooper-Jacob 
(1946) for the pumping period and Theis (1935) for the recovery test. The
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following assumptions were applied for these analysis methods (Kruseman, 
1994):

• The aquifer is confined and infinite areal extent,
• The aquifer is homogeneous, isotropic and of uniform thickness over the 

area influenced by the test,
• Prior to pumping the piezometric surface is horizontal over the area that 

will be influenced by the test,
• The aquifer is pumped at a constant discharge rate
• The pumping wells penetrate the entire thickness of the aquifer and 

receive water by horizontal flow.

3.2 PUMPING TEST RESULTS

The resulting analysis and interpretation reports for aquifer and recovery tests at 
the pumping well, MW-22B, are presented in Attachment B.2. Results from the 
pumping test analyses indicate that hydraulic conductivity estimates for MW-22B 
range from 3.8 to 4 ft/day (1.3xlO03 to 8.4x1004 centimeters per second [cm/s]). 
These results are consistent with literature values for silty sands and fine sand 
unconsolidated sediments (Fetter, 2001). The storage coefficient or storativity 
values calculated for the constant rate test (CRT) suggest they are consistent 
within an order of magnitude of values expected for confined aquifers.

With the exception of observation well MW-22A, water levels in eight of the nine 
observation monitoring wells/piezometers did not change during the 48-hour 
pumping test at pumping rates of 3 to 5.4 gpm. MW-22A is located 12 feet from 
MW-22B and screened from 24 to 34 feet below ground surface (bgs) in the silty 
sand Upper Aquifer Zone. The maximum drawdown of 1.6 feet was observed 
during the preliminary setup and prior to the test when the well was pumped at 
10 gpm for seventy five minutes. During the pump test period the maximum 
drawdown observed was 0.27 feet in MW-22A. These results may suggest the 
clay confining unit (Deeper Silty Clay Unit) between the Upper and Lower 
Aquifer Zones may be leaky under stressed conditions. However, negligible 
change in water level was observed at the other during the stressed condition 
of the preliminary tests and the CRT.
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WELL TEST ANALYSIS

PROJECT INFORMATION

Company: Stantec 
Client: U.S. Magnesium 
Test Well: MW-22B 
Test Date: 26 June 2017

Saturated Thickness: 60. ft

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): T

WELL DATA

Pumping Wells
Well Name AM Y (ft)
MW-22B 0 0

Observaltion Wells
Well Name x (ftL Y (ft)
□ MW-22B 0 0

SOLUTION

Aquifer Model: Confined Solution Method: Theis (Recovery)
T = 181.3 ft2/day S/S' = 0.534



Adjusted Time (sec)

WELL TEST ANALYSIS

PROJECT INFORMATION

Company: Stantec 
Client: U.S. Magnesium 
Test Well: MW-22B 
Test Date: 27 June 2017

Saturated Thickness: 60. ft

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.

WELL DATA

Pumping Wells
Well Name x(ft) Y (ft)
MW-22B 0 0

Observa!tion Wells
Well Name X(ft) Y (ft)
° MW-22B 0 0

SOLUTION

Aquifer Model: Unconfined Solution Method: Cooper-Jacob
T = 609 ft2/day S = 1.346E-8



Adjusted Time (sec)

WELL TEST ANALYSIS

PROJECT INFORMATION

Company: Stantec 
Client: U S. Magnesium 
Test Well: MW-22B 
Test Date: 29 June 2017

Saturated Thickness: 60. ft

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.

WELL DATA

Pumping Wells
Well Name x(ft) Y (ft)
MW-22B 0 0

Observaltion Wells
Well Name X(ft) Y (ft)
□ MW-22B 0 0

SOLUTION

Aquifer Model: Unconfined Solution Method: Cooper-Jacob
T = 84.08 ft2/day S = 0.001624-



WELL TEST ANALYSIS

PROJECT INFORMATION

Company: Stantec 
Client: U.S. Magnesium 
Test Well: MW-22B 
Test Date: 29 June 2017

AQUIFER DATA

Saturated Thickness: 60. ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA

Well Name x(ft) Y (ft)
MW-22B 0 0

SOLUTION

Aquifer Model: Confined 
T = 39.56 ft2/day

Solution Method: Theis (Recovery) 

S/S' = 2.01

Observaltion Wells
Well Name X(ft) Y (ft)
□ MW-22B 0 0
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DATA VERIFICATION
GROUNDWATER AND SURFACE WATER SAMPLING 

AUGUST/SEPTEMBER 2017

Introduction. Groundwater samples were collected as listed in Table C-l at the US Magnesium 
Rowley Facility August 8-9, 2017 and September 13-14, 2017. A summary ot the analytical data is 
presented in Table C-2. The following paragraphs summarize the results of the data validation.

Sampling Procedures. All groundwater samples were collected as scheduled and in accordance 
with the US Magnesium Groundwater Discharge Permit Application Preparation - Field Data 
Collection Work Plan (Stantec, 2017).

Analytical Procedures and Detection Limits. All samples were analyzed in accordance with the 
methodology, detection limits, and quality control (QC) criteria in the appropriate United States 
Environmental Protection Agency (USEPA) methods and laboratory Standard Operating 
Procedures. ALS Laboratory, located in Salt Lake City, Utah, provided the analytical services.

Plolding times were evaluated and are presented in Table C-3. All holding times met method 
criteria.

One field duplicate sample was collected at monitoring well MW-22B. A summary of the field 
duplicate results as compared with the normal sample results is presented in Table C-4. 
Requested matrix spike/matrix spike duplicate (MS/MSD) analyses were performed MW-21. 
Additional MS/MSD analyses were performed on MW-13B, MW-22A, and MW-23 for laboratory 
batch QC.

The following occurred during sample analysis resulting in flagged or qualified data; however, 
there was no impact to data usability:

• Dilutions were required during the analysis of anions, perchlorate, cyanide, and metals 
due to matrix interference or high concentrations of one or more constituents. The 
affected sample results are flagged with a “D” to indicate sample dilution in Table C-2.

• Sodium was detected in two method blanks associated with samples collected 
September 2017.

• MS/MSD recoveries and/or relative percent differences (RPDs) were outside the 
acceptance criteria for cyanide, mercury, total and dissolved selenium, sulfate, and 
total alkalinity.

• The field duplicate RPD calculated for cyanide exceeded the control limit for MW-22B. 

Data that were qualified are listed in Table C-5 and discussed in more detail later in this section.
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Data Verification Process. Data validation was performed using procedures outlined in the USEPA 
Contract Laboratory Program National Functional Guidelines (CLPNFG) for Inorganic (USEPA 
2017a) and Organic (USEPA 2017b) Superfund Data Review. Where specific guidance was not 
available, the data were evaluated using professional experience and in a manner consistent 
with industry standards. The results of the data verification are summarized in the following tables:

• Table C-l, Summary of Groundwater Samples
• Table C-2, Sample Data Summary
• Table C-3, Elolding Time Summary
• Table C-4, Field Duplicate Data Summary
• Table C-5, Qualified Data Summary

All holding times, reporting limits, accuracy, precision, and representativeness criteria were met, 
with the following exceptions.

• Sodium was detected in two method blanks associated with 12 samples collected in 
September. The sodium results for seven samples were qualified with a “J+1’ flag to 
indicate that the analyte was potentially biased high.

• Three method blanks had sodium, total dissolved solids, or calcium detected at 
concentrations greater than the reporting limits. Reported concentrations in the 14 
associated groundwater samples were greater than ten-times the method blank 
concentrations and were not qualified.

• The MS/MSD percent recoveries for mercury were below the lower acceptance 
criterion in matrix spikes performed on groundwater samples collected from MW-23 in 
August and September. Mercury was qualified as an estimated non-detect (UJ) for 
both samples to indicate a possible false negative.

• MS percent recoveries were below lower acceptance criteria for sulfate and dissolved 
selenium in groundwater samples collected from MW-22A in August. Dissolved 
selenium was qualified as an estimated non-detected (UJ) and sulfate as a potentially 
biased low detection (J-) in the parent sample.

• MS/MSD recoveries and/or RPDs were outside laboratory-established control limits for 
total alkalinity, total and dissolved selenium, perchlorate, and cyanide in groundwater 
samples collected from MW-21 in Augusf. Matrix spike recoveries indicated a potential 
positive bias for total alkalinity and perchlorate. Total alkalinity was qualified as 
estimated with a high bias (J+), perchlorate was non-detect and therefore was not 
qualified. MS/MSD percent recoveries were less than the lower control limit for the 
remaining constituents. Cyanide was qualified as estimated with a low bias (J-), total 
and dissolved selenium were qualified as estimated non-detects (UJ).

• The MS percent recovery was less than the lower control limit for total selenium in the 
groundwater sample collected from MW-21 in September. Total selenium was 
qualified as an estimated non-detect (UJ), indicating a potential false negative.

2
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• MS and/or MSD percent recoveries were greater than the upper control limit for nitrite, 
nitrite as nitrogen (-N), and sulfate in samples collected from MW-23 and MW-13B in 
September. Detected sulfate results were qualified as estimated with a positive bias 
(J+) in both samples. The matrix spike recoveries for nitrite and nitrite-N were above 
the upper acceptance criterion, indicating a potentially high bias. Results in the 
parent sample were not qualified because both nitrite results were non-detect.

• The reporting limit requirements were met for all samples except those requiring dilution 
due to high concentrations or interference from non-target compounds. Associated 
reporting limits were elevated by the dilution factor.

Conclusions. Based on the results of the data verification, the data are considered precise, 
accurate, and representative. Sampling completeness for this project is 100 percent, and 
analytical completeness for this sampling round is 100 percent, which meets the completeness 
goal of 85 percent.
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TABLE C-4
FIELD DUPLICATE DATA SUMMARY

GROUNDWATER AND SURFACE WATER SAMPLING, AUGUST/SEPTEMBER 2017 
US MAGNESIUM FACILITY, ROWLEY, UTAH 

(Page 1 of 2)

Location Identification 
Field Sample Identification 

Sample Type 
Date Collected

Analyte (Units)

MW-22B
MW-22B
Normal

9/13/2017

MW-22B Dup 
MW-22B-D

Field Duplicate 
9/13/2017

Chemistry Parameters
Alkalinity, Total (as CaC03) (mg/L) 380 360
Bromide (mg/L) <100 D <100 D

Chloride (as Cl) (mg/L) 57000 D 60000 D
Cyanide (|jg/L) 190 DJ 100 DJ
Fluoride (mg/L) <100 D <100 D

Nitrate Ion (mg/L) <100 D <100 D

Nitrite Ion (mg/L) <100 D <100 D

Nitrogen, Nitrate (as N) (mg/L) <23 D <23 D

Nitrogen, Nitrite (mg/L) <31 D <31 D

Perchlorate (mq/L) <2 D 1.5 FD
Phosphate-P (mg/L) <33 D <33 D

Phosphorus, Total (as P) (mg/L) <100 D <100 D
Sultate (as S04) (mg/L) 5600 D 5700 D
Total dissolved solids (mg/L) 110000 110000

Metals Total Total
Aluminum (mq/L) <1000 <1000

Antimony (|jg/L) <100 <100

Arsenic (pg/L) <50 <50

Barium (pg/L) <250 <250

Cadmium (mq/L) <50 <50

Calcium (mg/L) 708 D 698 D
Chromium, Total (pg/L) <100 <100

Cobalt (Mg/L) <50 <50

Copper (Mg/L) <100 <100

Chromium, Ltexavalent -- --
Iron (Mg/L) 2500 <2500

Lead (Mg/L) <50 <50

Magnesium (mg/L) 2400 D 2360 D
Manganese (Mg/L) <50 <50

Mercury (Mg/L) <0.1 <0.1

Molybdenum (Mg/L) <100 <100

Nickel (Mg/L) <50 <50

Potassium (mg/L) 1970 D 1960 D
Selenium (Mg/L) <250 <250



TABLE C-4
FIELD DUPLICATE DATA SUMMARY

GROUNDWATER AND SURFACE WATER SAMPLING, AUGUST/SEPTEMBER 2017 
US MAGNESIUM FACILITY, ROWLEY, UTAH 

(Page 2 of 2)

Location Identification 
Field Sample Identification 

Sample Type 
Date Collected

Analyte (Units)

MW-22B
MW-22B
Normal

9/13/2017

MW-22B Dup
MW-22B-D 

Field Duplicate 
9/13/2017

Silver (|jg/L) <50 <50

Sodium (mg/L) 35200 D 33100 D
Thallium (pg/L) <50 <50

Vanadium (pg/L) <100 <100

Zinc (|jg/L) <100 <100

pg/L micrograms per liter

mg/L milligrams per liter

Bold Bolded result indicates positively identified compound

D Sample dilution required for analysis; reported values reflect the dilution

Analyte was positively identified but the reported concentration is estimated; 

F 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
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Stantec

DATA VERIFICATION
GROUNDWATER AND SURFACE WATER SAMPLING 

NOVEMBER 2017

Introduction. Groundwater samples were collected as listed in Table C-6 at the US Magnesium 
Rowley Facility November 1st and 2nd 2017 and November 20, 2017. A summary of the analytical 

data is presented in Table C-7. The following paragraphs summarize the results of the data 

validation.

Sampling Procedures. All groundwater samples were collected as scheduled and in accordance 
with the US Magnesium Groundwater Discharge Permit Application Preparation - Field Data 
Collection Work Plan (Stantec, 2017).

Analytical Procedures and Detection Limits. All samples were analyzed in accordance with the 
methodology, detection limits, and quality control (QC) criteria in the appropriate United States 
Environmental Protection Agency (USEPA) methods and laboratory Standard Operating 
Procedures. ALS Laboratory, located in Salt Lake City, Utah, provided the analytical services.

Holding times were evaluated and are presented in Table C-8. All holding times met method 

criteria.

One field duplicate sample was collected at monitoring well MW-22B. A summary of the field 
duplicate results as compared with the normal sample results is presented in Table C-9. 
Requested matrix spike/matrix spike duplicate (MS/MSD) analyses were performed on MW-13. 
Additional MS/MSD analyses were performed MW-23 and Flume for laboratory batch QC.

The following occurred during sample analysis resulting in flagged or qualified data; however, 
there was no impact to data usability:

• Dilutions were required during the analysis of anions, perchlorate, cyanide, and metals 
due to matrix interference or high concentrations of one or more constituents. The 
affected sample results are flagged with a “D” to indicate sample dilution in Table C-7.

• Sodium was detected one method blank associated with samples collected 
November 1,2017.

Data that were qualified are listed in Table C-10 and discussed in more detail later in this section.

Data Verification Process. Data validation was performed using procedures outlined in the USEPA 
Contract Laboratory Program National Functional Guidelines (CLPNFG) for Inorganic Superfund 
Data Review (USEPA 2017). Where specific guidance was not available, the data were evaluated 
using professional experience and in a manner consistent with industry standards. The results of 
the data verification are summarized in the following tables:

• Table C-6, Summary of Groundwater Samples



Stantec

• Table C-7, Sample Data Summary
• Table C-8, Holding Time Summary
• Table C-9, Field Duplicate Data Summary
• Table C-10, Qualified Data Summary

All holding times, reporting limits, accuracy, precision, and representativeness criteria were met, 
with the following exceptions.

• Sodium and magnesium were detected in one method blank associated with eight 
samples collected November 1,2017. Sodium results in four samples were qualified 
with a “J+" flag to indicate that the analyte was potentially biased high. Magnesium 
was detected in the associated samples at concentrations that were greater than 
ten-times the method blank concentrations and were not qualified.

• The reporting limit requirements were met for all samples except those requiring dilution 
due to high concentrations or interference from non-farget compounds. Associated 
reporting limits were elevated by the dilution factor.

Conclusions. Based on the results of the data verification, the data are considered precise, 
accurate, and representative. Sampling completeness for this project is 100 percent, and 
analytical completeness for this sampling round is 100 percent, which meets the completeness 
goal of 85 percent.

References.

Stantec, 2017. US Magnesium Groundwater Discharge Permit Application Preparation - Field
Data Collection Work Plan. March.

USEPA, 2017 - CLPNFG for Inorganics Superfund Methods Data Review. EPA-540/R-2017-001.
Office of Superfund Remediation and Technology Innovation United States
Environmental Protection Agency. Washington, D.C. January.
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TABLE C-8
HOLDING TIME SUMMARY

GROUNDWATER AND SURFACE WATER SAMPLING, NOVEMBER 2017 
US MAGNESIUM FACILITY, ROWLEY, UTAH 

(Page 1 of 2)

Location

Identification

Field

Identification

Sample

Date

Sample

Time

Analysis

Code

Analysis

Date

Analysis

Time

Analysis

Holding

Time

(Days)

Method

Holding

Time

(Days)

FLUME FLUME 20-Nov-l 7 1130 El 60.1 20-Nov-l 7 1330 0 7
E300.0 21-Nov-17 1818 1 2
E300.0 21-Nov-17 1728 1 2

SW6010C 5-Dec-l 7 1223 5 180
SW6010C 5-Dec-l 7 1200 5 180
SW6010C 5-Dec-l 7 1226 5 180
SW6020A 28-Nov-l 7 1454 1 180
SW7470A 4-Dec-l 7 1355 0 28
SW9012A 30-Nov-l 7 1703 10 14

MW-13B IMW-13B | 2-Nov-l 7| 1235 El 60.1 9-Nov-l 7 1405 7 7
E300.0 3-Nov-l 7 1429 1 2
E310.1 1 6-Nov-l 7 900 14 14

SW6010C 15-Nov-l 7 1052 1 180
SW6020A 14-Nov-l 7 1914 1 180
SW6850 6-Nov-l 7 1543 0 28

SW7470A 6-Nov-l 7 1521 0 28
SW9012A 10-Nov-l 7 1613 8 14

MW-15B IMW-15B | 2-Nov-l 7| 1100 El 60.1 9-Nov-l 7 1405 7 7
E300.0 3-Nov-l 7 1355 1 2
E300.0 6-Nov-l 7 1452 4 2
E310.1 16-Nov-l 7 900 14 14

SW6010C 15-Nov-l 7 1046 1 180
SW6020A 14-Nov-l 7 1855 1 180
SW6850 6-Nov-l 7 1516 0 28

SW7470A 6-Nov-l 7 1516 0 28
SW9012A 10-Nov-l 7 1612 8 14

MW-21 |MW-21 1-Nov-171 1725 El 60.1 8-Nov-17 1110 7 7
E300.0 2-Nov-l 7 1951 1 2
E300.0 3-Nov-l 7 1751 2 2
E310.1 14-Nov-l 7 1446 13 14

SW6010C 6-Nov-l 7 1356 3 180
SW6010C 6-Nov-l 7 1440 3 180
SW6020A 14-Nov-l 7 1852 1 180
SW6850 6-Nov-l 7 1436 0 28

SW7470A 14-Nov-l 7 1356 0 28
SW9012A 13-Nov-l 7 1335 12 14

MW-22 A IMW-22A | 1-Nov-171 1500 El 60.1 8-Nov-l 7 1110 7 7
E300.0 2-Nov-l 7 1917 1 2
E300.0 3-Nov-l 7 1734 2 2
E310.1 14-Nov-l 7 1446 13 14

SW6010C 6-Nov-l 7 1437 3 180
SW6010C 6-Nov-l 7 1351 3 180
SW6020A 14-Nov-l 7 1844 1 180
SW6850 6-Nov-l 7 1409 0 28

SW7470A 14-Nov-l 7 1351 0 28
SW9012A 13-Nov-l 7 1335 12 14

MW-22B IMW-22B >oz

1400 El 60.1 8-Nov-l 7 1110 7 7
E300.0 2-Nov-l 7 1826 1 2
E300.0 3-Nov-l 7 1717 2 2
E310.1 1 4-Nov-l 7 1446 13 14

SW6010C 6-Nov-l 7 1348 3 180
SW6010C 6-Nov-l 7 1434 3 180
SW6020A 14-Nov-l 7 1841 1 180
SW6850 6-Nov-l 7 1355 0 28

SW7470A 14-Nov-l 7 1350 0 28
SW9012A 13-Nov-l 7 1334 12 14



TABLE C-8
HOLDING TIME SUMMARY

GROUNDWATER AND SURFACE WATER SAMPLING, NOVEMBER 2017 
US MAGNESIUM FACILITY, ROWLEY, UTAH 

(Page 2 of 2)

Location

Identification

Field

Identification

Sample

Date

Sample

Time

Analysis

Code

Analysis

Date

Analysis

Time

Analysis

Holding

Time

(Days)

Method

Holding

Time

(Days)

MW-23 MW-23 1-Nov-17 1000 El 60.1 8-Nov-l 7 1110 7 7
E300.0 2-Nov-l 7 1645 1 2
E300.0 3-Nov-l 7 1627 2 2
E310.1 14-Nov-17 1446 13 14

SW6010C 6-Nov-l 7 1431 3 180
SW6010C 6-Nov-l 7 1328 3 180
SW6020A 14-Nov-l 7 1826 1 180
SW6850 6-Nov-l 7 1301 0 28

SW7470A 14-Nov-l 7 1346 0 28
SW9012A 13-Nov-l 7 1330 12 14

PZ-10 IPZ-10 | 1-Nov-171 1315 El 60.1 8-Nov-l 7 1110 7 7
E300.0 2-Nov-l 7 1809 1 2
E310.1 14-Nov-l 7 1446 13 14

SW6010C 6-Nov-l 7 1345 3 180
SW6020A 14-Nov-l 7 1837 1 180
SW6850 6-Nov-l 7 1342 0 28

SW7470A 14-Nov-l 7 1349 0 28
SW9012A 10-Nov-l 7 1608 9 14

PZ-12 |PZ-12 | 1-Nov-171 1205 El 60.1 8-Nov-l 7 1110 7 7
E300.0 2-Nov-l 7 1753 1 2
E310.1 14-Nov-l 7 1446 13 14

SW6010C 6-Nov-l 7 1342 3 180
SW6020A 14-Nov-l 7 1833 1 180
SW6850 6-Nov-l 7 1328 0 28

SW7470A 1 4-Nov-l 7 1348 0 28
SW9012A 10-Nov-l 7 1605 9 14

PZ-13 |PZ-13 ! 1-Nov-171 1105 El 60.1 8-Nov-l 7 11 10 7 7
E300.0 2-Nov-l 7 1736 1 2
E310.1 14-Nov-l 7 1446 13 14

SW6010C 6-Nov-l 7 1339 3 180
SW6020A 14-Nov-l 7 1830 1 180
SW6850 6-Nov-l 7 1315 0 28

SW7470A 14-Nov-l 7 1347 0 28
SW9012A 10-Nov-l 7 1605 9 14

PZ-8 |PZ-8 | 1-Nov-171 1620 El 60.1 8-Nov-l 7 1110 7 7
E300.0 2-Nov-l 7 1934 1 2
E310.1 1 4-Nov-l 7 1446 13 14

SW6010C 6-Nov-l 7 1354 3 180
SW6020A 14-Nov-l 7 1848 1 180
SW6850 6-Nov-l 7 1422 0 28

SW7470A 1 4-Nov-l 7 1352 0 28
SW9012A 10-Nov-l 7 1608 9 14



TABLE C-9
FIELD DUPLICATE DATA SUMMARY

GROUNDWATER AND SURFACE WATER SAMPLING, NOVEMBER 2017 
US MAGNESIUM FACILITY, ROWLEY, UTAH

Location Identification 
Date Collected

Analyte (Units)

MW-15B
11/2/2017

MW-15B Dup 
11/2/2017

Chemistry Parameters
Alkalinity, Total (as CaC03) (mg/L) 470 400
Bromide (mg/L) <100 D 100 D
Chloride (as Cl) (mg/L) 59000 D 59000 D
Cyanide (mq/L) <10 <10
Fluoride (mg/L) <100 D <100 D
Nitrate Ion (mg/L) <100 D <100 D
Nitrite Ion (mg/L) <100 D <100 D
Nitrogen, Nitrate (as N) (mg/L) <23 D <23 D
Nitrogen, Nitrite (mg/L) <31 D <31 D
Perchlorate (|jg/L) <5 D <5 D
Phosphate-P (mg/L) <33 D <33 D
Phosphorus, Total (as P) (mg/L) <100 D <100 D
Sulfate (asS04) (mg/L) 840 D 890 D
Total dissolved solids (mg/L) 64000 63000

Metals
Aluminum (|jg/L) 6100 6100
Antimony (|jg/L) <100 <100
Arsenic (pg/L) 95 96
Barium (pg/L) 820 830
Cadmium (pg/L) <50 <50
Calcium (mg/L) 14000 D 15000 D
Chromium, Total (pg/L) <100 <100
Cobalt (pg/L) 190 190
Copper (pg/L) <100 <100
Iron (pg/L) 310000 310000
Lead (pg/L) 60 63
Magnesium (mg/L) 7800 D 8200 D
Manganese (pg/L) 21000 21000
Mercury (pg/L) <0.1 <0.1
Molybdenum (pg/L) <100 <100
Nickel (pg/L) 660 670
Potassium (mg/L) 320 D 340 D
Selenium (pg/L) <250 <250
Silver (pg/L) <50 <50
Sodium (mg/L) 2700 D 2800 D
Thallium (pg/L) <50 <50
Vanadium (pg/L) <100 <100
Zinc (pg/L) 910 930

|jg/L microgroms per liter

mg/L milligrams per liter

Bold Bolded result indicates positively identified compound.

D Sample dilution required for analysis; reported values reflect the dilution.
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US MAGNESIUM WATER-LEVEL MONITORING FIELD SHEET Field Staff:

JUNE 2017. _______________________________________ _

Wfitl ID Dsfo and Jiire Location Desoription,
Bering Depth

(ftM

-Screen 

» Interval (ft

bgs)

: . Ground 

-Elevation (ft . amsi).

Topol 
Casing" 

Elevation 
: (ft sms)

Depth to Water 

Measurement (f 

below TOC) '

L

Comments . -

IF-01 NorUi of Landfill 15.8 5.4-15.4 4219.63 4224.10 2Pc_ fJ
LF-02 North oRamtitfl 13.5 3-13 4221.99 4224.89 8A( (%J)d '’"M ’
LF-03 bh-(Jn North ol LarxtDH 12.1 2-12 4216,92 4220.06 4,73 roc. P
MW-1 bhMtf South of Main Gala 77 58-68 4223.33 4223.33 — JkPit firT'pfrJrt

MW-2 oMn West of Facility 72.5 57,5-67.5 4224.26 4226.68 roc.p
MW-3 Main Dilcfi 17 5-15 4221.44 4223.97

m i-
MW-4A

/3o5
Main Ditch 15 4-14 4221.47 4224.03 775

1

Toe P
MW-4B tluln noj

Main Ditch 35 22.5-32.5 4221.53 4224.10 ?, fig, TOC W
MW-SA Mo M Main DHch 20 8-18 4223.86 4226.48 16 Toe O
MW-5B bhdrt irA Main Otch 38 27-37 4224,19 4226.80 10

f
TOc, fJ>

MW-6 ehiln ftAt South of Gypsum Pile 20 7-17 4222.98 4225.77 9.<54 TDCjJ
MW-7 Mn iw\ South of Gypsum Pile 20 7.5-17.5 4224.46 4227.05 The A
MW-SA Ml O'^ Main Ditch 23 .6-21 4222.62 ^.70 TQC} k)
MW-8B bfrMa \^n Main Ditch 38 27-37 4222.44 - 7.75 TOC, kJ
MW-9 Northern Sank of OWP 95 59-69 4211.29 4213.87 ^ .OS'
MW-10 mo NE Comer of OWP 80 68-78 4210.61 4213.20 iO^h-
MW-11 NE of OWP 15 3-13 4204.02

• r iVro 0.5
MW-12 NE of OWP 15 3-13 4203.57 ,■ - — CcA^ S fOaf ht- COzAS
MW-13A 004- (OffY NEofCWP 11.04 2.5-7S 4221.96 . 4221.96 <1,19
MW-13B eM joo^ NEofCWP 21.34 9-19 4221.68 4221.88 fXkcwoCilctUetfivp ■jjfUok fS>kv pVL
MW-M sfyj-Jn \W> NEofCWP 18.86 5-15 4219.6 4219.6 7.7-1 W- 0
MW-ISA ^iblniLM Easlof CWPonDike 10.98 2-7 4220.98 4220.98 Vb j— j j-- -  -------------------------------------------------------- ■—7-r

TDc 47
MW-15B —^Mn East of CWP on Dike 21.08 9-19 4220.71 4220.71

MW-16 Gypsum Fife 0 3.5-1.5 NA —- m l^crf
MW-17 (tJultr West of CWP 21.1 7-17 4219.78 4219.78 501 Toy (

Mw-ia
trt 1fyfz&til West of Facility 24.38 12-22 4229.29 4229.29

4.4? ( t) {AC,
MW-19A r ibin In West of CWP 19.48 7-17 4218.51 4218.51

MW-fBS (Ju 0 West of CWP 35.9 23-33 4218.35 4218.35 ' lUo Ta?€£>
MW-20A qItC'Ii)}^ SE of Facility 20.24 12-17 ' 4227.83 4227.83 13-^

MW-20B 'shdim' S£ of Facility 32.26 19-29 . 4228.14 4228.14
15 7 f ■t>6, P

PZ-01 r 1 v--- 1....Mo SE of Facility 19.5 9.17-19.17 4220,96 4224.06 1^5 jDCjJ
PZ-02 So-Located wilh MW T 16.3 8-16 4220.64 4223.70

—-----------------

A/ lM Locks*]
PZ-03 Mh \<i\ (So-Located w'th MW-2 20.5 10-20 4223.68 4226.47 Ta c, a J J
PZ-04 o/Mn M/Vest of Facility Co- 

.ocaled with PZ-27 & 28

17 6.5-16,5 4220.65 4224.40 Cj.l'l Toe . t teA
PZ-05 (s>\ j f(forth Embankment ot

JWP
14 3.5-13.5 4211 4214.46

T-------------------- r x ^ ------—----------------------------------------------------------------

PZ-06 Ml\Vt>D itE Comer of OWP 14 3.5-13.5 4210.54 4214.22 /o,«o Ic’.p PVC



Field Staff:US MAGNESIUM WATER-LEVEL MONITORING FIELD SHEET 

JUNE 2017

Well ID Dale and Tima Location Description

Boring Depth 

(It bgs)

Screen 

Interval (ft 

bgs)

Ground 

Elevation (ft 

amsl)

Topol 

Casing 

Elevation 

(ft amsl)

Depth to Waler 

Measured enl (ft 

below TOC) Comments

PZ-07 East side of OWP 14 3.5*13.5 4205.36 4212.33

PZ-03 Between OWP and CWP 15 3.5-13.5 4215.9 4218,71

PZ-10 Between OWP and CWP 15 4-14 4215.99 4218.72

PZ-11 ihbln IW, Between OWP and CWP 15 4-14 4215.46 421827

PZ-12 bhi’ln ihh BeUveen OWP and CWP 15 4-14 4216.64 4219.23 8 .7*1

PZ-13 <'hHn \(*w Between OWP and CWP 18 7.5-17,5 4217.63 4220.50 I0.&3 JTOC , iP

PZ-14 ihbln yn SE Coiner ol CWP 15 4.5-14.5 4216.83 4219.94 TOC ' U

PZ-16 bilk In SE Comer of CWP 15 4-14 4215.55 4218.-14 OWA rht

PZ-18 fain Southern Side of CWP 17 3.25-13.25 4215.28 4217.96 (f) oQJ j\ )f;yl (\ f
PZ-20 West of CWP 15 3-13 4216.58 -

----- Qn»)! ih^' loc\*n
PZ-22 ihbln ih6 West ol CWP 15 3-13 4217.44 - S.% ngn kj________________________________________

PZ-24 yhd( 11 htn West ol CWP along Main 

Ditch
15 3-13 4256.82

- TOo. n

PZ-26 bfafaiosi Between OWP and CWP 15 3.5-13.5 4218.26 4220.85 6. 7T, >7

PZ-27 (?hb!n (Ziy
West ol Facility Co- 

Located with PZ-4 & 28
17 6.5-16.5 4221.09 4223.57 T^c.. Ib/W KjJeAl

PZ-28 Mo W¥\ West ot Facility Co- 

Located with PZ-4 & 27
77 65-75 4221.02 4223.52 HtO l)

PZ-29 ^4/f> (7tt>0 NE Comer ol OWP 17 5.5-15.5 4211.15 4213.99 ll
* u J

PZ-30 olm NE Comer of OWP 17 5.5-15.5 4210.61 4213.39 70. >7

Se-PJM— SE Comer ot OWP - 5-10 4212.67
—•*

SWM— ----- -------- SE Comer of OWP’ —— 2-7 4210.9

PMW-tD htvMl l^> West of Faeilrty
"

30-40 4234.88 \t,:n Tor 0

PMW-1S West ol Facility - 15-25 4234.87 !'/. 6/ i
W. L 1

MW-21' East Dike ol CWP (near PZ-8)
TBD TBD TBD 1,M0'

MW-22A' yuo \o so East Dike ot CWP (near 

PZ-10)
T8D TBO TBD (e.lS

MW-22B'
East Dike ol CWP (near 

PZ-tO)
TBD TBD TBD

MW-23' fain iUjl
East Dike ol CWP (near 

PZ-13)
TBD TBD TBD tOo,<b 'TO^v K)

34W--------- —-------------
West ol Facility (8LM ^ . 

Well)
— 284 — • 174-284 ---- ----------—---------------

i "....... ..

34950
West ol Facility (BLM

Well)
70 50-70

“
438726

West of Facility (BLM

Well)
109 -

35129
West ot Facility (BLM

Weil)
323 170-200 4305

35092
West o) Facility (BLM

Well)
274 173-274 4365

bgs - beiow ground surfaca

amsi - above mean sea level

TBO - to be deiennined

CVVP - Currenl waste ponds

OWP-Old waste pond

BUI • Bureau of Land Management

f - Proposed well (not drilled}



US MAGNESIUM WATER-LEVEL MONITORING FIELD SHEET
SEPTEMBER 2017

1 Well ID Dale and Time Location Description

Boring 
Depth 

(ft bgs)

Screen 
Interval (ft 

bgs)

Ground 
Elevation 
(ft amsl)

Top of 
Casing 

Elevation 

(ft amsl)

Depth to Water 
Measurement (ft 

below TOC) Comments

LF-01 North of Landfill 15.8 5.4-15.4 4219.63 4224.10 Ccf/i

North of Landfill 13.5 3-13 4221.99 4224.89

LF-03 North of Landfill 12.1 2-12 4216.92 4220.06 Ca/t teoaiC

South of Main Gale 77 58-68 4223.33 4223.33

MW-2 West of Facility 72.5 57.5-67.5 4224.26 4226.88
^ 1/1 T o c,, E2r /

MW-3 Main Ditch 17 5-15 4221.44 4223.97

MW-4A Main Ditch 15 4-14 4221.47 4224.03

MW-48 Main Ditch 35 22.5-32.5 4221.53 4224.10

tA i

MW-5A Main Ditch 20 8-18 4223.86 4226.48

MW-5B Main Ditch 38 27-37 4224.19 4226.80 iOtTO

MW-6 South of Gypsum Pile 20 7-17 4222.98 4225.77

MW-7 South of Gypsum Pile 20 7.5-17.5 4224.46 4227.05

MW-8A Main Ditch 23 6-21 4222.62 -
io,z5~

MW-8B Main Ditch 38 27-37 4222.44 -

MW-9 Northern Bank of OWP 95 59-69 4211.29 4213.87 S *0ih

MW-10 NE Comer of OWP 80 68-78 4210.61 4213.20 ihdi
; Mw-ii ^ NE of OWP 15 3-13 4204.02 - 7,0 a
^ MW-ja^

NE of OWP 15 3-13 4203.57 -
am Id rt-Gf i o re? / ^

MW-13A NE ofCWP 11.04 2.5-7.S 4221.96 4221.96 lo.nrf-

MW-13B NEofCWP 21.34 9-19 4221.88 4221.88

MW-14 NE ofCWP 18.86 5-15 4219.6 4219.6 ?,SM

MW-15A East ofCWP on Dike ' 10.90 2-7 4220.98 4220.98

| VW-15B East of CWP on Dike 21.08 9-19 4220.71 4220.71 1.5 <4

Gypsum Pile 0 0.5-1.5 - NA

MW-17 West of CWP 21.1 7-17 4219.78 4219.78 5, m
• MVV-tO^7 West of Facility 24.38 12-22 4229.29 4229.29

- MVWl9A'^| West of CWP 19.48 7-17 4218.51 4218.51
iu U

-MWSWS^

West of CWP 35.9 23-33 4218.35 4218.35
/A

MW-20A SE of Facility 20.24 12-17 4227.83 4227.83

MW-20B SE of Facility 32.26 19-29 4228.14 4228.14
TtfTTT

PZ-01 SE of Facility 19.5 9.17-19.17 4220.96 4 224.06
llTR

’PZ^P” Co-Located with MW-1 16.3 8-16 4220.64 4223.70
Zi l I Krofr-fiy

PZ-03 Co-Located with MW-2 20.5 10-20 4223.68 4226.47 1 1/51 Tot, U 11 y

PZ-04

West of Facility Co-Located with PZ- 
27 & 28 17 6.5-16.5 4220.65 4224.40

PZ-05 North Embankment of OWP 14 3.5-13.5 4211 4214.46 5,Oi
PZ-06 NE Corner of OWP 14 3.5-13.5 4210.54 4214.22 n,tA
PZ-07 East side of OWP 14 3.5-13.5 4205.36 4212.33

PZ-08 Between OWP and CWP 15 3.5-13.5 4215.9 4218.71 7.00
PZ-10 Between OWP and CWP 15 4-14 4215.99 4218.72

PZ-11 Between OWP and CWP 15 4-14 4215.46 4218.27 bM

PZ-12 Between OWP and CWP 15 4-14 4216.64 4219.23
H.03

PZ-13 Between OWP and CWP 18 7.5-17.5 4217.63 4220.50

PZ-14 SE Corner of CWP 15 4.5-14.5 4216.83 4219.94
5^77

0<r\ SE Corner of CWP 15 4-14 4215.55 4218.44

Southern Side of CWP 17 3.25-13.25 4215.28 4217.96
(o,ic\

iPZJQ-J
West of CWP 15 3-13 4216.58 -

PZ-22 West of CWP 15 3-13 4217.44 -

PZ-24 West of CWP along Main Ditch 15 3-13 4216.82 -

PZ-26
D

3etween OWP and CWP 15 3.5-13.5 4218.26 4220.85 7
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:

Well ID Date and Time Location Description

Boring 
Depth 

(ft bgs)

Screen 
Interval (ft 

bgs)

Ground
Elevation
(flamsl)

Top of 
Casing 

Elevation 
(ft amsl)

Depth to Water 
Measurement (ft 

below TOC) Comments

PZ-27

West of Facility Co-Located with PZ- 
4 & 28 17 6.5-16.5 4221.09 4223.57

~M!I

PZ-28

West of Facility Co-Located with PZ- 
4 & 27 77 65-75 4221.02 4223.52

PZ-29 N£ Corner of OWP 17 5.6-15.5 4211.15 4213.99 l2.fiiH
PZ-30 NE Corner of OWP 17 5.5-15.5 4210.61 4213.39

SC-PZ'1 ~-s

____
SE Comer of OWP .. 5-10 4212.67

SC-PZ-2 SE Corner of OWP 2-7 4210.9

PMW-1D West of Facility _ 30-40 4234.88 177<3J7M
PMW-1S West of Facility 15-25 4234.87

MW-211 East Dike of CWP (near PZ-8) 60.5 40-60 4215.5 4218.8
fa.S'?

MW-22 A1 East Dike of CWP (near PZ-1Q) 35 24-34 4215.69 4218.32 /AAT-
MW-22B' East Dike of CWP (near PZ-10) 65.2 54-64 4215.68 4218.15

MW-23' East Dike of CWP (near PZ-13) 67.3 56-66 4216.98 4219.58
io.S'K

_____________Jt________________________ _______________ i

34911
>}

West of Facility (BLM Weil) 284 174-284 _
iwr KJ/X- nVJr/ito'tld bottom

34950 West of Facility (BLM Welt) 70 50-70 0,^ H
438726 West of Facility (BLM Wei!) 109 „ .. m/A , W/A-
35129 West of Facllily (BLM Well) 323 170-200 4305

35092

T?
N/MN West of Facility (BLM Well) 274 173-274 4365

bgs - below ground surface 

ams! - above mean sea level 

TBO - to be determined

CWP - Current waste ponds 

OWP - Old waste pond 

BLM - Bureau of Land Management 

1 - Proposed well (not drilled)



US MAGNESIUM WATER-LEVEL MONITORING FIELD SHEET Field Stall: Jake TrauscM
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Wall ID Dale and Time Location Description

Boring Dept! 

(Hbgs)

Screen 

i Interval (ft 

bgs)

Ground 

Elevation (ft 

amsl)

Topol 

Casing 

Elevation 

(ft amsl)

Depth to Water 

Measurement (ft 

below TOC) Comments

LF-01 9/1212047 J2.-| -1 ^ North of Landlill 15.8 5.4-15.4 4219.63 4224.10

LF-02 9Mff2017 North of Landfill 13.5 3-13 4221.99 4224.89

LF-03 mmmr North of Landfill 12.1 2-12 4216.92 4220,06

MW-1 044212017 South ol Main Gale 77 56-68 4223.33 4223.33

MW-2 9/42/2017 V/esI of Facility 72.5 57.5-67.5 4224.26 4226.88

MW-3 9/42/2047 Main Ditch 17 5-15 4221.44 4223.97

MW-4A 9/1*2047 Main Ditch 15 4-14 4221.47 4224.03 %0<\
MW-4B 9/42/2047 Main Ditch 35 22.5-32.5 4221.53 4224.10

MW-5A

arnzftMTi
Main Ditch 20 8-18 4223.86 4226.48 i o. 7o

MW-5B Main Ditch 33 27-37 4224.19 4226.80 10,bO
MW-6 mtmi I South of Gypsum Pile 20 7-17 4222.98 4225.77

MW-7 9/42/2047 South of Gypsum Pile 20 7.5-17.5 4224.46 4227.05
to/ro

MW-8A ymtm Main Ditch 23 6-21 4222.62 4225.62 >0,0 i
MW-8B 9/42/2047 Main Ditch 38 27-37 4222.44 4225.22 9,6 1
MW-9 942/20^7 Northern Bank of 0WP 95 59-69 4211.29 4213.87 b/i 3
MW-10 9/42/2047 NE Corner of OWP 80 68-78 4210.61 4213.20 II,/2/
MW-11 9/12/2017 NEofOWP 15 3-13 4204.02 4206.75 dystf'Z*
MW-12 9/12/2017 NE of OWP 15 3-J3 4203.57 4206.28 ?/33
MW-13A 9/1*2017 NEofCWP 11.04 2.5-7.S 4221.96 4221.96 W
MW-13B 9/42/2017 NEofCWP 21.34 9-19 4221.88 4221.88 9,lb
MW-14 9/12/2077 NEofCWP 18.86 5-15 4219.6 4219.6 6,99
MW-15A 9/1*2017 Easl of CWP on Dike 10.98 2-7 4220.98 4220.98 'W
MW-1 SB 9/42/2017 East olCWP on Dike 21.08 9-19 4220.71 4220.71 7/3
MW-16 9/12/2047 Gypsum Pile 0 0.5-1.5 NA

MW-17 9/12/2017 West olCWP 21.1 7-17 4219.78 4219.78 4/3?
MW-18 9/4*2047 Wes! ol Facility 24.38 12-22 4229.29 4229.29

MW-19A

9/4*2047 ' West of CWP 19.48 7-17 4218.51 4218.51 3/^
MW-19B 9/42/2017 Wesl of CWP 35.9 23-33 4218.35 4218.35 o/l J&
MW-20A 9/4*2017 SEol Facility 20.24 12-17 4227.83 4227.83 137/1
MW-208 *12/2047 SE of Facility 32.26 19-29 4228.14 4228.14 14,12-
PZ-01 97I2/2017 SE of Facility 19.5 9.17-19,17 4220.96 4224.06 167 7
PZ-02 9/1*2017 Co-Located with MW-1 16.3 8-16 4220,64 4223.70

PZ-03 9/1*2017 Co-Located with MW-2 20.5 10-20 4223.66 4226.47 U,^
PZ-04 9/4*2017

West of Facility Co- 

.ocated with PZ-27 & 28
17 6.5-16.5 4220.65 4224.40 9Ms

PZ-05 !3/1*2017
lorth Embankment of

3WP
14 3.5-13.5 4211 4214.46 %GC{

PZ-06 i
3/1*2017 ' / IE Corner of OWP 14 3.5-13.5 4210.54 4214.22 12.13

PZ-07 i
3/4*2017 V/ Iasi side of OWP 14 3.5-13.5 4205.36 4212.33 i£l

GWEIev



US MAGNESIUM WATER-LEVEL MONITORING FIELD SHEET Field Staff: Jake TrauscM

Dbc-17

Well ID Date and Time Location Description

Boring fiepfh 

(ftbgs)

. .Screen 

Interval (ft 

bgs)

Ground 

Elevation (ft 

amsl)

Top of 

Casing 

Elevation 

(ft amsl)

Depth to Water 

Measurement (ft 

below TOC) Comments

PZ-08 9/12/2017 Belween OWP and CWP 15 3.5-13.5 4215.9 4218.71 Gt 46 *

PZ-10 9/12/2017 Between OWP and CWP 15 4-14 4215.99 4218.72

PZ-11 mmm Belween OWP and CWP 15 4-14 4215.46 4218.27

PZ-12 BTraam Belween OWP and CWP 15 4-14 4216.64 4219.23 cl, <) 1

PZ-13 9/12/2017 Between OWP and CWP 18 7.5-17.5 4217.63 4220.50 10, S'*?

PZ-14 9/42/2017 SE Comer ol CWP 15 4.5-14.5 4216.83 4219.94 % 34

PZ-16 9/12/2017 SE Comer of CWP 15 4-14 4215.55 4218.44

PZ-18 9/12/2017 Southern Side of CWP 17 3.25-13.25 4215.28 4217.96 6'M ?

PZ-20 9/12/2017 West ol CWP 15 3-13 4216.58 4216.58 sai
PZ-22 9/12/2017 West of CWP 15 3-43 4217.44 4220.26 6'6 ^

PZ-24 9/42/2017
West ol CWP along Main 

Ditch
15 313 4216,82 4219.53 4r3'/

PZ-26 9/12/2017 Belween OWP and CWP 15 3.5-13.5 4218.26 4220.85

PZ-27 mwm
Wes! of Facility Co­

located wilh PZ-4 & 28
17 6.5-16.5 4221.09 4223.57

PZ-28 9/42/2017
West of Facility Co- 

Located with PZ-4 & 27
77 65-75 4221.02 4223.52

PZ-29 9/12/2017 NE Corner of OWP 17 5.5-15.5 4211.15 4213.99 U,‘io
PZ-30 9712/2017 NE Corner erf OWP 17 5.5-15.5 4210.61 4213.39 ! /,- 34

SC-PZ-1 9/12/2017 SE Corner of OWP 5-10 4212.67

SC-PZ-2 9/42/2017 SE Corner of OWP 2-7 4210.9

PMW-1D 9/12/2017 West ol Facility 3040 4234.88 4234,88

PMW-1S 97T2/20T7 West of Facility 15-25 4234.87 4234.87

MW-21 9/12/2017
Easi Dike ot CWP (near 

PZ-8)
60.5 50-60

4215.50 4218.18 6,in
MW-22A 9/12/2017

Easi Dike of CWP (near 

PZ-10)
35 24-34

4215.69 4218.32

MW-22B SS/raHJiy
Easi Dike of CWP (near 

PZ-10)
65.2 54-64

4215.68 4218.15
Ci,5 i

MW-23 3/122017
East Dike ol CWP (near 

PZ-13)
67.3 56.1-66.1

4216.98 4219.58 to,'/ z.
34911 9/42/2017

West of Facility (BLM

Well)
284 174-284 “

34950 9/12^012
West d Facility (BLM

70 50-70
Well)

43872S 9/4212017
West ot Facility (BLM

Well)
109

35129 9/42/204?
West of Facility (BLM

Well)
323 170-200 4305

35092
9/42/2017 4 ^ ^ Wes! of Facility (BLM

Well)
274 173-274 4365

35212 9/12/20T7 V
West erf FacilSy (Desert 

Power Well)
250 190-250 4335

bgs • below grourri surface 

amsl - above mean sea level 

TBD-labedetemined

CWP - Cwten! waste porefe

OWP-OMvasiepond
BLM - Bureau d land Mamgereenl
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1.0 INTRODUCTION

The state of Utah requires a Groundwater Discharge Permit (GWDP) for facilities that 
may result in discharge of pollutants to groundwater. GWDP requirements include 
implementation of appropriate groundwater discharge control measures to reduce or 
prevent wastewater from entering groundwater. This Groundwater Discharge Control 
Plan fulfills one of the requirements of Part C (Accompanying Reports and Plans) of the 
GWDP application for the US Magnesium facility (Facility) located in Rowley, Utah 
(Figure 1-1).

The Facility processing plant produces a low-pH wastewater stream that is currently 
conveyed to unlined evaporation ponds. An expanded and retrofitted wastewater 
evaporation pond (Retrofitted Waste Pond [RWP]) is proposed for the US Magnesium 
facility (Facility) to meet requirements outlined in Utah Administrative Code (UAC) 
R317-6.

1.1 PURPOSE AND SCOPE

This plan describes the components of US Magnesium’s Current Waste Pond (CWP) as 
well as upgrades to the discharge control system that will be implemented as part of 
the GWDP for the US Magnesium Rowley production facility (the Facility).

1.2 BACKGROUND

US Magnesium has operated the Facility located in Tooele County along the west shore 
of Great Salt Lake (GSL) since 1972. The Facility is located within the Lakeside Valley, an 
extension of Skull Valley, Utah, and is situated at an elevation of approximately 4,220 
feet above mean sea level (amsl) as shown in Figure 1-1.

The Facility utilizes solar evaporation to produce a concentrated brine from GSL waters 
which is used as a raw material source for magnesium chloride, which is electro- 
chemically processed to produce primary magnesium-metal (approximately 60,000 
metric tons per year), chlorine (approximately 30 million gallons of pure liquid per year) 
as well as other products derived from these primary products (ERM, 2016). The Facility 
currently utilizes an approximately 285-acre wastewater impoundment (the CWP), 
which receives discharges from a series of unlined earthen ditches that combine into 
the main ditch, which conveys water to the CWP (Figure 1 -2). The only other 
wastewater stream, a gypsum based slurry, discharges to the northern end of the CWP 
which, over time, has created a rust-colored gypsum pile.

Adjacent to the US Magnesium Facility are two other industrial facilities: ATI Titanium, 
which is no longer operating (southwest of the Facility) and The Hill Brothers Chemical 
facility, located southeast of the Facility, which produces a variety of chemical 
products for industrial and construction purposes (ERM, 2016) (Figure 1-2).

a> Stantec i



2.0 HISTORICAL FACILITY OPERATIONS

2.1 OLD WASTE POND HISTORICAL OPERATIONS

Prior to using the CWP to store wastewater at the Facility, the Old Waste Pond (OWP), 
located northeast of the CWP, was utilized for wastewater disposal (Figure 1 -2). The 
approximately 800 acre OWP was constructed in the mid-1970s and at that time was 
permitted by the United States Environmental Protection Agency (USEPA) under 
National Pollutant Discharge Elimination System (NPDES) permit UT-000779 as a ‘no 
discharge facility'. A second dike was constructed surrounding the OWP in 1980 in 
response to observed seepage along its eastern dike. This dike formed a channel 
which was filled with brine in order to create a hydraulic barrier to wastewater 
discharges (ERM, 2016).

In April 1984, the OWP was inundated by GSL waters due to rising lake levels and 
wastewater was diverted to a holding area while dike repairs occurred. In June 1984, 
the repaired dike sections were breached and wastewater was diverted to solar 
evaporation pond 1 west, located south of the CWP/OWP, per the facility contingency 
plan (Figure 1 -2)(ERM, 2016).

In June 1985, GSL waters breached the solar pond dike, flooding the Stansbury Bay solar 
evaporation ponds, including solar evaporation Pond 1. Wastewater flows were then 
directed to the CWP, which was developed in low-lying mudflats separated from the 
GSL lakebed (and OWP) by southeast oriented beach ridges. Shortly after this, the OWP 
was completely inundated by GSL waters. The OWP remained inundated in water until 
the early 1990s when the lake level receded and the dikes surrounding the OWP were 
repaired. From the time of the dike repairs to November 2017, US Magnesium did not 
discharge wastewater to the OWP. However, the OWP has occasionally received 
water from the CWP due to seepage through the eastern dike of the CWP and through 
breaches, notably in April 2012 and spring/summer 2015 (ERM, 2016). In November 2017, 
US Magnesium began discharging wastewater to the OWP through a Utah Department 
of Environmental Quality (UDEQ), Division of Water Quality (DWQ) permitted overflow 
pipe from the CWP to the OWP.

2.2 CURRENT WASTE POND HISTORICAL OPERATIONS

The CWP was constructed in June 1985 in response to flooding of the OWP by GSL 
waters. The CWP was developed in a natural low-lying playa separated from the GSL 
and the OWP by southeast trending beach ridges composed primarily of oolite sands 
(ERM, 2016). In October 1986, leakage occurred along the northwestern dike of the 
CWP, discharging wastewater onto BLM property north of the CWP. The dikes 
surrounding the CWP were raised and widened to 30 feet in December 1986 in order to 
protect the CWP from rising GSL levels. In July 1987, the Executive Secretary of the Utah 
Bureau of Water Pollution Control concluded the CWP appeared to meet the

US Magnesium GWDP Control Plan
December 15, 2017
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requirements of the Utah Wastewater Disposal Regulations and approved the CWP 
(ERM, 2016).

Wastewater leaked from the CWP into the OWP through the eastern dike in February 
1989 and February 1990. The cause of the seepage in both areas appeared to 
originate from a borrow channel inside the eastern dike that may have damaged the 
natural clay liner that is located near the surface (ERM, 2016). In response to several 
leakage incidents from the eastern dike of the CWP into the OWP, a high-density 
polyethylene (HOPE) curtain was installed along the eastern dike in the fall of 1998 (ERM, 
2016). The Utah Department of Environmental Quality (UDEQ) did not renew the 
discharge permit in 1999 (ERM, 2016). Since then, the CWP has been the primary 
discharge point for wastewater at the Facility.

3.0 CURRENT FACILITY DISCHARGE CONTROL COMPONENTS

Current discharge control components present at the CWP are comprised of a series of 
dikes that surround the CWP, preventing discharge of surface water into the 
surrounding playa. Portions of the dike along the eastern side of the CWP have been 
reinforced with an HOPE curtain to reduce leakage through the eastern dike. In 
response to a UDEQ Division of Water Quality ‘Warning Letter of Violation’ sent to US 
Magnesium in November 2016, US Magnesium has taken actions to prevent further 
discharges from the Northwestern dike of the CWP. These actions included installation 
of a DWQ-permitted overflow pipe designed to allow flow from the CWP to the OWP at 
an approximate pipe invert elevation of 4214 feet amsl in order to lower water 
elevations within the CWP and prevent discharges from the North embankment (UDEQ, 
2016).

Underlying the CWP are two units of silty clay, a discontinuous shallow unit located 5 to 
10 feet below ground surface (bgs) and a deeper, continuous unit located 
approximately 35 to 55 feet bgs (the Deeper Silty Clay Unit). The Deeper Silty Clay Unit 
acts as a hydraulic barrier separating the shallow aquifer into an upper shallow aquifer 
zone (Upper Aquifer Zone) and lower shallow aquifer zone (Lower Aquifer Zone), 
preventing migration of water from the Upper Aquifer Zone into the Lower Aquifer Zone.

4.0 PLANNED FACILITY IMPROVEMENTS

This section describes facility improvements that US Magnesium has begun or plans to 
implement at the Facility. Refer to Section 5.0 of this plan for proposed groundwater 
discharge control system.

4.1 RCRA CARVE-OUT CLEANUP PROJECT

US Magnesium has begun implementation of the Resource Conservation and Recovery 
Act (RCRA) Carve-out Cleanup Project pursuant to the U.S. Environmental Protection 
Agency (USEPA) Region 8 Administrative Order on Consent (AOC), USEPA RCRA Docket

US Magnesium GWDP Control Plan
December 15, 2017
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No. RCRA-08-2016-0004, effective August 3, 2016. See Appendix A for a detailed 
description of the proposed work plan. The RCRA Carve-Out Project is composed of 
two primary components:

1) Installation of a wastewater discharge piping system to replace the current 
unlined ditches; ditches are to be closed and capped following installation of 
new discharge piping

2) Refurbishment or closure of the sanitary Lagoon located between the Central 
Ditch and the Chlorine Ditch (Figure 1-2).

4.1.1 Wastewater Discharge Piping Installation and Ditch Closure

The existing wastewater ditches at the Facility, which discharge to the CWP, are the 
Western Ditch, Central Ditch, Chlorine Ditch, and the Main Ditch, which collects streams 
from the other three ditches and conveys the combined wastewater discharge to the 
CWP (Figure 1 -2). A portion of the wastewater in these earthen channels likely 
discharge to groundwater and have likely contributed to groundwater mounding 
beneath the Facility (ERM, 2016). In order to address these concerns, US Magnesium 
has agreed to close these unlined ditches and replace them with a series of 
conveyance pipes that will deliver wastewater to the CWP per the EPA AOC (USM, 
2017). Once the piping has been installed and wastewater streams have been 
successfully diverted from the ditches, the ditches will be abandoned and 
contaminated sediments will be consolidated as backfill to fill the ditches. The ditches 
will then be capped with a minimum 2-feet thick cover of clean clayey-soils installed 
over the contaminated soils and sediments. US Magnesium has implemented a soil 
vapor assessment in the RCRA Carve-Out Cleanup Project area and, if necessary, will 
propose a vapor mitigation system (Appendix A).

4.1.2 Sanitary Lagoon Refurbishment or Capping

The sanitary lagoon, located between the Central Ditch and the Chlorine Ditch (Figure 
1 -2), will be refurbished to remain in operation. Further details regarding refurbishment 
will be determined once the corrective measures design has been completed
(Appendix A).

4.2 WASTEWATER TREATMENT PLANT

US Magnesium has committed to construct a wastewater treatment plant (Filtration 
Plant) at the Facility to remove organic constituents from Facility wastewater prior to 
discharging to the RWP. Details of the Filtration Plant will be determined during final 
design; however, it is not expected to alter the pPI or general water quality (i.e. TDS, 
total metals) of the water discharging to the RWP.
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5.0 PROPOSED GROUNDWATER DISCHARGE CONTROL 
SYSTEM

The current discharge control components of the CWP have been deemed 
inadequate by the DWQ. In response, US Magnesium has undertaken an extensive 
study of potential solutions to prevent continued discharge of wastewater into the 
Upper Aquifer Zone underlying the Facility (see the Hydrogeologic Report for a detailed 
description of geology and hydrogeology beneath the Facility).

The following sections describe the components of the proposed discharge control 
system as well as completed, on-going, and future investigations and studies to support 
the design. The two primary design drivers for sizing the retrofitted waste pond (RWP) 
(footprint and height of dikes) are:

• The evaporative and storage area is great enough to offset wastewater inflows, 
and

• Maintain freeboard of at least 2-feet (24 inches) per UAC R649-9.

The control system described in this document is a conceptual level design and 
therefore details of the system are subject to change during the detailed design. The 
detailed design process will ensure all local, state and federal regulations are met, 
notably UAC R649-9 which governs waste management and disposal.

The proposed RWP described in this document is based on the current Main Ditch flows 
to the CWP. US Magnesium is reviewing these flow data with the purpose of 
determining methods to potentially reduce the volume of wastewater reporting to the 
waste pond. The intent of reducing flows to the waste pond would be to reduce the 
required footprint of the proposed RWP.

5.1 PROPOSED POND DESIGN

US Magnesium proposes to construct the RWP by expanding the size of the CWP and 
implementing modifications that will reduce the potential for migration of impacted 
groundwater in the Upper Aquifer Zone beyond the proposed footprint of the RWP. 
Conceptual engineering drawings are shown in Figures 5-1,5-2, and 5-3 and an 
outline-level Construction Quality Assurance/Quality Control Plan for construction of the 
proposed discharge control system is included in Appendix B.

5.1.1 Location and Description

US Magnesium plans to continue utilizing the CWP as part of the proposed RWP. Once 
the proposed modifications to the CWP are implemented and flows in the Upper 
Aquifer Zone are contained, evaporation will provide the only outlet for wastewater.

A water balance model for the Facility indicates the current evaporative area of the 
CWP is not sufficient to manage the future anticipated discharge flows. The CWP has

US Magnesium GWDP Control Plan
December 15, 2017
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an approximate evaporative area of 285 acres at a normal pond water elevation of 
4214 feet amsl. However, the water balance model indicates that an evaporative area 
of approximately 800 acres is required to achieve a water balance based on current 
and anticipated future inflows. Therefore, US Magnesium proposes to expand the CWP 
eastward into a portion of the OWP to achieve sufficient evaporative area in the RWP 
(Figure 5-1}. Given that the OWP was the original receiving body for plant discharges 
prior to June 1986, the soils within the OWP footprint have already been impacted by 
Facility discharges. Additionally, the CWP is currently discharging to the OWP via the 
DWQ-permitted overflow pipe (refer to Section 3.0). Given that the evaporative area 
needed to achieve a water balance is greater than what is available within the CWP 
footprint, it was deemed prudent to achieve the required evaporative area in the RWP 
by expanding into the previously impacted OWP. The proposed RWP would utilize 
approximately 600 acres of the OWP. Wastewater flow would be discharged from the 
CWP using the existing overflow pipe or via an engineered spillway if deemed 
beneficial during the detailed design process (Figure 5-3). The current dike separating 
the CWP from the OWP would remain and would potentially be under water during 
high pond levels (Figure 5-3).

5.1.2 Containment Method

US Magnesium proposes to reduce the potential for migration of impacted 
groundwater in the Upper Aquifer Zone from outside the RWP footprint by installing a 
hydraulic barrier wall (barrier wall). The barrier wall will be a slurry wall installed through 
the eastern, southern and northern dikes as shown on Figure 5-1. As part of the design, 
the existing dikes will be raised and some new sections of embankment will be 
constructed from compacted earthen fill (see Figures 5-1,5-2, and 5-3). The barrier 
wall will be installed at the centerline of the dike from an elevation two feet above the 
annual high water level (4217.5 feet amsl) and will extend (be keyed) approximately 
three feet into the low permeability (K = 2.8x10-8 cm/s to 3.4x10-7 cm/s) Deeper Silty 
Clay Unit. The actual required minimum key depth of the barrier wall into the Deeper 
Silty Clay Unit will be determined from seepage analyses and cone penetration tests 
(CPT) that will be performed as part of detailed designs.

The Deeper Silty Clay Unit underlies the existing ground surface at depths ranging from 
approximately 31 to 44 feet below ground surface (bgs) along the proposed RWP 
perimeter (See Figures 5-4 and 5-5 and refer to Section 5.2.1 for a discussion of the 
spatial extent of the Deeper Silty Clay Unit). In addition to the thickness and lateral 
extent of the low permeability Deeper Silty Clay Unit, an upward gradient between the 
Lower Aquifer Zone and the Upper Aquifer Zone (i.e. below and above the Deeper Silty 
Clay Unit) will limit or prevent migration of water into the Deeper Aquifer Zone (vertical 
gradients are discussed in the Hydrogeological Report of this application [Stantec, 
2017]).

As part of the proposed conceptual design, a containment system utilizing a western 
barrier wall was considered (see Appendix E). However, this option was not pursued

US Magnesium GWDP Control Plan
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due to the small volume of groundwater currently flowing through the western 
boundary of the proposed RWP (~50 gallons per minute), and the conservative 
groundwater modeling results which predict impacted groundwater would not leave 
the containment area with or without the western wall. The lack of a western barrier 
wall also acts as a catchment for potentially contaminated groundwater currently 
located upgradient of the pond that is not possible with a pond that is completely 
enclosed with a barrier wall.

5.1.3 Dike and Barrier Wail Design

The new dike sections enclosing the RWP will be constructed and existing dikes raised to 
an elevation of approximately 4220 feet amsl to provide at least two feet of freeboard 
from projected maximum water levels within the proposed RWP (per UAC R649-9) and 
to prevent flooding from GSL during high water years (Figures 5-2 and 5-3). This will 
provide approximately eight feet of freeboard above the maximum historical water 
level of the Great Salt Lake (4211.6 feet amsl, USGS, 2007). The final top elevation of the 
dikes necessary to provide sufficient freeboard to contain wave action will be 
determined during detailed design. Embankments will be constructed (or modified in 
the case of existing embankments) with 4:1 (horizontakvertical) slopes and a minimum 
top width of 20 feet to provide sufficient working area for installation of the barrier wall. 
Due to the low pH of the wastewater, US Magnesium will conduct a barrier wall slurry 
mix compatibility study (refer to Section 5.2.5) to determine the most appropriate slurry 
backfill mixture for the barrier wall. The results of this study will be incorporated into the 
detailed design.

5.1.4 Construction Sequencing

Detailed construction sequencing will be determined during detailed design. Due to 
the scale of this project (approximately 21,280 linear feet of Barrier Wall), more than one 
construction season will be necessary to construct the entire discharge control 
structure. A preliminary construction sequence is described below.

• Phase I: Embankment Construction

Raise and widen existing embankments and construct new embankments 
beginning in the northwest corner and proceeding clockwise around the 
proposed RWP.

• Phase II: Barrier Wall Installation

Trench will be excavated and supported with slurry followed by backfill with a soil 
mixture as determined in the compatibility test

• Phase III: Final survey of in-place groundwater discharge control system 
components

US Magnesium GWDP Control Plan
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5.2 SUPPORTING DESIGN INVESTIGATIONS AND STUDIES

The following investigations and studies have been performed, are on-going, or are 
planned in order to support the design of the containment structures described in 
Section 5.1.

5.2.1 Spatial Extent and Suitability of the Deeper Silty Clay Unit

The Deeper Silty Clay Unit is a critical component of the groundwater discharge control 
system because it provides a physical barrier to wastewater entering the Lower Aquifer 
Zone and provides a barrier to potential underflow beneath the barrier wall and 
beyond the perimeter of the RWP. Forty-one historical borings, as well as eleven borings 
installed in June 2017, have been used to map the spatial extent and thickness of the 
Deeper Silty Clay Unit (Figures 5-4 and 5-5). Borings advanced around the perimeter of 
the CWP/OWP indicate the top of the Deeper Silty Clay Unit is approximately 35 to 55 
feet bgs, with depth to clay increasing towards the east (Figure 5-4). Thickness of the 
Deeper Silty Clay Unit within the footprint of the CWP/OWP ranges from 11 to 18 feet, 
with the thickness increasing towards the east (Figure 5-5).

Samples collected from eleven borings advanced into the Deeper Silty Clay Unit in 
June 2017 were analyzed to evaluate the vertical hydraulic conductivity of the Deeper 
Silty Clay Unit. Results of laboratory tests reported vertical hydraulic conductivities of 
the Deeper Silty Clay Unit ranging from 2.8x10-8 cm/s to 3.4x1 O'7 cm/s, approximately 
two orders of magnitude lower than the maximum permeability (1 .OxlO-5 cm/s) required 
by the UDEQ in design of compacted clay liners for landfill use (UDEQ, 2006) (See 
Appendix A of Hydrogeologic Report for geotechnical data and boring logs).

5.2.2 Geochemical Evaluation

The sediments underlying the CWP/OWP contain materials potentially reactive with the 
low-pH wastewater. Samples collected from the six boreholes advanced below the 
CWP were analyzed for calcium carbonate equivalency to evaluate the buffering 
capacity of the sediments above and within the Deeper Silty Clay Unit. Appendix C 
presents a detailed description of the results of this evaluation. Below is a summary of 
the methods and conclusions of this analysis.

The buffering capacity of the materials underlying the CWP area was conservatively 
estimated utilizing the measured flow rate into the pond (1100 gpm) and field- 
measured pH of the waste stream and surface water (0.0 to 1.15). Further, the 
evaporative area of the CWP at 4214 feet amsl (approximately 285 acres) was utilized 
to calculate the volume of material available to buffer the wastewater primarily 
because soil data are available for this area. The pH range utilized for this approach is 
conservative because the lowest value (pH = 0.0) was measured from the plant effluent 
directly, whereas measured pH values from the CWP water (pH = 0.76 to 1.15) are 
higher. Due to the logarithmic nature of the pH scale, this relatively small difference in 
pH results in significant variations in estimated buffering capacity as discussed below. In
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addition, the ponded area of the CWP utilized for the analysis (approximately 285 
acres) is significantly smaller than would be available under the proposed RWP 
(approximately 800 acres), resulting in a significantly larger volume of potentially 
reactive sediments available to buffer the same volume of low-pH water.

Due to the logarithmic nature of the pH scale, the range of pH values measured in the 
waste stream result in a significant range in estimated buffering capacity, with the 
sediments above the Deeper Silty Clay Unit having a buffering capacity estimated to 
last 25 to 350 years in the Northwestern CWP and 55 to 800 years in the Southeastern 
CWP. The buffering capacity of the Deeper Silty Clay Unit itself varies from 15 to 200 
years in the Northwestern CWP and 60 to 900 years in the Southeastern CWP (Table 5-1). 
This analysis suggests the sediments below the pond provide sufficient buffering 
capacity for the projected lifetime of the plant.

US Magnesium GWDP Control Plan
December 15, 2017

Table 5-1
Neutralization Capacity of Sediments Above and Within the Deeper Silty Clay Unit

pH
Assumed Acid 
Loading Rate 

(kg CaCOs/year)

Neutralization capacity 
of Sediments Above the 

Deeper Silty Clay Unit 
(years)

Neutralization 
capacity of the 

Deeper Silty Clay Unit 
(years)

Northwestern CWP

Low pH 0.00 1.10E+08 25 15

Ave pH 0.59 2.80E+07 100 55

High pH 1.15 7.75E+06 350 200

Southeastern CWP

Low pH 0.00 1.10E+08 55 60

Ave pH 0.59 2.80E+07 220 240

High pH 1.15 7.75E+06 800 900

Ave average
CaCOS calcium carbonate 
Kg kilograms

5.2.3 Water Balance Modelling

A complete description of the water balance model is included as Appendix D. The 
following text summarizes the methods and results of this analysis.

A water balance study was performed to evaluate and verify that the proposed RWP 
layout described above is sufficiently sized for both average precipitation and high 
precipitation years. The water balance utilized dynamic evaporation rates, with peak 
evaporation rates in summer and minimum evaporation rates in winter. The data used 
to evaluate the modeled storage requirements of the CWP and OWP are summarized 
in Table 5-2.
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Table 5-2
Data Used to Evaluate the Water Balance Model

Input Description
Wastewater Discharge Rate 950 gpm, as measured by the recently installed Cutthroat flume in 

the Main Ditch.

Gypsum Slurry Discharge Rate 150 gpm, as calculated based on inflows from the calcium chloride 
system underflow (50 gpm), desulfation system underflow (50 gpm), 

and 50 percent additional volume assumed for conservatism.

Precipitation Daily rainfall for 62 years of record. 11.8 inches per year on 
average. High water years inserted to simulate high water 
projection.

Evaporation Hourly rates for an average year which equals 45.4 inches.

Stage-area-storage relationships Developed from 2015 LIDAR survey. Some assumptions were 
required for the CWP.

Results from the water balance model indicate that the maximum expected water 
storage capacity will reach an elevation of 4218 feef amsl, wifh a surface area of 1025 
acres. The maximum annual pond elevafion assuming average rainfall is 4215.5 feef 
amsl, wifh a surface area of 856 acres. Resulfs from the water balance model were 
used as input conditions for the groundwater flow model discussed below and in 
Appendix E.

5.2.4 Groundwater Flow Modeling

A complete description of the computer groundwater flow model, simulations, and 
sensitivity analyses is included as Appendix E. Below is a summary of the overall 
groundwater modeling approach and results.

A numerical groundwater flow model was constructed to predict the impact of the 
proposed discharge control structures on groundwater flow (i.e. barrier wall around the 
north, east and south sides of the RWP). The modeling software MODFLOW (Harbaugh, 
2005) was utilized to simulate groundwater flow in three-dimensions incorporating 
aquifer heterogeneity and variable water elevations in the RWP. The aquifer beneath 
the Facility was modeled as a five layer system to represent the different stratigraphic 
layers. Stage storage information from the water-balance was utilized as input to model 
the groundwater response to the pond utilizing the maximum expected storage 
capacity (Maximum pond elevation of 4218 feet amsl). Water elevation of the RWP 
was simulated under two scenarios: a quarterly-fluctuating stage, based on the past 23 
years of historical evaporation and precipitation rates, and a maximum pond stage 
scenario, where a pond elevation of 4220 feet amsl was conservatively held constant 
for 30 years. Particle transport over a 30-year period for both scenarios was simulated 
as part of the model to determine if water would discharge from the RWP into the 
surrounding aquifer (Figure 5-6). The model indicates that, over the 30-year simulation 
period, groundwater beneath the RWP does not migrate to the surrounding aquifer by

(S Stantec 10



lateral transport toward the west of the Facility, nor does it migrate to the Lower Aquifer 
Zone through the underlying Deeper Silty Clay Unit.

5.2.5 Pending Predesign Investigations

In addition to the investigations and studies presented above, several ongoing studies 
will inform the final design of the groundwater discharge control system. These include 
the following studies.

Slurry Wall Compatibility Study. Due to the very acidic nature of the wastewater, a 
compatibility test will be performed to determine the appropriate slurry mix for the 
barrier wall. Great Lakes Environmental and Infrastructure (GLEI) contractors have 
provided US Magnesium with a proposal to perform a bench scale compatibility study 
utilizing water that is representative of water that will be in contact with the barrier wall. 
GLEI’s work plan for the proposed compatibility study is included as Appendix F.

Cone Penetration Tests. To confirm the depth and lateral continuity of the Deeper Silty 
Clay Unit, cone penetration tests (CRT) will be performed along the length of the 
proposed slurry wall.

Borrow Source Evaluation. Potential borrow sources for embankment material will be 
identified and evaluated to ensure materials meet specifications and the required 
volume of material is present.

Wastewater Flow Reduction. US Magnesium is reviewing the flows reporting to the waste 
pond with the purpose of determining methods to potentially reduce the volume of 
wastewater reporting to the waste pond. The intent of reducing flows to the waste 
pond would be to reduce the required footprint of the proposed RWP.

6.0 REFERENCES

ERM, 2016. Draft Old Waste Pond/Current Waste Pond Area Hydrologic Conceptual Site 
Model, US Magnesium LLC. June 2016.

Harbaugh, A.W. (2005), MGDFLOW-2005, The U.S. Geological Survey modular
groundwater model - the Ground-Water Flow Process, U.S. Geological Survey 
Techniques and Methods, 6-A16.

Stantec, 2017. Groundwater Discharge Permit Hydrogeologic Report. December, 2017. 

US Magnesium, 2017.

Utah Department of Environmental Quality (UDEQ), 2006. Preparation of Solid Waste 
Facility Closure and Post-Closure Cost Estimates: Guidance. May 2012.

UDEQ, 2016. Warning: Letter of Violation -- Unpermitted Discharges to Waters of the
State, Uncontrolled Releases of Contaminants and Failure to Report: Violations of 
the Utah Water Quality Act, 19-5-107. 17 November 2016.

US Magnesium GWDP Control Plan
December 15, 2017

a Stantec
n

















C:\Data\MWH\PB&L &US Magnesium\FIGURES\Fig 5-1_Current Wasfe Pond Concept GW Discharge Control_11Dec2017.mxd

m
Drawn by D. Severson

^ . ' V





C
:\D

at
a\

M
W

H
\P

B
&

L 
&

U
S

 M
ag

ne
si

um
\F

IG
U

R
E

S
\F

ig
 5

-3
_U

S
M

ag
_C

on
ce

pt
 G

W
 D

is
ch

ar
ge

 C
on

tr
ol

 D
es

ig
n_

5D
ec

20
17

.a
i 

5 
D

ec
 2

01
7 

D
R

A
W

N
 B

Y
 D

. S
ev

er
so

n





C
:\D

at
a\

M
W

H
\P

B
&

L 
&

U
S

 M
ag

ne
$i

um
\F

IG
U

R
E

S
\F

ig
 5

-2
_U

S
M

ag
_T

yp
ic

al
 C

ur
re

nt
 a

nd
 F

or
m

er
 W

as
te

 P
on

d 
S

ec
tio

n_
5D

ec
20

17
.a

i 
5 

D
ec

 2
01

7 
D

R
A

W
N

 B
Y

 D
. S

ev
er

so
n





E:\PB&L &US Magnesium\FIGURES\Fig 3_2b Thickness of Deeper Silty Clay Unit_20170927.mxd Date: 9/27/2017 Drawn by C Gallegos





E:\PB&L &US Magnesium\FIGURES\Fig 3_2a_ELEVATI0N OF TOP OF DEEPER SILTY CLAY UNIT_20170927.mxd

_____
Date: 9/27/2017 Drawn by C Gallegos



Z:\Projects\Clients\US Magnesium - PB&L\Figures\ReportFigures\Figure 5-6_30 Yr Calc Part Path_Lines_Climate Based.mxd 17 Nov 2017







Corrective Measures Implementation Work Plan
US Magnesium LLC 

Rowley, Utah

RCRA Carve-Out Cleanup Project 
U.S. Environmental Protection Agency Region 8 

Administrative Order on Consent (AOC), 
RCRA Docket No. RCRA-08- 2016-0004

May 26, 2017 
Revised August 9, 2017



1.0 INTRODUCTION........................................................................................................................................................1-1

1.1 PURPOSE AND OBJECTIVE.............................................................................................................1-1

1.2 PROJECT DELIVERY STRATEGY................................................................................................. 1 -1

1.2.1 Project Delivery Method....................................................................................................... 1-1

1.2.2 Technical Manager Meetings/Design Review Meetings................................................ 1-2

1.2.3 Design Sequencing................................................................................................................... 1 -2

1.2.4 Value Engineering.................................................................................................................... 1-2

1.2.5 Permits........................................................................................................................................1-3

1.3 PROJECT ROLES AND RESPONSIBILITIES.......................................................................... 1-3

1.3.1 Environmental Protection Agency....................................................................................... 1 -3

1.3.2 US Magnesium.......... .............................................................................................................. 1-3

1.3.3 Engineering and Construction Contractors....................................................................... 1-4

1.4 DATA MANAGEMENT AND RECORDS RETENTION...................................................... 1-4

1.5 ORGANIZATION OF WORK PLAN.............................................................................................1-4

2.0 BACKGROUND SUMMARY..................................................................................................................................2-1

2.1 LOCATION.............................................................................................................................................2-1

2.2 RCRA CARVE-OUT PROJECT AREA..........................................................................................2-1

3.0 PROJECT ELEMENTS............................................................................................................................................ 3-1

3.1 PROJECT ELEMENTS.......................................................................................................................3-1

3.2 COMPLETION CRITERIA...............................................................................................................3-2

4.0 DESIGN CONSIDERATIONS AND DELIVERABLES...................................................................... 4-1

4.1 WASTEWATER DISCHARGE PIPING SYSTEM PLAN...................................................... 4-1

4.1.1 Design Considerations........................................................................................................... 4-1

4.1.2 Design Deliverables.................................................................................................................4-2

4.2 DITCH ABANDONMENT, CONSOLIDATION AND CAPPING PLAN....................... 4-3

4.2.1 Design Considerations............................................................................................................4-3

4.2.2 Design Deliverables.................................................................................................................4-6

4.3 SANITARY LAGOON REFURBISHMENT OR CAPPING PLAN.................................... 4-7

4.3.1 Design Considerations............................................................................................................4-7

4.3.2 Design Deliverables.................................................................................................................4-7

4.4 INSTITUTIONAL CONTROL IMPLEMENTATION AND ASSURANCE PLAN..... 4-8

4.5 SEMI-ANNUAL REPORTS.............................................................................................................. 4-8

4.6 CORRECTIVE MEASURES IMPLEMENTATION AND FINAL REPORTS................ 4-9

Table of Contents Page

CM I Work Plan August 2017



5.0 PROJECT SCHEDULE......................................................................................................................................... 5-1

Table of Contents Page

APPENDIX

A ALS Environmental Laboratory Method EPA TO-15 VOC List and Detection Limits

FIGURES

1 Site Location Map........................................................................................................................2-2

2 RCRA Carve-Out Cleanup Project Area Map........................................................................ 2-3

3 Preliminary Design for New Wastewater Piping System and Ditch Abandonment and

Capping...................................................................................................................................... 4-10

4 Soil Gas Probe Locations for Soil Vapor Assessment.........................................................4-11

5 Preliminary RCRA Carve-Out Cleanup Project Schedule....................... follows Section 5.0

CMI Work Plan August 2017



1.0 INTRODUCTION

1.1 PURPOSE AND OBJECTIVE

This Corrective Measures Implementation (CMI) Work Plan has been prepared by US 

Magnesium LLC (USM) and presents the organization, objectives, and activities associated with 

designing the work elements to implement the RCRA Carve-Out Cleanup Project (“Project”) 

pursuant to the U.S. Environmental Protection Agency (EPA) Region 8 Administrative Order on 

Consent (AOC), U.S. EPA Docket No. RCRA Docket No. RCRA-08-2016-0004, effective 

August 3, 2016.

The objective of the Project design phase is to prepare engineering plans and technical 

specifications that meet EPA’s requirements for approval and are suitable for procuring 

construction materials and contractors to implement the Project. In accordance with the AOC, 

this CMI Work Plan outlines the design, construction, operation, maintenance and monitoring of 

the activities to implement the Project and includes a schedule for expeditious implementation of 

the Project.

Although this CMI Work Plan describes the process and strategy for preparing the design for the 

Project, it does not contain design details such as design calculations, assumptions, technical 

specifications, etc. As contemplated in the AOC, these details will be developed during the 

actual design process by the design team and will be included in the design submittals.

Moreover, this CMI Work Plan presents the design approach and process as it is anticipated at 

this stage. Components of the design approach and process may change or evolve as the design 

progresses and additional data and detailed design information are developed. Any unanticipated 

changes to the design approach or processes described in this CMI Work Plan identified during 

its implementation will be communicated and resolved with EPA. Additional details regarding 

the project delivery strategy for the Project are presented below.

1.2 PROJECT DELIVERY STRATEGY

The overall strategy is to deliver the Project efficiently, cost-effectively, and in a manner that 

satisfies the concepts and requirements described in the AOC. The project delivery strategy 

includes the following components:

1.2.1 Project Delivery Method

The Project will be a traditional design-bid-build project delivery. The design team (described 

below in Section 1.3) will prepare the design and bid documents in accordance with this CMI 

Work Plan. These design/bid documents then will be used to obtain bids from qualified 

suppliers and contractors, and the selected contractor(s) will perform the construction activities. 

During Project construction, the design team or other qualified engineering or construction-
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manager entity may act as USM’s agent to review the progress of the work and confirm that each 

Project element is constructed in accordance with its approved design.

1.2.2 Technical Manager Meetings/Design Review Meetings

Throughout the Project design process, periodic meetings or teleconferences will be held with 

EPA, other agency personnel as requested by EPA, and the design-team project manager and 

technical staff, as appropriate, to review progress and important or significant technical issues, 

discuss design parameters and assumptions, and discuss potential design changes. The goals of 

these meetings are to keep the lines of communication open and to get EPA, and other agency 

personnel designated by EPA, input and consensus early in the Project design process (as 

opposed to relying solely on the traditional review/response-to-comments approach to 

communicate and address potential issues).

In addition to the technical manager meetings discussed above, design review meetings or 

teleconferences will be scheduled within one week (if possible) of receiving EPA comments on 

the Project design submittals. The purpose of the design review meetings is to allow the design 

team the opportunity to seek clarification on EPA comments and to resolve any significant 

comments prior to initiating modification of the designs.

1.2.3 Design Sequencing

The Project design will be sequenced to mirror the anticipated chronological order (or phases) of 

the Project construction as set forth in the AOC Statement of Work (SOW). For example, the 

new wastewater discharge piping system will be first in the construction sequence for the Project 

and the plans for that work accordingly will be the first developed during the design. In addition, 

design elements that are sufficiently defined will proceed earlier in the design process, whereas 

those elements potentially impacted by data gaps or where performance testing may be necessary 

to define / refine the design basis will progress after the needed design data or performance 

testing results are obtained. This staggered design effort is expected to streamline the overall 

schedule for completion of the Project. The anticipated Project schedule is presented in Section 

5.0.

1.2.4 Value Engineering

Construction contractors and outside technical experts will be consulted during the design 

process to help identify procedures, processes, and construction techniques that could improve 

quality, or streamline implementation or future operation and maintenance of the Project. For 

example, construction contractors may be solicited at key points during the design process where 

it is determined that outside expertise would enhance the design and construction of the Project. 

The objective is to identify value-engineering ideas early such that they can be incorporated into 

the Project design.
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1.2.5 Permits

Based on USM’s review of the scope of the Project and development of the design 

considerations and criteria presented in Section 4.0, USM has not identified any federal, state, or 

local permits or approvals that will be required to complete the Project. If any permits are 

determined to be necessary during the detailed design and/or contractor procurement tasks, USM 

will submit timely and complete applications and take such actions as are necessary to obtain any 

such permits or approvals.

1.3 PROJECT ROLES AND RESPONSIBILITIES

The key personnel and their roles and responsibilities for design and implementation of the 

Project are presented below.

1.3.1 Environmental Protection Agency

EPA is the lead agency governing the design and construction of the Project. EPA is responsible 

for reviewing and approving all plans and deliverables related to implementing the Project. The 

EPA Project Manager is Mr. David Duster.

1.3.2 US Magnesium

USM is responsible for implementing the Project in accordance with the AOC. USM has overall 

responsibility for procuring consultants and contractors to perform the work, budgeting and 

securing the necessary funds, and assuring that the requirements of the AOC are met. The 

specific individuals involved and their respective roles are as follows:

Project Director. The USM Project Director is Mr. Tom Tripp. He will be responsible for the 

contractual commitments and for ensuring that necessary resources are dedicated to the project. 

He also will assure the technical, budget, and schedule requirements are met.

Project Manager. Mr. Rob Hartman will serve as the USM Project Manager. Mr. Hartman will 

be responsible for day-to-day communication with the Project Director as well as with the staff 

assigned to perform the various project tasks. As the USM Project Manager, he will define and 

clarify the scope of work and objectives for each major activity. Mr. Hartman has over 25 years 

of experience including 16 years in the mining and mineral processing industry as a project 

manager and remediation project director. His experience has focused on CERCLA Remedial 

Design and Remedial Action and emergency removal actions, RCRA waste unit closure and 

corrective action, and facility decommissioning and asset recovery.

Engineering Lead. The USM Engineering Lead will be Mr. Shane Ellis. He will be responsible 

for coordinating the necessary resources to accomplish the design of the various elements and to 

complete the Project design phase. He will ensure that the various plans and design submittals 

meet USM’s requirements and good engineering practices, and will be the engineer of record for
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assuring that construction of the Project elements meet the design. Mr. Ellis is a registered 

professional (civil) engineer (registered P.E. in Utah) with over 10 years of experience designing 

and overseeing construction of underground piping and backfill projects.

1.3.3 Engineering and Construction Contractors

In addition to its internal environmental, engineering and construction resources, USM may 

utilize qualified technical consulting, engineering, and construction firm(s) to prepare and/or 

review the designs and implement the Project.

1.4 DATA MANAGEMENT AND RECORDS RETENTION

During the design and implementation (construction) of the Project, USM will utilize existing 

data sources and acquire data and information to document successful completion of the Project 

and the requirements of Section VII (Work to be Performed) of the AOC. USM anticipates that 

the majority of the data and documentation will be generated and stored as electronic files. 

Consistent with USM’s standard practice, uniquely identified file folders have been created for 

its engineering and environmental staff to store all data and documentation related to the Project 

on USM’s secured server. That sever is backed up at least daily. Documents such as field notes 

that originate on hard copy will be scanned into electronic files for storage on the server and the 

originals will be maintained in hard copy file folders.

Until five years after the termination of the AOC, USM will retain, and will instruct its 

contractors and agents to preserve, all non-identical copies of all documents, records, or other 

information (including documents, records, or other information in electronic form) in its or its 

contractors' or agents' possession or control, or that come into its or its contractors' or agents’ 

possession or control, and that relate in any manner to USM's performance of its obligations 

under the AOC. This information-retention requirement will apply regardless of any contrary 

corporate or institutional policies or procedures. At any time during this information-retention 

period, upon request by the EPA, USM will provide copies of any documents, records, or other 

information required to be maintained under the AOC.

1.5 ORGANIZATION OF WORK PLAN

The remainder of this Work Plan is comprised of the following sections:

• Section 2.0 presents a summary description of the site and the RCRA Carve-Out Project 

area.

• Section 3.0 presents a description of the Project elements.

• Section 4.0 describes the Project design considerations and contents of the design 

deliverables and reports.
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2.0 BACKGROUND SUMMARY

USM is a commercial producer of magnesium and magnesium alloys that operates a facility in 

Rowley, Tooele County, Utah. This section includes a summary of the site including the 

location and physical setting, and a description of the RCRA Carve-Out Project area. More 

detailed information is contained in the Corrective Measures Study, US Magnesium Facility, 

Proposed Filtration Plant Project Area, ERM, December 2015.

2.1 LOCATION

The USM plant is located in Rowley, Tooele County, Utah (see Figure 1). The USM plant is 

located in the Lakeside Valley adjacent to Stansbury Bay of the Great Salt Lake (GSL). The Site 

includes an active primary magnesium production facility, which has been in operation since 

1972. The site encompasses portions of Lakeside Valley, the Lakeside Mountains to the west, the 

Great Salt Lake (GSL) to the north and northeast, and solar evaporation ponds in Stansbury Bay 

to the southeast. Elevations in the area surrounding the plant range from about 4,200 feet above 

mean sea level in the GSL lakebed and playa to over 6,500 feet above mean sea level in the 

Lakeside Mountains.

2.2 RCRA CARVE-OUT PROJECT AREA

The Project area encompasses the ditches and sanitary lagoon at the facility, as denoted in 

Appendix 1 (RCRA Carve-Out Cleanup Project Area Map) of the AOC, which is included as 

Figure 2 in this CMI Work Plan.

The Project area encompasses a portion of the Comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA) Preliminary Remedial Investigation (PRI) Area 1 

wastewater ditches including the Western Ditch, Central Ditch, Chlorine Ditch, and Main Ditch 

up to and including its intersection with the Current Wastewater Pond (CWP). The Project area 

also includes dredge spoil areas between the ditches where material from within the ditches may 

have been placed and the Former Boron Ditch area. The Project Area also includes the entire 

approximately 1.6 acre Sanitary Lagoon (PRI Area 3) located between the Central Ditch and the 

Chlorine Ditch.
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Figure 1. Site Location Map
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3.0 PROJECT ELEMENTS AND COMPLETION CRITERIA

3.1 PROJECT ELEMENTS

As described in Section 26 of the AOC, the Project will consist of the following elements:

Wastewater Discharge Piping System

Wastewater currently discharged to the ditches will be conveyed to the CWP through pipes in

accordance with a wastewater discharge piping system plan. This plan may include locating

pipes within the boundaries of existing ditches.

Abandonment, Consolidation and Capping Wastewater Ditches

1. Abandon the wastewater ditches through backfilling and capping contaminated soils and 

sediments within or adjacent to the ditches. Dredge spoils adjacent to the ditches will be 

placed into the ditch network. Contaminated soils, if any, in other areas within the RCRA 

Carve-Out Cleanup Project Area, including the future filtration plant area, may be placed into 

the ditch network or, as described in task 3 below, capped, to be determined during the 

corrective measures design. The ditches will be backfilled to grade and capped using clean 

clayey soils extracted from on-site borrow pits or other suitable on-site sources, or other 

suitable barrier.

2. Excavate contaminated sediments in the outer main ditch for consolidation with the 

contaminated ditch sediments within the central ditch network sediments. Depth and lateral 

area will be determined during the corrective measures design using information gathered 

from CERCLA investigative studies. EPA will work with USM to develop a suitable 

protocol that will appropriately define the amount of confirmatory sampling. The activities 

called for in this subparagraph will not be required if the Utah Division of Water Quality and 

EPA have approved a retrofit option for the CWP before these activities are scheduled to 

occur under this CMI Work Plan.

3. Install a minimum 2-foot thick cap using clayey soils extracted from on-site borrow pits or 

other suitable on-site sources or other suitable barrier on the closed ditches, and, if 

applicable, on other contaminated areas within the RCRA Carve-Out Cleanup Project Area, 

to eliminate burrowing animals and minimize water infiltration. Cap design to reduce 

infiltration must include topographical design to promote runoff, and run-on controls. 

Capping necessary to minimize water infiltration will not be required if the Utah Division of 

Water Quality and EPA have approved a retrofit option for the CWP before these activities 

are scheduled to occur under this CMI Work Plan.

4. Develop and implement soil vapor assessment and, if necessary, mitigation.
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Sanitary Lagoon Refurbishment or Capping

The sanitary lagoon will be either refurbished to remain in operation or abandoned, to be 

determined during the corrective measures design. Dredge spoils adjacent to the sanitary lagoon 

will be placed into the ditch network. If the sanitary lagoon is refurbished, the corrective 

measures design will specify requirements for closure of the sanitary lagoon at the end of its 

operation. If the sanitary lagoon is abandoned, it will be closed in place through backfilling and 

capping, or contaminated soils in the sanitary lagoon will be excavated and placed in the ditch 

network, to be determined during the corrective measures design.

Institutional Controls

Establish institutional controls and post suitable warning signs to manage risk within the RCRA 

Carve-Out Cleanup Project area.

3.2 COMPLETION CRITERIA

The AOC specifies the work requirements, but does not include any narrative or numeric cleanup 

objectives. For most of the Project elements, the cleanup objectives will be achieved when each 

element has been implemented (construction completed) in accordance with the EPA-approved 

plans and specifications. The completion criteria for the Project elements are summarized below.

Wastewater Discharge Piping System

• Completion of construction in accordance with design, specifications and quality control 

requirements in the EPA-approved wastewater discharge piping system plan.

Abandonment, Consolidation and Capping Wastewater Ditches

• Demonstration of achievement of the soil cleanup objectives for the excavation of dredge 

spoils and contaminated soil within the Project area by confirmatory soil sampling and 

analysis in accordance with the Sampling and Analysis Plan (SAP). The SAP will 

specify numeric soil cleanup objectives that will be met during implementation of this 

element of the Project.

• If required, demonstration of achievement of the cleanup objectives for the excavation of 

contaminated sediments in the outer main ditch for consolidation within the central ditch 

network within the Project area by confirmatory sampling and analysis in accordance 

with the SAP. The SAP will specify numeric outer main ditch sediment cleanup 

objectives that will be met during implementation of this element of the Project.

• Completion of construction in accordance with design, specifications and quality control 

requirements in the EPA-approved ditch abandonment, consolidation and capping plan.
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• Adherence to the post-implementation monitoring and maintenance plan for monitoring 

the integrity of the soil cap will be documented in the Final Report described in Section 

4.6.

Sanitary Lagoon Refurbishment or Capping

• Demonstration of achievement of the soil cleanup objectives for the excavation of 

contaminated soil within the sanitary lagoon by confirmatory soil sampling and analysis 

in accordance with the SAP. The SAP will specify numeric soil cleanup objectives that 

will be met during implementation of this element of the Project.

• Completion of construction in accordance with design, specifications and quality control 

requirements in the EPA-approved sanitary lagoon refurbishment/closure plan.

Institutional Controls

• Completion of surveying and documentation of the limits and posting of warning signs 

around the perimeter of the Project area soil cap consistent with the EPA-approved 

Institutional Control Implementation and Assurance Plan (ICIAP).

• Adherence to the post-implementation assurance provisions of the ICIAP will be 

documented in the Final Report described in Section 4.6.
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4.0 DESIGN CONSIDERATIONS AND DELIVERABLES

This section provides a summary of the design considerations, including information necessary 

to finalize the Project design, and a list of the deliverables (e.g., plans, specifications) for the four 

Project elements described in Section 3.0.

4.1 WASTEWATER DISCHARGE PIPING SYSTEM PLAN

4.1.1 Design Considerations

The primary design considerations and criteria are:

• Pipe sizing based on current and projected maximum combined wastewater discharge 

(flow) to the CWP;

• Configuration for connecting the multiple current outfall pipes to the new wastewater 

piping to the CWP that will minimize potential for operational upsets, leakage and 

maintenance;

• Alignment of new piping that will allow gravity flow to the CWP;

• Piping and valving that will allow for possible separation of non-acidic wastewater from 

acidic wastewater and filtration of acidic wastewater streams;

• Arrangement for connections and alignment of new piping to allow pipe access for 

inspections and maintenance;

• Allow for integration/connection of the new piping with the design (e.g., location, 

footprint, piping and access) of the proposed wastewater filtration treatment plant; and

• System design that is cost-effective.

Based on USM’s extensive experience in handling acidic wastewaters, high density polyethylene 

(HDPE) pipe is compatible with the acidic wastewater streams and will be specified for the new 

piping. USM has completed a preliminary design for pipe alignment and sizing. See Figure 3. 

However, before completing the final piping system design, USM needs to verify flow estimates.

USM has ordered and will be installing flow measurement equipment to measure the current 

combined wastewater flow in the main ditch to confirm or adjust the design basis for the pipe 

sizing. The wastewater flow will be measured using a Cutthroat flume. The flume will be placed 

in an excavated channel next to the existing channel, instrumentation installed and checked, and 

then the downstream end of the new channel will be excavated out to the main ditch. Finally, the 

upstream end will be breached to allow flow from the main channel into the new channel and the
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main channel diked off. The sonic water-level detector/datalogger will be set to log at 15- or 30- 

minute intervals to evaluate peak short-term flow. USM plans to install the flume and flow 

measurement instrumentation in August 2017 and log flow data over about a 30-day period.

In November 2015, USM performed a L1DAR topographic survey of the site. The topographic 

map elevations are accurate to about 0.2 feet. The topographic map will aid in designing the 

alignment of the new piping to provide for gravity flow to the CWP.

4.1.2 Design Deliverables

The anticipated wastewater piping plan design deliverables include but are not limited to:

• Plan and profiles for the new piping;

• Details for the connections of the current piping to the new piping and valve 

arrangements;

• Calculations or published documentation supporting pipe sizing and manufacturer cut- 

sheets for valves;

• Specifications and quality control testing requirements for construction of the piping and 

connections;

• A construction plan describing the construction scope, planned sequence, and preliminary 

schedule;

• If the new piping alignment includes a section(s) of piping within the boundaries of the 

existing ditches, the construction plan will include integrating and coordinating the 

schedule for installation of the new wastewater piping with abandonment and capping of 

that section(s) of the existing ditches.

The draft wastewater discharge piping system plan (design deliverable) will be developed and 

submitted to EPA at a pre-final (90%) level. USM is not planning to prepare an Operation and 

Maintenance Plan (OMP) for the new wastewater piping because operation and maintenance will 

become part of the facility operations when the new piping begins to convey wastewater from 

the plant to the CWP. The preliminary schedule for submittal of the draft wastewater discharge 

piping system plan to EPA is presented in Section 5.0.

USM anticipates that a minimal volume of waste will be generated during the Project. Wastes 

that may be generated during implementation of the Wastewater Discharge Piping System Plan 

are expected to be limited to packaging materials (e.g., wood pallets, cardboard, plastic, 

strapping) and HOPE pipe scraps (e.g., pipe off cuts, trimming and bead shavings). These 

wastes are expected to be non-hazardous wastes and will be disposed in the on-site landfill as 

trash.
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4.2 DITCH ABANDONMENT, CONSOLIDATION AND CAPPING PLAN

As specified in the AOC, if the Utah Department of Environmental Quality (DEQ), Division of 

Water Quality (DWQ) and EPA have approved a retrofit option for the wastewater pond, then (1) 

the outer main ditch sediments will not need to be excavated and consolidated in the central ditch 

network prior to capping and (2) the 2-foot soil cap over the closed ditches does not need to 

minimize water infiltration. Thus, the status of the Groundwater Discharge Permit (GWDP) and 

design for retrofitting the wastewater pond are overarching considerations for the Ditch 

Abandonment, Consolidation and Capping Plan. The Plan will also take into consideration the 

design (e.g., location, footprint, piping and access) of the proposed wastewater filtration 

treatment plant.

4.2.1 Design Considerations

The primary design considerations and criteria are:

• Volume of fill material required to backfill the Western Ditch, Central Ditch and 

Chlorine Ditch up to the Main Ditch;

• Length of the section of the Main Ditch that will be abandoned and volume of fill 

required;

• Volume of dredge spoils adjacent to the ditches that will be used as backfill in the 

ditches;

• Potential volume of contaminated soil in other portions of the Project area, including 

contaminated soil within the sanitary lagoon, that may be used as backfill in the ditches;

• Potential volume of contaminated sediments in the outer Main Ditch that may be 

consolidated into the Central Ditch network as backfill;

• Source and volume of additional fill material that may be required to backfill the ditches 

to the design subgrade elevation (i.e., general fill grade prior to constructing the soil cap);

• Source and volume of the soil that will be used to construct the 2-foot soil cap over the 

backfilled ditches and, if applicable, on other contaminated areas within the Project area. 

Representative samples of the identified borrow soil will be collected and analyzed for 

site-related COPCs to assure the soil is suitable for capping. The samples will be 

collected, managed and analyzed consistent with the CERCLA Remedial Investigation 

(RI) protocols;

• The soil cap will be designed to minimize the potential for any burrowing animals;
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• The trench backfill and soil cap will be designed to drain precipitation laterally off the 

capped areas and minimize potential run-on of precipitation;

• The soil cap will be designed to minimize long-term maintenance; and

• Based on the results of the soil vapor assessment, if needed, a soil vapor mitigation plan 

will be integrated into the capping plan.

As described above, the 2015 LIDAR-generated topographic map will be used to calculate the 

volumes of materials using a computer aided design (CAD) software program such as 
AutoCAD® Civil 3D®. In addition, USM engineering staff have performed ground-based 

topographical surveys of the bottom of the wastewater ditches to obtain those elevations. A 

CAD program will also be used to design the grade for the backfill and capping to drain 

precipitation laterally off the capped areas.

The preliminary estimate of the fill volume required to backfill the wastewater ditches level to 

within 2 feet of the surrounding grade is approximately 80,000 cubic yards (CY) as shown on 

Figure 3. As part of finalizing the design, USM will estimate the volume of fill available from 

consolidation of the dredge spoils, contaminated soil and sediments from within the Project area. 

Other fill sources, such as the adjacent gypsum pile, will be identified and evaluated to account 

for a shortfall in the volume of backfill in the ditches. The grading and capping plan will also 

account for any fill volume surplus or shortfall related to the sanitary lagoon refurbishment as 

described in Section 4.3 below.

USM has a current borrow pit of clayey silt soil that is a potential source for the soil cap. The 

preliminary estimate of the soil volume required to construct the 2-foot soil cap over the 

wastewater ditches is approximately 45,000 cubic yards (CY). The estimated volume of cap soil 

is expected to be available from the current borrow pit. Samples from the potential sources of 

cap material will be collected and submitted for physical testing to determine the maximum dry 

density, grain size distribution and Atterberg limits. Additional physical testing may be 

performed to obtain site-specific input parameters to model predicted infiltration through the cap 
using computer-modeling software such as UNSAT-H or HYDRUS® if the cap is required to 

minimize water infiltration.

Monitoring and Maintenance Plan

A monitoring and maintenance plan will be developed that will assure the integrity of the soil 

cap in the Project area. Visual inspections of the cap surface will include checking for any 

evidence of burrowing animals and erosion from precipitation run-on or run-off erosion. 

Consistent with the Institutional Control Implementation and Assurance Plan described in 

Section 4.4 below, the visual inspections will also include checking for any unauthorized ground 

disturbance or excavation within the capped area and that the warning signs are present and
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legible. The monitoring and maintenance plan will including a description of the conditions that 

will require maintenance and, if triggered, the required maintenance actions.

Soil Vapor Assessment

As required by the AOC, USM will complete a soil vapor assessment within the Project area 

within ninety days after EPA approval of this CMI Work Plan. The assessment will focus on the 

area proposed for the wastewater filtration plant because volatile organic compound (VOC) 

vapors, if present in soil pore space, could accumulate beneath the structures and result in 

potential VOC exposure to workers at the wastewater filtration plant.

USM will perform soil gas sampling by installing two temporary shallow soil gas probes in the 

proposed location of the wastewater filtration plant as shown on Figure 4. Gas vapor probes 

(GVPs), such as the AMS GYP nittp://www.ams-samplers.com/hand-tooling/soil-gas- 

samplers/original-gvp-kit.htmQ will be installed to a depth of about 1.5 feet. Soil gas samples 

will be collected and analyzed in accordance with EPA Method TO-15 per EPA’s Compendium 

of Methods for the Determination of Toxic Organic Compounds in Ambient Air, Second Edition, 

Compendium Method TO-15, Determination Of Volatile Organic Compounds (VOCs) In Air 

Collected In Specially-Prepared Canisters And Analyzed By Gas Chromatography / Mass 

Spectrometry (GC/MS) (EPA/625/R-96/010b, January 1999) and Supplement to EPA 

Compendium Method TO-15. Reduction of Method Detection Limits to Meet Vapor Intrusion 

Monitoring Needs (ManTech Environmental Technology, Inc. and National Exposure Research 

Laboratory, U.S. Environmental Protection Agency, Undated).

The Method TO-15 Summa canisters will be connected to the GVPs and set to sample for a 24- 

hour period. The samples will then be submitted to the ALS Environmental (ALS) laboratory in 

Salt Lake City, Utah for analysis. ALS is a NELAC accredited laboratory that provides 

environmental analytical services and, specifically, routinely analyzes gas samples following 

EPA Method TO-15.

Based on prior sampling of the wastewater ditch sediments for VOCs, the results for sediment 

sample DMA-Sed-PRJl-2 were reviewed to identify soil vapor constituents of potential concern 

(SVCOPCs). The location of sample DMA-Sed-PRll-2 is shown on Figure 4. Sediment VOC 

concentrations greater than 100 micrograms per kilogram (ug/kg) were reported in sample DMA- 

Sed-PRIl-2 for the following:

• Bromodichloromethane

• Bromoform

• Carbon tetrachloride

• Dibromochloromethane

• Tetrachloroethene
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The soil gas samples will be analyzed for the full list of the EPA Method TO-15 VOCs, which 

includes the SVCOPCs listed above. The full list of the EPA Method TO-15 VOCs and AES’s 

Method Detection Limits (MDLs) and Reporting Limits(s) are contained in Appendix A.

Following receipt of the laboratory results for the SVCOPCs, USM will evaluate the results and 

provide the results to EPA. Depending on the results, USM, in consultation with EPA, may 

propose additional sampling rounds and/or sample locations. Ultimately, USM will consult with 

EPA regarding the results of the soil vapor assessment and determine if a soil vapor mitigation 

plan is warranted.

4.2.2 Design Deliverables

• Plan(s) and profiles for the consolidation of dredge spoils (and, if required, contaminated 

sediments from the outer Main Ditch) into the central ditch network, backfilling and 

capping the ditches;

• Specifications, quality control testing requirements and a construction quality assurance 

plan for consolidation, backfilling and capping;

• A SAP for confirmation sampling after excavation of dredge spoils adjacent to the 

ditches and contaminated soil in other portions of the Project area have been consolidated 

as fill in the ditches. The SAP will include proposed numeric cleanup criteria for the 

constituents of potential concern (COPC) identified in the dredge spoils and Project area 

soil based on prior sampling and analytical results;

• A construction plan describing the construction scope, planned sequence, and preliminary 

schedule;

• A monitoring and maintenance plan for monitoring the integrity of the soil cap, including 

a description of the conditions that will require maintenance actions;

• If the plan includes consolidation of contaminated sediments in the outer Main Ditch into 

the central ditch network as backfill, a SAP for confirmation sampling in the outer Main 

Ditch, including proposed numeric cleanup criteria for the constituents of potential 

concern (COPC) identified in the outer Main Ditch sediments based on prior sampling 

and analytical results, will be included in the design submittal; and

• If determined to be warranted, a soil vapor mitigation plan.

The draft ditch abandonment, consolidation and capping plan (design deliverable) will be 

developed and submitted to EPA at a pre-final (90%) level. The preliminary schedule for
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submittal of the draft ditch abandonment, consolidation and capping plan to EPA is presented in 

Section 5.0.

USM anticipates that a minimal volume of waste will be generated during the Project. Wastes 

that may be generated during implementation of the Ditch Abandonment, Consolidation and 

Capping Plan are expected to be limited to disposable personal protective equipment and /or 

sampling equipment (e.g., latex/nitrile gloves, soil gas probe sample tubing). These wastes are 

expected to be non-hazardous wastes and will be disposed in the on-site landfill as trash.

4.3 SANITARY LAGOON REFURBISHMENT OR CAPPING PLAN

4.3.1 Design Considerations

Currently USM is planning to refurbish and continue to use the sanitary lagoon; therefore, the 

design considerations are focused on that option. The capacity of the current lagoon is greater 

than necessary to contain the current and anticipated future flows to the lagoon. The 

refurbishment plan will take into consideration the minimum capacity (footprint and depth) of 

the lagoon, removal of contaminated sediments within the portion of the lagoon that will be 

retained and a closure plan for when it ceases operation. The plan will also take into 

consideration the design (e.g., location, footprint, piping and access) of the proposed wastewater 

filtration treatment plant. As described above, the 2015 LIDAR-generated topographic map will 

be used to design the grading for the lagoon retrofit using a computer aided design (CAD) 
software program such as AutoCAD® Civil 3D®.

4.3.2 Design Deliverables

• A plan for the refurbishment of the sewage lagoon, including drawings and profiles as 

appropriate;

• Specifications and quality control testing requirements;

• A SAP for confirmation sampling after excavation of contaminated soil within the 

sanitary lagoon. The SAP will include proposed numeric cleanup criteria for the 

constituents of potential concern (COPC) identified in the sanitary lagoon soil based on 

prior sampling and analytical results;

• A construction plan describing the construction scope, planned sequence, and preliminary 

schedule; and

• A closure plan for when the sanitary lagoon ceases operation.

The draft sanitary lagoon refurbishment/closure plan (design deliverable) will be developed and 

submitted to EPA at a pre-final (90%) level. The preliminary schedule for submittal of the draft 

sanitary lagoon refurbishment/closure plan to EPA is presented in Section 5.0.
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USM anticipates that a minimal volume of waste will be generated during the Project. Wastes 

that may be generated during implementation of the Sanitary Lagoon Refurbishment or Capping 

Plan are expected to be limited to vegetative clearing (e.g., trees, brush). These wastes are 

expected to be non-hazardous wastes and will be disposed in the on-site landfill as trash.

4.4 INSTITUTIONAL CONTROL IMPLEMENTATION AND ASSURANCE PLAN

The overall objective of the institutional controls for the Project area is to prevent unintended 

disturbance of the soil cap and potential exposure to the underlying contaminated soil and fill 

materials. USM will prepare an ICIAP for the Project area that will include provisions for:

• Documenting the as-built construction and limits of the Project area soil cap;

• Prohibiting disturbance or excavation into the capped area except if necessary to maintain 

the cap or install underground utilities within the capped area;

• Procedures for any excavation within the capped area and requirements for managing fill 

removed from beneath the cap and re-construction of the soil cap; and

• Posting warning signs around the perimeter of the soil-capped Project area.

USM will submit the draft ICIAP to EPA concurrently with the draft ditch abandonment, 

consolidation and capping plan (design deliverable) consistent with the schedule presented in 

Section 5.0.

4.5 SEMI-ANNUAL REPORTS

On or before January 31st and July 31st of each year, and continuing until termination of the AOC 

pursuant to Section XVII (Termination and Satisfaction), USM will submit a report for the 

Project for the preceding six months that will include:

a. the status of any construction or compliance measures;

b. completion of milestones;

c. problems encountered or anticipated, together with implemented or proposed solutions;

d. status of permit applications;

e. reports to state agencies;

f. operation and maintenance difficulties or concerns;

g. a description of any non-compliance with the requirements of the AOC and an 

explanation of the violation's likely cause and of the remedial steps taken, or to be taken, 

to prevent or minimize such violation. If the cause of a violation cannot be fully 

explained at the time the report is due, USM will investigate the cause of the violation
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and submit an amendment to the report, including a full explanation of the cause of the 

violation, within thirty (30) days of the date USM becomes aware of the cause of the 

violation.

As required by AOC Paragraph 39, the semi-annual reports will be signed by a USM official and 

will include the following 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.”

4.6 CORRECTIVE MEASURES IMPLEMENTATION AND FINAL REPORTS

USM will prepare a Corrective Measure Implementation Report (CMIR) after the construction 

elements of the Project have been completed. The CMIR will include a summary of the 

construction of the corrective measures, including any modification(s) to the design and/or 

specifications, quality control and quality assurance documentation, confirmation sample 

analytical results, if required, and as-built drawings and photographs. The construction elements 

of the Project will be certified by the USM Engineering Lead (professional engineer [PE] 

registered in Utah) and/or a consulting PE registered in Utah if contracted for specific tasks or 

elements of the Project.

USM will submit the CMIR to EPA for review and approval. Upon EPA approval of the CMIR, 

it will be incorporated by reference into the Final Report that USM submits under paragraph 82 

of the AOC. After USM has maintained satisfactory compliance with the AOC for a period of 

five (5) years, USM may request that the EPA issue a determination that USM has met the 

requirements of the AOC. Within thirty (30) days after USM requests such a determination,

USM will submit to EPA the Final Report. At the time USM submits the Final Report, USM 

will document its compliance with the other conditions of paragraph 82 (continued compliance 

for five years and payment of any accrued stipulated penalties) for EPA to issue a determination 

that USM has met the requirements of the AOC.
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Figure 4. Soil Gas Probe Locations for Soil Vapor Assessment
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5.0 PROJECT SCHEDULE

The preliminary schedule for completing the design and implementing the Project is presented 

on Figure 5. The preliminary schedule is consistent with the AOC Appendix 2 SOW. The 

preliminary schedule for the Project will be updated with actual dates for completed tasks and 

projected dates for completion of in-progress tasks. The updated schedules will be submitted to 

EPA with the semi-annual reports described in Section 4.5.
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Figure 5. Preliminary Project Schedule for the RCRA Carve-Out Cleanup Project
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Figure 5. Preliminary Project Schedule for the RCRA Carve-Out Cleanup Project

ID Task
V Mode

Duration Start
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Comments and 
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EPA Approval of Final 15 days Sat 5/12/18 Sat 5/26/18 
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Figure 5. Preliminary Project Schedule for the RCRA Carve-Out Cleanup Project

Task
Mode

Duration Start Finish
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Soil Vapor Mitigation
Plan

Task rProject Summary L Deadline

Progress

Manual Progress
Project: US Mag AOC Schedule

Split

A. Inactive MilestoneMilestone ▼

Summary ' i Inactive Summary ? 5 Manual Summary 1 1 External Milestone



Figure 5. Preliminary Project Schedule for the RCRA Carve-Out Cleanup Project
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ALS Environmental - Salt Lake City 

Detection Limits / Control Limits

Method: EPATO-15
Matrix: Air

Detection Limits Control Limits

Historical/Performance

Compound CAS Number MDL RL Units LCL |UCL |RPD

Dichlorodifluoromethane 75-71-8 0.15 0.5 PPb

Methyl chloride 74-87-3 0.15 0.5 Ppb

Freon 114 76-14-2 0.15 0.5 ppb

Vinyl chloride 75-01-4 0.15 0.5 ppb

1,3-Butadiene 106-99-0 0.15 0.5 ppb

Bromomethane 74-83-9 0.15 0.5 ppb

Ethyl chloride 75-00-3 0.15 0.5 ppb

Freon 11 75-69-4 0.15 0.5 ppb

Freon 113 76-13-1 0.15 0.5 ppb

1,1-Dichloroethene 75-35-4 0.15 0.5 ppb

Acetone 67-64-1 0.3 1 ppb

Carbon disulfide 75-15-0 0.15 0.5 ppb

Methylene chloride 75-09-2 0.15 0.5 ppb

trans-1,2-Dichloroethene 156-60-5 0.15 0.5 ppb

Methyl t-butyl ether 1634-04-4 0.15 0.5 ppb

Vinyl acetate 108-05-4 0.2 0.5 ppb

Methyl ethyl ketone 78-93-3 0.15 0.5 ppb

cis-1,2-Dichloroethene 156-59-2 0.15 0.5 ppb 4
1,1-Dichloroethane 75-34-3 0.15 0.5 ppb

Ethyl acetate 141-78-6 0.3 1 ppb

n-Hexane 110-54-3 0.15 0.5 ppb

Chloroform 67-66-3 0.15 0.5 ppb

Tetrahydrofuran 109-99-9 0.15 0.5 ppb

1,2-Dichloroethane 107-06-2 0.15 0.5 ppb

1,1,1-Trichloroethane 71-55-6 0.15 0.5 ppb

Carbon tetrachloride 56-23-5 0.15 0.5 ppb

Benzene 71-43-2 0.15 0.5 ppb

Cyclohexane 110-82-7 0.15 0.5 ppb

Trichloroethene 79-01-6 0.15 0.5 ppb

1,2-Dichloropropane 78-87-5 0.15 0.5 ppb

Bromodichloromethane 75-27-4 0.15 0.5 ppb

Heptane 142-82-5 0.15 0.5 ppb

cis-1,3-Dichloropropene 10061-01-5 0.15 0.5 ppb

Methyl isobutyl ketone 108-10-1 0.15 0.5 ppb

trans-1,3-Dichloropropene 10061-02-6 0.15 0.5 ppb

1,1,2-Trichloroethane 79-00-5 0.15 0.5 ppb

Toluene 108-88-3 0.15 0.5 ppb

2-Hexanone 591-78-6 0.32 1 ppb

ADDRESS 960 West LeVoy Drive, Salt Lake City, Utah, 84123 USA PHONE +1 801 266 7700 FAX +1 801 268 9992 

ALS GROUP USA, CORP. Part of the ALS Group An ALS Limited Company

Enulronmental 3^ www.alsglobal.com
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ALS Environmental - Salt Lake City 

Detection Limits / Control Limits

Method: EPATO-15
Matrix: Air

Detection Limits Control Limits

H isto rica l/Perfo rmance

Compound CAS Number MDL RL Units ICL [UCL | RPD

Tetrachloroethene 127-18-4 0.15 0.5 ppb

Dibromochloromethane 124-48-1 0.15 0.5 ppb

1,2-Dibromoethane 106-93-4 0.15 0.5 ppb

Chlorobenzene 108-90-7 0.15 0.5 ppb

Ethyl benzene 100-41-4 0.15 0.5 ppb

m,p-Xylene 179601-23-1 0.15 0.5 ppb

o-Xylene 95-47-6 0.15 0.5 ppb

Styrene 100-42-5 0.3 1 ppb

Bromoform 75-25-2 0.3 1 ppb

1,1,2,2-Tetrachloroethane 79-34-5 0.15 0.5 ppb

4-Ethyl toluene 622-96-8 0.3 1 ppb

1,3,5-Trimethylbenzene 108-67-8 0.3 1 ppb

1,2,4-Trimethyl benzene 95-63-6 0.3 1 ppb

1,3-Dichlorobenzene 541-73-1 0.3 1 ppb

1,4-Dichlorobenzene 106-46-7 0.3 1 ppb

Benzyl chloride 100-44-7 0.37 1 ppb

g^-Dichlorobenzene 95-50-1 0.3 1 ppb

B4-Trichlorobenzene 120-82-1 0.42 1 ppb

Hexachloro-1,3-butadiene 87-68-3 0.3 1 ppb
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DRAFT OUTLINE
CONSTRUCTION QUALITY ASSURANCE PLAN 
GROUNDWATER DISCHARGE PERMIT 
US MAGNESIUM, ROWLEY, UTAH

Note: 'Bentonite' as it appears in this document is only a placeholder. Slurry wall materials will be 
determined as part of the compatibility study (See Appendix F).
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Stantec

To: Rob Hartman (US Magnesium) From: Jim Finley, PhD (Stantec)

CC: Susan Eyzaguirre (Stantec) Date: 12/15/2017

Reference: US Magnesium Groundwater Discharge Permit Application - Geochemical
Evaluation of Sediments Beneath the CWP

1.0 INTRODUCTION

US Magnesium LLC’s (USM) current waste pond (CWP) receives low pH wastewater via three 
unlined ditches (Western, Central and Chlorine Ditches) that converge into the Main Ditch, 
which deposits wastewater midway through the CWP. For the purposes of this study the CWP 
has been divided into the Northwestern Waste Pond (NWP) and the Southeastern Waste Pond 
(SEP), where the Main Ditch serves as the dividing line. The sediments underlying the waste pond 
are composed of silty clays, clays and oolites which contain varying amounts of carbonate. The 
carbonate portion of these materials react with the low-pH waste water, neutralizing the acidity 
of the wastewater. By-products of the chemical reaction are proportional between carbonate 
alkalinity and CC2(g), depending on the final pH. This reaction between waste solution and 
sediments was previously predicted during geochemical analysis of sediments collected as part 
of an assessment of a proposed waste pond northwest of the plant (MWH, 2015). Additionally, 
there are dissolution features (i.e. sink holes, piping, off-gassing) associated with the existing 
waste ponds that are consistent with geochemical reaction between the waste solution and 
carbonate-rich underlying sediments (ERM, 2016).

A drilling campaign in June, 2017 installed four groundwater monitoring wells and seven 
boreholes (See Appendix A of the Hydrogeological Report for details) (Stantec, 2017a). Five of 
the boreholes were drilled at a 45 degree angle in order to sample sediments beneath the 
waste ponds. Boreholes were advanced to a depth to intercept the spatially contiguous clay- 
rich layer that has been proposed as the effective bottom liner of the waste ponds. Sediment 
samples were collected every 5 feet during borehole drilling. A portion of the samples were 
submitted to the Utah State University Soils Laboratory for quantification of weight percent 
calcium carbonate in the sediments (See Appendix A of the Hydrogeological Report) (Stantec, 
2017a). Sediment samples collected within the clay-rich layer were submitted to The Mineral Lab 
laboratory for analysis by x-ray diffraction of clay mineralogy to understand the potential 
reactivity of clay minerals in contact with waste solution (See Appendix A of the 
Hydrogeological Report) (Stantec, 2017a).

A silty clay unit (the Deeper Silty Clay Unit, see Hydrogeological report for detailed description) is 
located beneath the current waste ponds, along with sand and silty sediment, as seen in Figures 
1 and 2. Clay layers can act as barriers to passage of overlying substances; however, in the 
current setting, consideration (and measurement) of the amount of carbonate present within 
the clay layer is necessary. A high concentration of calcium carbonate in the Deeper Silty Clay
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Unit could result in a large amount of void spaces should the waste solution come in contact 
and react with the layer. These void spaces could enable seepage of the wastewater from the 
containing ponds, limiting the effectiveness of the Deeper Silty Clay Unit. The objective of this 
report is to present results from the laboratory analyses of calcium carbonate content in and 
above the confining Deeper Silty Clay Unit, and the mineralogy of the Deeper Silty Clay Unit with 
the purpose of predicting the remaining buffering capacity of the sediments underlying the 
CWP.

This analysis focuses on the remaining buffering capacity of the CWP and does not address the 
buffering capacity beneath the proposed retrofitted wastewater pond (RWP) as carbonate 
analysis of the sediments in the RWP are not available. Expansion of the CWP will likely result in a 
significant increase in buffering capacity since wastewater inflows (i.e. acidity loading rates) will 
remain the same while the area of the RWP is more than double the CWP.

2.0 METHODS

In order to quantify the amount of calcium carbonate in the sediment under the CWP, samples 
from cores were collected every 5 feet and analyzed to determine the percent carbonate (as 
CaCOS) present. These cores were taken from six angled boreholes, four new vertical monitoring 
wells, and one vertical borehole.

For purposes of the analysis, the North waste pond group includes SB-3, SB-4, SB-5 and MW-21, 
while the South waste pond group consists of MW-21, MW-22B, MW-23, SB-2, SB-1, and SB-6. The 
core from SB-7 was excluded in these groupings because it is intended to represent baseline 
conditions and is purposefully located away from both waste ponds in an area unaffected by 
waste solutions. Using the equivalent vertical depth, converted from the reported angled depth, 
and the corresponding calcium carbonate percent, two plots were constructed to display the 
relationship between depth and carbonate content. The first plot is a compilation of all samples, 
while the other two plots are of the North and the South groups (Figure 3).

In order to further analyze the amount of calcium carbonate in the soil, Table 1 was created to 
relate the depths and peaks of carbonate concentrations for each well/borehole. The peak 
concentrations shown in Figure 3 correspond to zones of elevated carbonate content; therefore 
showing areas in the soil that could be more reactive with the low pFI waste solution. Table 1 
displays the average depth at which the peak carbonate content occurs and the associated 
average calcium carbonate percentage (in weight percent).

Tables 2 (North waste pond) and Table 3 (South waste pond) show the estimated total mass of 
calcium carbonate present in the underlying sediment, as well as the mass of carbonate in the 
Deeper Silty Clay Unit. For estimating the total mass of calcium carbonate beneath the North 
and South waste ponds, the evaporation area of the CWP at an elevation of 4214 feet above 
mean sea level was utilized; (1) North waste pond surface area is 111 acres and (2) South waste 
pond area is 174 acres. Finally, an estimate of the total mass of carbonate was calculated 
assuming a porosity of 30 percent and a soil bulk density of 1200 kg/m3. Table 4 shows the
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estimated neutralizing capacity of both the clay layer and the overlying sediments for the North 
and South ponds.

Acidity loading rate due to waste water flows from the main ditch entering the current waste 
pond (CWP) was calculated utilizing 2013 flow data from the client (US MAG 2013) and field pH 
measurements collected during a July 2015 groundwater sampling event performed by ERM 
(ERM 2016) and a July 2017 sampling event conducted by Stantec. Samples of materials from 
the clay layer were submitted to The Mineral Lab in Golden, Colorado for mineral analysis by x- 
ray diffraction (XRD). The focus of the mineralogical evaluation is the clay materials in the 
Deeper Silty Clay Unit that would act as the lower hydraulic barrier if a vertical hydraulic barrier 
wall is installed. The shallowest sample analyzed was from a depth of 32 feet (SB-5) and the 
deepest material tested was from a depth of 46 feet (SB-2). While clay mineralogy is the focus, 
the analysis also provided information about the bulk mineralogy, which is useful in identifying 
potentially reactive mineral phases in the Deeper Silty Clay Unit. The laboratory report for the 
XRD analysis is included for reference as Appendix A of the Hydrogeological Report (Stantec, 
2017a).

s............. 12/15/2017

3.0 RESULTS

The plots of the North and South waste ponds show that the cores within each group follow 
similar trends (Figures 1 & 2). While the cores were not all taken from the same location, they 
show similar relationships between depth and calcium carbonate concentration, indicating that 
the sediment under the ponds is somewhat uniform spatially. However, both MW-21 and MW-23 
display less carbonate content than the other locations; likely a result of being located farther 
from the active waste ponds (compared to the soil boring locations on the pond 
embankments). In order to be conservative, the calcium carbonate results from these borings 
were not used on this evaluation.

Results from the Northwest waste pond group indicate a peak in calcium carbonate percent at 
an average depth of 7.1 feet with an average carbonate content of 69.1 wt%. There is a smaller 
peak at around 32 feet with an average carbonate content of 40.7%. The South group results 
show two distinct peaks at an average depth of 4.3 feet and 15.5 feet with average carbonate 
content of 72.3 and 74.2 wt%, respectively. These peaks show the depths where layers of highly 
reactive sediment occur. This is important in order to understand the amount of material that 
could dissolve if low pH waste solution contacts the material. In the Northwest waste pond 
group, the layer representing the large peak appears to be approximately 10 feet thick while 
the deeper layer is around 8 feet thick. The shallow layer in the Southeast waste pond sediment 
is around 1.5 to 2 feet thick while the deeper layer is approximately 5 feet thick.
Using the results from the carbonate content analysis, the assumptions about sediment porosity, 
bulk density, and surface area of the North and South ponds, estimates of the total mass of 
carbonate in the sediment underlying the ponds were calculated. The sediment column under 
the Northwest waste pond, but above the clay layer, contains approximately 1.4 billion kg of 
carbonate. The mass of carbonate in the clay layer beneath the Northwest waste pond is
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approximately 750 million kg. In the Southeast waste pond sediment, the total mass ot 
carbonate in the sediment column above the clay layer is approximately 3 billion kg and the 
estimated mass of carbonate in the clay layer is 3.4 billion kg.
For estimation of the annual acid loading rate, the following relationship was utilized to convert 
pH measurements into hydrogen ion (H+) activity in the waste solution (assuming for purposes of 
this calculation that activity equals concentration):

pH - -log([//+])

Where [H+] is the activity of the hydrogen ion in mol/L. For purposes of this calculation, the 
assumption is made that activity equals concentration. In order to properly account for the 
difference between activity and concentration in the high total dissolved solids waste solution, 
the concentrations of major cations and anions are needed for input to a geochemical model. 
This equation can be rearranged to solve for the concentration of hydrogen ions:

[H+] = 10~pH

The concentration of hydrogen ions are converted to equivalent CaCOs using the reaction of 
calcium carbonate to carbonic acid:

CaC03 + 2H+ Ca2+ + H2C03

This reaction indicates that for every two moles of H+ reacted, one mole of CaCOs is also 
consumed, and therefore the molar concentration of CaCOs is calculated as follows:

[CaC03] = 0.5 * [H+]

Molar and mass concentrations of H+ and CaCCh were calculated for five samples as shown in 
Table 4.

The most recent combined flow rates for waste water entering the CWP is 1,100 gallons per 
minute based on flows from the cut-throat flume (see Appendix D of the Discharge Control Plan 
for flow data) (Stantec, 2017b). The mass concentrations of H+ and CaCOs were utilized, along 
with the waste water flow rates, to calculate a mass loading rate (Mi) utilizing the following 
formulas:

Mi = [H*] * Qwaste 
M, = [CaC03] » Qwaste

Where:
Mi is the mass loading rate in mg/s
[H+] or [CaCOs] is the mass concentration in mg/L
Qwaste is the flow rate of the waste into the CWP in L/s

Results for the calculated mass loading rates are shown in Table 5.
Table 6 shows the low, average and high pH values of waste solution, the estimated annual 
loading rate of acid (as equivalent CaCOa), and neutralizing capacity (in years) of the
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underlying sediment and clay layer. In both cases, the pH ranges from 0-1.15, and the 
assumption was made that the mass loading of acid to the Northwest and Southeast areas of 
the CWP is an even split of the total acid loading. For the Northwest pond and at the current 
annual loading rates, the neutralization capacity of sediment above the Deeper Silty Clay Unit 
ranges from 25 to 350 years and the neutralization capacity of the clay ranges from 15 to 200 
years. For the Southeast CWP area, the neutralization capacity to the sediment above the 
Deeper Silty Clay Unit ranges from 55 to 800 years and the neutralization capacity of the Deeper 
Silty Clay Unit ranges from 60 to 900 years.

Results of the XRD analysis are separated into bulk and clay mineral categories. Within the bulk 
mineral category, there are minerals that are highly reactive (halite), reactive in contact with 
waste solution (calcite and aragonite), slightly reactive (e.g., dolomite), and minerals that are 
essentially inert (e.g., quartz, plagioclase feldspar, and K-feldspar) (Table 7). In the Northwest 
CWP area, the reactive carbonate content ranges from 12 to 43 wt%, which corresponds well 
with the other laboratory analysis. In the South pond area, reactive carbonates range from 11 to 
43 wt%, again with good correspondence with the other laboratory analysis. While dolomite is a 
carbonate mineral, the solubility of dolomite is much lower than the solubility of the reactive 
carbonates. Dolomite would likely act as a slower dissolving mineral when in contact with waste 
solution. The aluminosilicate minerals (quartz, plagioclase feldspar and K-spar) are probably 
inert, even in contact with low-pH waste solution and would therefore, serve as the 
interconnected framework of the lower boundary layer.

Clay minerals identified include mixed illite-mica, smectite, chlorite and kaolinite (Table 7). The 
mixed layer illite-mica is the most abundant of the clay minerals followed by smectite. Chlorite, 
kaolinite, and the fine-grained aluminosilicate clinoamphibole could be identified, by the XRD 
pattern, but were present in amounts too low to quantity. Thus, the main influences on clay 
properties and potential response to contact with waste solution are from illite-mica and 
smectite.

4.0 DISCUSSION

The results from the geochemical analysis completed on samples of sediment collected from 
below the Northwest and Southeast areas of the CWP indicate that roughly one-third of the 
sediment underlying the waste ponds is composed of calcium carbonate. This concentration of 
carbonate, along with the low pH waste that overlies it, results in a reactive geochemical system 
that has the potential to modify groundwater flow paths due to dissolution of the carbonate 
minerals. Based on the available information, there is more carbonate in the Southeast CWP 
area than in the Northwest CWP area, both in the sediments overlying the Deeper Silty Clay Unit 
and in the Deeper Silty Clay Unit itself. The higher carbonate content is probably due to the 
larger size of the Southeast CWP compared to the Northeast CWP, which have surface areas of 
174 acres and 111 acres, respectively. At the Northwest CWP, the sediment overlying the Deeper
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Silty Clay Unit contains twice as much carbonate as the clay layer. At the Southeast CWP, there 
is more carbonate in the Deeper Silty Clay Unit than in the sediment overlying it.

The neutralization capacity of the soils beneath the two waste pond areas differs greatly. While 
the wastewater pH varies from 0 to 1.15, the soil buffering capacify varies by hundreds of years. 
This indicates that a slight change in the pH of the system could change the duration of the 
neutralization capacity of the underlying sediment. This is particularly relevant in reference to the 
source of the measured pH values. The lowest measured pH value (pH = 0.00) was measured 
directly from the waste stream while measurements of pond waters, which are more 
representative of water interacting with sediments, were higher (pH = 0.76 to 1.15). This indicates 
that the low and even average pH values utilized for this assessment result in conservative 
estimates of remaining buffering capacity.

Stratigraphic and spatial variability beneath the site are evident in the analysis results. For the 
Northwest CWP, the neutralization capacity of the sediments above the Deeper Silty Clay Unit is 
approximately twice as long as that of the Deeper Silty Clay Unit itself. For the Southeast CWP, 
the neutralizing capacity of the sediment above the Deeper Silty Clay Unit and the Deeper Silty 
Clay Unit itself are very similar; however, the buffering capacity of the Deeper Silty Clay Unit is 
slightly greater than that of the overlying sediments.

The high amount of calcium carbonate in the sediment indicates that while the waste solution is 
currently contained, prolonged interaction between the two will result in dissolution, potentially 
leading to seepage of the wastewater. Thirty percent (by weight) of the underlying material is 
made of calcium carbonate that, when it reacts with low pH waste solution, could result in voids 
that will alter groundwater flow. While dissolution of the sediment above the clay has no effect 
on the waste containment fora vertical hydraulic barrier wall groundwater discharge control 
system that is keyed into the clay layer, the presence of carbonate in the Deeper Silty Clay Unit 
could alter the barrier properties if waste solution were to contact the Deeper Silty Clay Unit. 
However, based on the analysis presented in this report, migration of unreacted waste solution 
to the depth of the clay layer is unlikely to occur for decades to hundreds of years.
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TABLES
Table 1: Depths of Peak Carbonate Concentrations for North and South Waste Ponds

North Waste Pond Boreholes

Sample
Peak depth 

Jft]___

Calcium
Carbonate
%

Secondary 
peak 
depth (ft)

Calcium
Carbonate %

SB-3 10.6 65.6 31.8 45.2
SB-4 3.5 71.8 28.3 42.7
SB-5 7.1 70.0 35.4 34.1
Average 7.1 69.1 31.8 40.7

South Waste Pond Boreholes

Sample
Peak Depth 
(ft)

Calcium
Carbonate
%

Secondary 
peak 
depth (ft)

Calcium
Carbonate %

SB-1 5 81.7 15.0 74.3
SB-2 3.5 79.3 17.7 70.0
SB-6 3.5 53.9 14.1 68.1
MW-22B 5 74.3 15.0 84.2
Average 4.3 72.3 15.5 74.2

Table 2 Calculated Mass of Carbonate in North Waste Pond Area

True
Depth
(ft
bgs)

SB-3
Calcium
Carbonate
%

SB-4
Calcium
Carbonate
%

SB-5
Calcium
Carbonate
%

Average 
Calcium 
Carbonate %

Mass of
CaCOs
(kg)

Total Mass of 
CaCOs in
Clay
(kg)

Total Mass of 
CaCOs 
above clay 
(kg)

3.5 18.6 71.8 23.5 38.0
220,903,098 750,350,196 1,375,842,119

7.1 18.6 46.4 70.0 45.0
261,722,148

10.6 65.6 15.5 29.1 36.7
213,699,736

14.1 45.2 18.0 39.6 34.3
199,293,012

17.7 14.9 10.5 16.1 13.8
80,437,541

21.2 21.7 15.5 9.9 15.7
91,242,584

24.7 21.7 32.2 9.3 21.1
122,457,152

28.3 23.5 42.7 29.7 32.0
186,086,848

31.8 45.2 41.5 31.0 39.2
228,106,459

35.4 11.8 34.1 22.9
133,262,195

38.9 31.0 31.0
180,084,047

42.4 35.9 35.9
208,897,494
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Table 3 Calculated Mass of Carbonate in South Waste Pond Area

Depth 
(ft bps)

SB-2
CaCOs
%

SB-6
CaCOs
%

Average 
CaCOs % Mass of CaCOs (kg)

Total Mass of
CaCOs in Clay (kg)

Total Mass of
CaCOs above clay 
(kg)

3.5 79.3 53.9 66.6
605,590,327 3,369,217,966 3,055,606,772

7.1 27.2 19.8 23.5
214,069,139

10.6 18.0 67.5 42.7
388,704,489

14.1 69.3 68.1 68.7
625,307,221

17.7 70.0 16.1 43.0
391,521,188

21.2 29.7 18.6 24.1
219,702,537

24.7 19.8 20.4 20.1
183,085,448

28.3 20.4 8.7 14.6
132,384,862

31.8 20.4 32.2 26.3
239,419,432

35.4 30.3 34.1 32.2
292,936,716

38.9 34.1 36.5 35.3
321,103,708

42.4 21.7 21.7
197,168,944

46.0 34.7 34.7
315,470,310

Depth
(ft)

M22-B
CaCOs
%

SB-1
CaCOs
%

Average 
CaCOs% Mass of CaCOS (kg)

5 74.3 81.7 78.0
1,003,798,470

10 21.7 21.1 21.4
275,036,825

15 84.2 74.3 79.3
1,019,686,318

20 16.7 29.7 23.2
298,638,555

25 15.5 26.0 20.8
267,018,213

30 18 20.4 19.2
247,250,520

35 11.8 13.0 12.4
159,563,623

40 31 32.8 31.9
410,550,585

45 27.9 34.1 31.0
398,574,450

50 39 40.9 39.9
513,800,681

55 42.1 42.1
541,676,614

60 42.1 42.1
541,676,614

65 56.3 56.3
724,379,889
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Table 4 Field pH Measurements and Calculated Concentrations of H+and CaCOs
Location Sample

Date
pH [H+]

(mol/L)

[H+]

(mg/L)

[CaC03]

(mol/L)

[CaCOs]

(mg/L)

Main Ditch July 2017 0.00 l 10007.9 0.5 50,043

PRI1-008 July2015 0.78 0.166 167.3 0.0830 8,305

PRI1-003 July2015 0.27 0.537 541.3 0.269 26,874

PRI1-006 July2015 1.15 0.0708 71.4 0.0354 3,543

PRI 1-007 July2015 0.76 0.174 175.2 0.0869 8,696

Average 0.59 0.256 257.9 0.128 12,803

Table 5H+ and CaCCb Mass Loading Rates
Location pH H+ Mass

Loading Rate 
(mg/s)

H+ Mass 
Loading Rate 
(kg/yr)

CaCOs 
Loading Rate 
(mg/s)

CaCOs
Loading
Rate (kg/yr)

Main
Ditch

0.00 6.99E+04 2.21 E+06 3.47E+06 1.10E+08

PRI 1-008 0.78 1.16E+04 3.66E+05 5.76E+05 1.82E+07

PRI 1-003 0.27 3.76E+04 1.18E+06 1.87E+06 5.88E+07

PRI1-006 1.15 4.95E+03 1.56E+05 2.46E+05 7.75E+06

PRI 1-007 0.76 1.22E+04 3.83E+05 6.04E+05 1.90E+07

Average 0.59 1.79E+04 5.64E+05 8.89E+05 2.80E+07

US Magnesium Groundwater Discharge Permit Application - Geochemical Evaluation of Sediments Beneath the
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Table 6 Loading rate and neutralization capacity

pH

H+ Loading
Rate
(kg/yr)

CaCOs 
Loading Rate 
(kg
CaCOs/yr)

Low pH 0.00 2.21 E+06 1.10E+08

Average pH 0.59 5.64E+05 2.80E+07

High pH 1.15 1.56E+05 7.75E+06

North Waste Pond

pH

Acid
Loading Rate 
(kg CaCOa/yr)

Neutralizatio 
n capacity to 
clay layer 
(yQ

Neutralization 
capacity of 
clay layer
(yr)

Low pH 0.00 1.10E+08 25 15
Avg. pH 0.59 2.80E+07 100 55
High pH 1.15 7.75E+06 350 200
South Waste Pond
Low pH 0.00 1.10E+08 55 60
Avg. pH 0.59 2.80E+07 220 240
High pH 1.15 7.75E+06 800 900
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Table 7: X-Ray Diffraction Results

Quartz Calcite Aragonite Clinoamphibole Unidentified

Location

Depth 
(ft bgs)

Si02 CaCOs CaCOa
<4 (Na,K)(Ca,Na)2(Mg,Fe,AI)5(Si,

AI)8022(0H,F)2

MW-21 40 19 13 12 <1 <5

MW-21 45 10 14 29 - <5

MW-22B 40 16 11 13 - <5

MW-22B 50 14 14 23 <2 <5

MW-23 40 22 12 5 <3 <5

MW-23 50 13 13 26 <2 <5

SB-1 40 15 15 16 <2 <5

SB-1 45 16 13 11 <2 <5

SB-2 42 30 11 -
<2 <5

SB-2 46 9 13 18 - <5

SB-3 39 22 11 8 <3 <5

SB-3 42 10 16 18 <2 <5

SB-4 40 14 15 20 <2 <5

SB-4 45 14 15 25 <2 <5

SB-5 32 24 12 <5 - <5

SB-5 35 19 14 13 <2 <5

SB-6 35 19 11 6 <2 <5

SB-6 39 15 17 15 <2 <5

SB-7 30 24 22 -
<2 <5

SB-7 35 23 18 6 <2 <5

US Magnesium Groundwater Discharge Permit Applicatior





Q Stantec

FIGURES

US Magnesium Groundwater Discharge Permit Application - Geochemical Evaluation of Sediments Beneath the
CWP 13 of 15



5 m i 
a <

 u
 n

 s 
11

 n
 t 

h

a Stantec
12/15/2017

Figure 2 Southwest to northeast cross-section (ERM, 2016)
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Figure 3: Depth profiles of carbonate content for all boreholes (a), North waste pond boreholes
(b), and South waste pond boreholes (c)
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To: Rob Flartman (US Magnesium) From: Alexander Edstrom PE, MSc (Stantec);Paul
Elaby, PhD (Stantec)

CC: Susan Eyzaguirre PE, PC, PMP 
Project Manager (Stantec)

Date: 12/12/2017

Reference: US Magnesium Groundwater Discharge Permit Application - Water Balance
Model and Results

1.0 INTRODUCTION

This technical memorandum presents the water balance modeling and analysis used to support 
US Magnesium's Groundwater Discharge Control Plan which is a component of US Magnesium’s 
Utah Groundwater Discharge Permit application. The water balance model was used to 
simulate potential water levels within a proposed new expanded and retrofitted waste pond 
(RWP) to be constructed within the footprints of the Current Waste Pond (CWP) and Old Waste 
Pond (OWP) as described in the US Magnesium Groundwater Discharge Control Plan (Stantec, 
2017). Some of the assumptions within the model were conservative to evaluate maximum 
potential water levels. The results show that maximum water levels within the pond are not likely 
to exceed the proposed pond crest elevation of 4220 feet above mean sea level (ft amsl).

The Groundwater Discharge Control Plan (Stantec, 2017) outlines proposed plans to retrofit the 
CWP and OWP. These areas have been impacted by past US Magnesium facility (Facility) 
operations. Under the Groundwater Discharge Control Plan for the GWDP, Facility wastewater 
will be isolated and contained within the CWP and OWP footprints by installing a proposed 
vertical hydraulic barrier wall (barrier wall). The barrier wall will restrict the lateral flow of 
groundwater in the Upper Aquifer Zone of the regional shallow aquifer directly under the 
proposed RWP area. Vertical flow to the Lower Aquifer Zone of the regional shallow aquifer will 
be restricted by the in-place low permeability clay unit (Deeper Silty Clay Unit) located between 
the Upper and Lower Aquifer Zones. The Deeper Silty Clay Unit is encountered approximately 35- 
45 feet below ground surface in the areas of the CWP and OWP. Through this proposed design, 
only minimal vertical seepage will pass through the Deeper Silty Clay Unit as outlined in the 
Groundwater Discharge Control Plan.

Two possible configurations for the proposed barrier wall have been considered. One 
configuration would include a west barrier wall, while the second option would not have a west 
barrier wall. The configuration without a west barrier wall would leave the west (upgradient) side 
of the RWP open to groundwater inflow and surface water run-on from the west upland area.
This water balance analysis assumes no west barrier wall. The absence of a west barrier wall 
increases the total potential run-on area to the west of the CWP. Therefore, evaluating the water 
balance without the west barrier wall is more conservative.

US Magnesium Groundwater Discharge Permit Application - Water Balance Model and
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Primary inflows to the proposed wastewater storage area include wastewater flows produced 
by US Magnesium operations, a separate gypsum slurry discharge which outflows on the gypsum 
stack (here-on called gypsum slurry water), and incidental stormwater that reports to the CWP 
and OWP. The results of this analysis show that the no west barrier wall option will provide 
sufficient evaporative capacity to contain discharges from the US Magnesium process facility 
and incidental stormwater based on the data and assumptions described within this 
memorandum. Although not explicitly modeled, the less conservative west barrier wall option 
which would receive less water from precipitation run-on would also support the proposed 
design.

This memorandum discusses the technical details and results of the water balance model and is 
divided into the following sections:

1. Introduction

2. Conceptual water balance model

3. Computational water balance model and input data

4. Results

5. Conclusions

6. References

US Magnesium Groundwater Discharge Permit Application - Water Balance Model and
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2.0 CONCEPTUAL WATER BALANCE MODEL

The water balance model simulates water levels in the RWP, in the areas of the CWP and OWP, 
as a function of direct rainfall and rainfall runoff, wastewater inflow, gypsum slurry water inflow, 
and water lost to evaporation from pond surfaces. The proposed barrier wall will be tied into the 
Deeper Silty Clay Unit located approximately 35-45 feet below ground surface in the area of the 
CWP and OWP. The barrier wall will restrict lateral groundwater migration and the Deeper Silty 
Clay Unit will limit vertical flux to the Lower Aquifer Zone. Therefore, evaporation is the only 
assumed loss for the model. Figure 1 shows a conceptual model of the water balance used in 
the evaluation of the Groundwater Discharge Control Plan.

Direct 
Rainfall and 
Runoff

Direct
Rainfall

Evap from 
Pond Surface

Evap from 
Pond Surface

Process Waste 
Water and 
Gypsum Slurry 
Water

Figure 1 - Water Balance Conceptual Model

The primary inflows to the water balance model were:

• Process wastewater (minus gypsum slurry water) from US Magnesium facilities

• Gypsum slurry water produced by the US Magnesium operation

• Direct rainfall and stormwater runoff into the CWP

• Direct rainfall within the OWP embankments.

The only outflow from the water balance model was evaporation. As the volume of water stored 
in the CWP or OWP increases, so does the surface area of that pond. As the surface area

US Magnesium Groundwater Discharge Permit Application - Water Balance Model and
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increases, the calculated evaporation from the surface of the pond also increases. Therefore, 
the evaporation from the pond surfaces balances the various inflows.

As shown in the conceptual model, a hydraulic connection between the CWP and OWP was 
assumed at an invert elevation of 4214 feet above mean sea level (ft amsl). This connection 
represents the recently installed overflow connector piping discussed in the Groundwater 
Discharge Control Plan (Stantec, 2017). There are four potential scenarios depending on the 
water levels in the ponds:

1. The water levels of the CWP or OWP are below 4214 ft amsl. In this condition, water levels 
raise or lower independently of each other. That is, the ponds are not hydraulically 
connected. In this scenario, the water volume in each pond is a function of local inflow 
and evaporation.

2. The water level in the CWP is at 4214 ft amsl, but the water in the OWP is below 4214 ft 
amsl. In this condition, any additional water to the CWP is freely passed into the OWP.

3. The water level in the OWP is at 4214 ft amsl, but the water in the CWP is below 4214 ft 
amsl any additional water gained by the OWP is freely passed into the CWP. This scenario 
is not expected to occur often, but may occur during significant precipitation events or if 
the plant were to shut down. A plant shutdown condition was not modeled at this time.

4. The water levels in the CWP and OWP are both above 4214 ft amsl. In this condition, the 
ponds are hydraulically linked and are assumed to raise and lower together. This 
simplification assumes that wastewater and gypsum slurry flow initially reporting to the 
CWP are also available at the OWP without any delay.

The conceptual water balance model provided the model framework to build the 
mathematical water balance. The dynamic conditions described in this section were built into 
the mathematical water balance described in the following section.

US Magnesium Groundwater Discharge Permit Application - Water Balance Model and
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3.0 COMPUTATIONAL WATER BALANCE MODEL AND INPUT 

DATA

This section describes the computational water balance model and input data used to evaluate 
potential water levels under the proposed Groundwater Discharge Control Plan. Model 
calculations and results were produced using GoldSim version 11.1.7 (GoldSim Technology 
Group, LLC). GoldSim is an industry standard software used to evaluate dynamic systems with 
feedback responses. A screen capture of the GoldSim model is shown on Figure 2. The model 
represents the same processes described by the conceptual model in Section 2. Each element 
represents an input, lookup table, or equation used to mathematically simulate the water level 
in both ponds over time.

Figure 2 - GoldSim Model Used to Calculate Simulated Water Levels

As stated in Section 2, the primary inflows to the model are from wastewater, gypsum slurry 
water, and precipitation both as direct precipitation and runoff into the CWP and OWP. The only 
modeled outflow was evaporation. The pond water levels were calculated using stage-area- 
storage relationships to simulate pond changes. Input data used in the simulations are described 
in more detail in the following sections.
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3.1 WASTEWATER AND GYPSUM SLURRY WATER FLOWS

Flow rates for the wastewater ditches and the gypsum slurry water were provided by US 
Magnesium. Wastewater flows from the plant are currently discharged to a series of collection 
ditches. These ditches are currently unlined; however, US Magnesium is planning to transport 
future wastewater in-pipe until water is discharged at the CWP (the closure of the unlined 
ditches is part of the RCRA Carve-Out Cleanup. An overview of this work is given in the 
Groundwater Discharge Control Plan). Gypsum slurry water is currently transported via pipe to 
the gypsum stack, where water is freely discharged from the pipes onto the existing gypsum pile.

To estimate potential wastewater discharges under future operations, US Magnesium installed a 
Cutthroat flume to measure flow rates for combined wastewater and stormwater runoff from the 
plant area reporting to the main wastewater collection ditch (Main Ditch). Flows were collected 
between August 15, 2017 and November 19, 2017 (Figure 3). The average flow for this period 
was 930 gallons per minute (gpm). For conservatism, this value was rounded up to 950 gpm.

2500
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1500

1000

500

0
8/15 8/22 8/29 9/5 9/12 9/19 9/26 10/3 10/10 10/17 10/24 10/31 11/7 11/14 11/21

Observed Flow Avg. Flow ---------- Day with Rain

Figure 3 - Wastewater flow rates measured by the US Magnesium Cutthroat flume

The use of a flume to estimate future wastewater rates from the plant introduces some 
uncertainty. Some of those uncertainties are:

1. The flows measured at the pipe are not the direct outflows from the wastewater 
producing facilities.

2. Wastewater is transported in unlined ditches. These ditches are expected to lose some 
flow between where wastewater enters the unlined ditches and where flow is measured 
at the flume. Therefore, the flows measured at the flume may underestimate actual 
wastewater produced by US Magnesium operations. The true volume of wastewater 
produced at the plant is not measured at this time.
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3. The ditches also receive stormwater runoff from the plant area. US Magnesium provided 
stormwater delineations indicating the runoff area is approximately 57 acres. Figure 3 
shows periods of rainfall with respect to observed peak flow measurements. Days with 
observed precipitation are shown by the black dashed boxes labeled “day with rain.” 
Peaks occurring on a day with rainfall are assumed to coincide with stormwater runoff 
from the plant area.

4. The period of recorded data represents a relatively short period of time. Continued 
measurements at the flume may indicate increased or decreased average wastewater 
flow rates.

5. Changes in US Magnesium operations would influence wastewater flow rates. Changes 
could increase or decrease average wastewater discharge rates.

The other waste stream sent to the CWP is the free water from the gypsum slurry flow that is 
passed to the gypsum stack. The gypsum slurry water was modeled as a constant flow of 150 
gpm. This flow rate was estimated by US Magnesium based on the two underflows sent to the 
gypsum slurry line. These inflows are the calcium chloride system underflow and the desulfation 
system underflow. Both underflows are approximately 50 gpm. An additional 50 gpm is assumed 
for conservatism. Although the gypsum slurry contains dissolved solids and is not purely liquid 
flow, it was assumed that the 150 gpm flow rate from the discharge point is all free water. Similar 
to the wastewater flow rate, there is uncertainty around the future discharge rate of the gypsum 
slurry flow.

3.2 PRECIPITATION DATA AND ANALYSIS

The precipitation record used in the water balance was developed with the following goals:

1. The weather record should be as long as possible. In general, climate normal conditions 
are considered over a thirty-year period (for example, see 
https://www.ncdc.noaa.aov/news/definina-climate-normals-new-wavs).

2. The data should be observed on daily or sub-daily periods. Intense periods of 
precipitation may significantly increase the stored capacity of water within the CWP and 
OWP. Use of monthly precipitation records may artificially dampen these changes in 
simulated water levels.

3. The model should include a design storm to evaluate the proposed pond design against 
a period of maximum precipitation.

The criteria outlined above were used to develop a precipitation record, which is outlined in this 
section.

US Magnesium Groundwater Discharge Permit Application - Water Balance Model and
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US Magnesium specific precipitation data were only available on monthly intervals between 
May 2011 and March 2016 as reported by ERM (2016). The average total annual precipitation for 
this period of time was 7.27 inches per year using the available annual data (Table 1). Due to the 
short period of available record, the data was not used in the water balance.

Table 1 - Monthly and Annual Total Precipitation at US Magnesium (source - ERM, 2016)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Annual

(Inches)

2011 5.06 0.63 0.87 0.14 0.05 0.85 0.56 0.14

2012 0.95 0.26 0.06 0.45 0.69 0 0.52 0 1.2 1.05 0.67 0.97 6.82

2013 0.41 0.27 0 0.41 0.92 0 0.58 0.12 1.32 0.53 0.11 1.05 5.72

2014 0.41 0.29 0.69 0.68 0.37 0.33 0.87 1.355 2.0 0 0.5 0.14 7.66

2015 0.62 0.03 0.07 1.19 3.92 0.23 0.17 0.69 0.79 0.71 0.15 0.34 8.91

2016 0.8 0.1 1.43

Avg 0.64 0.19 0.45 0.68 2.19 0.24 0.60 0.46 1.07 0.63 0.40 0.53 7.27

The average total annual precipitation (January - December) from nearby weather stations with 
daily precipitation records is summarized in Table 2. The data for these weather stations were 
obtained from the National Oceanic and Atmospheric Administration (NOAA). Figure 4 shows 
the location, average precipitation, and elevation of these stations. The Utah Climate Center 
weather station database contained a number of additional weather stations; however, the 
stations available on the NOAA website typically had greater periods of record (10+ years) with 
continuous monitoring.

Table 2 - Summary of annual precipitation (Jan-Dec) records and statistics

Station ID Station Name
Total Station Period of 
Record

Years of 
Precip

mean
(in)

std

(in) 11

max
(in)

Elevation

(ft)

- US Magnesium 2011-05 to 2016-03 4 7.27 - 5.72 8.91 -4215

USC00420194 Antelope Island 1952-09-16 to 1972-08-31 21 14.34 4.98 2.52 21.73 4232.2

USC00427578 SaltairSalt Plant 1956-05-07 to 1991-08-31 36 11.60 4.32 4.87 22.19 4210.2

USC00423348 Grantsville 2 W 1906-01-01 to 2017-11-05 61 1 1.12 3.46 0.43 20.62 4550.1

US1UTSL0062 Magna 1.2 W 2010-07-21 to 2017-01-02 8 14.88 7.10 0.20 24.11 4375.2

USC00428771 Tooele 1896-03-01 to 2017-11-07 67 17.95 4.24 8.91 28.34 4944.1

USC00427052 Promontory 1981-10-01 to 1994-12-31 14 9.84 3.96 5.19 19.47 4215.1

USS0012J07S Mining Fork 1988-09-21 to 201 7-1 1-08 30 35.96 7.98 11.18 50.11 8221.5

US 1 UTS10061 West Valley City 2009-09-05 to 2017-11-06 9 16.49 5.28 4.65 22.85 4317.1

USC00421149 Callister Ranch 1967-05-01 to 1984-10-23 18 12.13 3.10 6.67 16.54 4262.3

USC00420506
Bear River
Refuge

1937-08-04 to 1984-02-29 35 12.10 4.73 1.24 27.45 4213.1

US Magnesium Groundwater Discharge Permit Application - Water Balance Model and
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Station ID Station Name
Total Station Period of 
Record

Years of 
Precip

mean
(in)

std

(in)

min

(in)
max
(in)

Elevation

(ft)

US1UTWB0001 West Haven 2.0 2008-07-01 to 2017-11-08 10 14.71 4.62 5.22 21.70 4239.1

USW00024127 SIC Int. Airport 1941-11-01 to 2017-11-08 70 15.59 3.43 8.72 24.30 4225.3

USC00428978 Utah Test Range 1989-09-01 to 2017-11-07 29 8.89 2.85 1.80 15.61 4440.2

Figure 4 - Annual Average precipitation values around Great Salt Lake
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From a review of the information shown in Table 2, stations at greater elevations (Mining Fork and 
Tooele) produced greater annual average precipitation. Stations located east of Great Salt 
Lake, near the Wasatch Mountains also received greater annual average precipitation 
compared to stations located west of Great Salt Lake. These trends reflect the dominate 
weather systems of the region, which generally move west to east and south to north. The 
Wasatch Mountains obstruct weather systems, causing orographic-induced precipitation as 
systems moving west to east pass over the mountains.

The Grantsville weather station was selected for use in the water balance. The average annual 
precipitation from the US Magnesium weather station was compared against the Grantsville 
station (Figure 5). For the limited data available at the US Magnesium specific weather station, 
the Grantsville station received more precipitation.

-i-----------1---------- 1----------- 1-----------1-----------1----------- 1-----------1----------
6 7 8 9 10 11 12 13 14

US Magnesium Annual Precipitation (in/year)

Figure 5 - Comparison of annual precipitation recorded at the US Magnesium and Grantsville 
weather stations between January 1,2012 and December 31, 2015
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The Grantsville weather station has 61 years of precipitation data with 95 percent data 
coverage (1,090 missing records out of 22436 total days). The raw annual total rainfall (January 
to December) is shown below on Figure 6. Missing precipitation record counts are shown on 
Figure 7 with the majority of those records occurring during a two-year period of record 
between Aug 1, 1997 and October 31, 1999 where no station information was available. These 
dates make up 823 of the total 1,090 missing precipitation records, 76 percent.
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Figure 6 - Raw precipitation record, annual precipitation (in/year, Jan 1 - Dec 31)
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Figure 7 - Missing data from the raw precipitation record, by year and cumulative

To develop a complete precipitation record, missing values from Aug 1, 1997 to October 31,1999 
were replaced with daily records from the maximum precipitation year. This was done to evaluate 
a potential design-storm type condition as specified at the beginning of the section. The maximum 
precipitation year was selected by calculating the rolling sum precipitation over a 365-day period. 
The rolling sum calculation evaluates the sum of the current day’s precipitation, plus the total 
precipitation over the previous 364 days. This calculation is made for every day, minus the first 364 
days in the record. The 365-day rolling precipitation record is shown on Figure 8.
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Figure 8 - 365 day rolling total precipitation at the Grantsville weather station

The maximum precipitation year began on August 21, 1982 and ended on August 21, 1983. The 
daily rainfall recorded over that period of time is shown on Figure 9. Day-of-the-year precipitation 
from the maximum precipitation year was inserted into the equivalent day-of-the-year between 
August 1, 1997 and October 31, 1999. For example, the missing precipitation for August 1 in years 
1997, 1998, and 1999 was replaced with the precipitation record of August 1, 1983. The adjusted 
annual precipitation record, for dates between January 1 and December 31. All other missing 
precipitation data not between August 1, 1997 and October 31, 1999 were assigned by linearly 
interpolating between observed values. The annual precipitation, after filling missing data, is 
shown on Figure 10. The adjusted daily values (Figure 11) were used in the water balance model 
to evaluate potential water levels. A comparison of the summary statistics for the raw and 
adjusted rainfall data are given in Table 3.

Figure 9 - Daily precipitation values recorded during the maximum precipitation at the 
Grantsville weather station
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Figure 10 - Adjusted annual precipitation based on Grantsville 2 weather station (Jan 1 - Dec 31)
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Figure 11 - Adjusted precipitation record, daily precipitation depths

Table 3 - Comparison of the raw and adjusted rainfall records for the Grantsville weather station

Station Name Station Condition
Years of 
Precip

mean
(in)

std

(in)

min

(in)
max
(in)

Grantsville 2 W Raw weather data 61 11.12 3.46 0.43 20.62

Grantsville 2 W Adjusted data 62 11.85 3.87 3.41 23.26

Using daily rainfall records from the maximum precipitation year adds conservatism to the 
analysis. The previous maximum annual precipitation increased from 20.62 to 23.26 inches. 
Comparing Figure 6 with Figure 10 shows that previously missing precipitation data becomes the 
highest precipitation years on record. This was done purposefully, to evaluate the model results 
under multiple high precipitation years. To determine the statistical likelihood that a given year 
would receive 23.26 inches of precipitation, the initial annual Grantsville precipitation depths 
were fit to a Pearson Type 3 statistical distribution (Figure 12). Similar statistical fits were obtained

US Magnesium Groundwater Discharge Permit Application - Water Balance Model and
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for the log-normal and general extreme value distributions, which are not shown below. The 
data fit is shown below and the fitting parameters are given in Table 4. The fitted distribution was 
then used to project to determine the expected return period of the new maximum annual 
precipitation shown on Figure 10 (23.26 inches).

Figure 12 - Fitted Pearson Type 3 distribution to observed annual precipitation at the Grantsville 
weather station

Table 4 - Fitting parameters for the Pearson Type 3 statistical distribution using the raw data from 
the Grantsville 2 weather station.

Distribution Mean Standard Deviation Skew

Pearson Type 3 11.427 3.057 0.572

Using the fitted distribution, an annual precipitation of 23.26 inches is equivalent to a 911 year 
event. That is, for any individual year, the likelihood of the precipitation exceeding 23.26 inches is 
approximately 0.1 percent. Over multiple years, the chances of the annual precipitation 
exceeding 23.26 inches increases. Rephrased, it is more likely for a 0.1 percent storm to occur if a 
storm that size has not been observed. As shown on Figure 13, there is a 10 percent chance of a 
23.26 inch precipitation event during a 100-year period. That is, if the proposed waste storage 
pond operated for 100-years, there is a 10 percent chance at least one year would receive 
23.26 inches of precipitation. If the Facility operates less than 100 years, the Facility is less likely to 
receive 23.26 inches of precipitation in an individual year.

US Magnesium Groundwater Discharge Permit Application - Water Balance Model and
Results 14 of 36



Q Stantec

12/12/2017

Design Event

-------- 911

Figure 13 - The likelihood a 911 -year precipitation event occurs as the design life of a Facility 
increases.

As outlined at the beginning of the section, the adjusted precipitation record has a long period 
of record with daily rainfall totals and was modified to include a design storm. The likelihood of 
observing the design storm event is approximately 0.1 percent in any given year and 
approximately 10 percent if the Facility remains in operation tor 100-years.

The adjusted precipitation record, as presented on Figure 10 and Figure 11 was used to evaluate 
future potential water levels at the US Magnesium Facility. For consistency, the dates of 1965 to 
2017 were used in the results; however, these results are assumed to also reflect potential future 
water levels.

3.3 DIRECT RAINFALL AND RUNOFF

The runoff area for the OWP will be equal to the area within the proposed barrier wall; therefore, 
it was assumed that all rainfall over the OWP would report to the pond instantly. The CWP has a 
total runoff area of approximafely 768 acres including up to 495 acres directly over the 
maximum pond footprint and a minimum area of 273 acres over land. It was assumed 100 
percent of precipitation over land and over the pond report to the CWP. No precipitation losses 
were assumed. The total rainfall contributing area is shown in Table 5. Note that although a west 
barrier wall has been considered for the site, no west-wall barrier was assumed for modeling. If 
the west barrier wall were required, the total run-on area would decrease. Direct rainfall and 
runoff areas for the CWP and OWP are shown on Figure 14.

Table 5 - Summary of runoff areas and runoff percent used in the water balance model

Runoff Area Area (ac) Percent Runoff

Minimum CWP Land Area 273 100

Maximum CWP Direct Precipitation Area 495 100

US Magnesium Groundwater Discharge Permit Application - Water Balance Model and
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Runoff Area Area (ac) Percent Runoff

CWP Total 768 100

OWP Total 607 100
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Figure 14 - CWP and OWP runoff areas
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3.4 EVAPORATION DATA AND ANALYSIS

3.4.1 Calculated Freshwater Evaporation Rates from Three Weather Stations

US Magnesium does not collect site specific pan evaporation rates. Therefore, it was necessary 
to calculate an assumed evaporation rate to use in the water balance. Calculated evaporation 
rates for the Eagle Range, Salt Lake City International Airport, and Brigham City weather stations 
were compared. The locations of these stations are shown on Figure 15. These weather station 
records were retrieved from the NCAA Local Climatological Database (LCD) or the NOAA 
United States Climate Resource Network (USCRN) database. These databases contain 
measurements every one hour or less for solar irradiance, wind speed, temperature, relative 
humidity and other factors useful in calculating robust evaporation estimates. A summary of the 
available data for each weather station is shown in Table 6. Despite being spread over multiple
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locations in the vicinity of Great Salt Lake, estimated annual evaporation rates were similar at 
each weather station.

Figure 15 - Location of weather stations with sub-daily measurements used to calculate 
evaporation rates compared to the location of US Magnesium

Table 6 - Summary of weather stations used to estimate freshwater evaporation rates

Weather
Station

Data
Source

Station
ID#

Sample

Frequency

Dates

Analyzed

Calculated Annual Fresh 
Water Evaporation 
(Jan-Dec, in/year)

Eagle
Range

NCAA
LCD

00480 1-hour
2014-07-31 12:58:00-

2017-07-06 03:58:00
47.2

Salt Lake 
City Inti. 
Airport

NCAA
LCD

24127 1-hour
1996-06-30 17:00:00-

2017-08-13 21:54:00
47.5

Brigham
City

NCAA
USCRN

04138 5-minutes
2012-06-11 12:05:00-

2017-07-07 21:00:00
46.1
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Initial freshwater evaporation rates were calculated using the Penman (1948) equation shown 
below.

XE
AH + p cp

(es(T)-e)

ra
A + y

Where:

p density of air (kg nr3)

cp specific heat of air at constant pressure (J kg'1 °C)

T air temperature (°C)

e vapor pressure of air (kPa)

es (T) saturation vapor pressure of water at temperature T 

A slope of the saturation vapor pressure curve (kPa °(/1)

y "constant" of the psychrometer equation (kPa “O1)

A latent heat of evaporation (J kg1)

E water vapour flux (kg nr2 s1)

H total available energy = Rn - G, i.e. the difference between the net radiation flux density and the

heat flux density into a water body

A number of incremenfal calculations are required prior to using the Penman equation. Those 
incremental calculations are not described here, but can be found in Jensen and Allen (2016), 
which was used to develop the calculations used in this technical memorandum. The approach 
outlined by Jensen and Allen (2016) is based on standard evaporation calculations that are also 
available from the Food and Agricultural Organization’s Technical Report No. 56 (FAO 56), which 
is an industry standard reference for the calculations of evaporation and evapotranspiration 
and is freely available online. FAO 56 is an excellent reference for daily calculations; however, 
Jensen and Allen (2016) also provide a number of sub-daily computations not found in FAO 56.

For the Brigham City weather station, wet bulb temperature was calculated using the equation 
outlined by Stull (2011). This equation was not required for evaporation estimates at Eagle Range 
or Salt Lake City, because the NOAA LCD datasets include wet bulb temperature directly. The 
NOAA USCRN datasets do not include a wet bulb temperature measurement, thus the Stull 
(2011) approximation was used.

3.4.2 Adjusting Freshwater Evaporation Rates for Salinity Concentrations

Evaporation rates from fresh water represent a potential maximum evaporation rate for a given 
water body; however, there are a number of factors that can reduce actual evaporation rates 
from a water surface. One of those factors is the salinity of a water body. As salinity increases, 
water molecules are less able to freely interact with the environment. Therefore, more energy is 
required for an equivalent amount of water to evaporate from a water body surface. Without 
additional energy, evaporation still occurs, but at a reduced rate.

To determine reduced evaporation rates as a function of salinity, evaporation calculations were 
performed using a modified version of the Penman Equation as described by Colder and Neal
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(1984). The equation is nearly identical to the Penman Equation with the addition of an activity 
term as shown below.

XE =
AH + p c.

( - 7aw(T0) )

ra

4 + /aw(To)

Where:

aw(To) activity of water in solution at temperature To (°C).

T0 surface temperature (°C; assumed to equal air temperature T)

The activity term represents the ionic composition of a solution on a scale from zero to one. A 
value of one represents activity in a solution that is equal to pure water, where the water 
molecules are free to interact with the environment. An activity of zero indicates that there is no 
free water to interact with the environment and all the water molecules are reacting with the 
environment. Increasing ionic concentrations, which is equivalent to increased salinity, causes 
more ionic bonding of free water molecule, reducing the activity of the water. Less active water 
results in less evaporation than more active water. For more technical discussions on the role of 
activity in geochemistry see, for example. White (2013).

To evaluate the potential range of activity coefficients, surface water samples collected by ERM 
(2016) were entered into a PHREEQC geochemical solution model (USGS, 2017). The locations of 
fhe surface samples that were analyzed are shown on Figure 16 below. The input data used for 
the geochemical modeling and the resulting activity coefficients are presented in Table 7. The 
Pitzer database was used to determine the thermodynamic relational states of each sample 
shown in Table 7. The results indicate that the activity of the surface water sampled near the 
wastewater ditches (PRI1), the southern portion of the CWP (PRI5), and the northern portion of 
the CWP (PRI6) have activity values of 0.95 or greater, indicating the surface water will behave 
similarly to freshwater. Using the modified Penman equation and a constant activity coefficient 
of 0.95 resulted in a minor reduction of annual average evaporation values. Each weather 
station, on average, had a less than 2 percent change in evaporation rates (Table 8).
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Figure 16 - Location of ERM surface water samples (Figure 5-1 in ERM 2016)

Table 7 - Surface water data from ERM (2016) used to evaluate potential water activity

Sample
Location

Input Data (Table 5-1; ERM 2016) Result

pH
Dissolved
Calcium Chloride

Dissolved
Potassium

Dissolved
Magnesium

Dissolved

Manganese

Dissolved
Sodium Sulfate

Activity
Coefficient

- md/l mg/L Mg/L Mg/L pg/L pg/L mg/L -

PRI1-003 0.27 280,000 37,000 54,000 1,600,000 530 1,000,000 1,300 0.969

PRI1 -006 1.15 1,500,000 22,000 92,000 4,300,000 550 1,400,000 2,200 0.983

PRI1-007 0.76 210,000 10,000 44,000 170,000 110 1,000,000 490 0.991

PRI 1-008 0.78 3,700,000 21,000 64,000 590,000 280 1,500,000 670 0.983

PRI1-009 1.09 2,700,000 14,000 87,000 1,200,000 260 1,700,000 550 0.989

PRI1-010 0.82 4,900,000 24,000 93,000 2,500,000 460 1,600,000 770 0.98

PRI1-01 1 1.25 4,300,000 20,000 100,000 2,300,000 510 1,600,000 470 0.985

PRI1-013 0.66 7,300,000 26,000 49,000 830,000 110 1,100,000 470 0.978
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Sample
Location

Input Data (Table 5-1; ERM 2016) Result

pH
Dissolved
Calcium Chloride

Dissolved
Potassium

Dissolved
Magnesium

Dissolved

Manganese

Dissolved
Sodium Sulfate

Activity
Coefficient

- mq/l mg/L pgA Mg/i- Mg/i Mg/L mg/L -

PRI1-014 2.99 810,000 9,700 72,000 1,400,000 830 1,500,000 1,100 0.993

PRI5-002 0.49 5,100,000 37,000 130,000 3,900,000 3,000 2,000,000 2,400 0.968

PRI5-008 0.51 6,200,000 39,000 170,000 4,100,000 3,300 2,600,000 2,500 0.966

PRI5-010 0.49 6,200,000 39,000 190,000 4,300,000 3,500 2,800,000 3,200 0.965

PRI5-017 0.41 7,200,000 45,000 230,000 4,700,000 4,300 3,400,000 3,500 0.959

PRI5-018 6 5,600,000 52,000 1,800,000 8,200,000 15,000 10,000,000 2,500 0.953

PRI5-019 7.76 210,000 6,100 150,000 140,000 15 3,700,000 680 0.994

PRI6-002 0.47 7,500,000 41,000 180,000 4,800,000 5,000 2,700,000 3,700 0.963

PRI6-004 0.42 8,000,000 43,000 170,000 4,900,000 5,100 2,600,000 3,400 0.961

PRI6-006 0.53 7,900,000 8.4 190,000 4,900,000 5,000 2,800,000 3,800 0.990

PRI6-008 0.43 7,900,000 42,000 180,000 5,000,000 4,700 2,800,000 3,400 0.961

PRI6-017 0.46 6,500,000 40,000 140,000 4,200,000 4,400 2,200,000 2,900 0.965

Table 8 - Changes to estimated annual evaporation rates with an activity coefficient of 0.95

Weather Station

Calculated Annual Fresh Water 
Evaporation (activity = 1) 

(Jan-Dec, in/year)

Calculated Water Evaporation 
from US Mag Surface Water 

(activity = 0.95) (Jan-Dec, in/year)
Percent

Difference

Eagle Range 47.2 46.6 1.3%

Salt Lake City
Inti. Airport

47.5 46.8 1.5%

Brigham City 46.1 45.4 1.5%

Due to the similar evaporation rates calculated for each weather station, the lowest predicted 
annual value of 45.4 inches per year (Brigham City) was chosen for use in the model for 
simulation of evaporation from the pond surfaces. The Brigham City 5-minute increment 
evaporation data were aggregated to average hourly and daily values. Average hourly data 
were used in the water balance model (Figure 17). Average daily evaporation rates, calculated 
from the 5-minute weather data, are shown on Figure 18 for reference.
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Figure 17 - Calculated average hourly evaporation rates with 0.95 activity coefficient

Figure 18 - Calculated average daily evaporation rates with 0.95 activity coefficient

The annual average evaporation rate 45 inches per year represents an approximation using 
weather station data from the Brigham City weather station and water samples collected by 
ERM (2016). As with other variables in the water balance, future evaporation rates could 
increase or decrease. These changes to evaporation rates would be linked to changes in US 
Magnesium process operations, which would be related to changes in water quality. However, 
these are questions that cannot be answered with confidence at this time; therefore, hourly 
evaporation rates equivalent to 45 inches per year were selected to represent future 
evaporation rates.

3.4.3 Literature Review of Evaporation Rates near Great Salt Lake

Published research regarding the effect of salinity on evaporation near Great Salt Lake dates 
back to at least 1934 when Adams published the document, “Evaporation from Great Salt
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Lake.” Some of the data presented by Adams is available in "The effect of Salinity on 
Evaporation" by Harbeck (1955). Harbeck summarizes many of the physical properties required 
to evaluate evaporation rates from saline solutions.

Harbeck (1955) indicates that the total dissolved solids concentration of sea water is 
approximately 35,000 parts per million. The data collected by ERM (2016) show TDS 
concentrations between 10,000 and 95,000 parts per million in the wastewater ditches and CWP 
(Figure 19). By comparison, concentrations for the South Arm of Great Salt Lake were estimated 
to be 94,000 parts per million in 1998 and the theoretical concentration for an undivided lake 
was estimated to be approximately 190,000 parts per million (Loving and Waddell, 2000).

Figure 19 - Total dissolved solids concentrations at selected sample locations (ERM, 2016)

Waddell and Fields (1974) calculated monthly water and salt levels within Great Salt Lake for 
periods of 1931 to 1973. The results of their analysis showed estimated annual fresh water 
evaporation rates ranging from 51 to 62 inches per year, with adjusted saline evaporation rates 
of 45 inches per year for the entire Great Salt Lake, on average. This is the same annual average 
evaporation rate calculated in this memorandum.

As part of their study, Waddell and Fields (1974) also evaluated evaporation rates from brine 
solutions during summer months. The brine data was provided by Morton Salt. The brines 
analyzed had specific gravity measurements of approximately 1.225, indicating the brines were 
near saturation for sodium chloride (Waddell and Fields, 1974). Although not stated in their 
report, the sampled brines reported by Waddell and Fields were likely taken from concentration 
ponds upstream of the Morton extraction process. The evaporation rates associated with these 
brines were, on average, 75 percent lower than evaporation rates of fresh water.

Loving et al. (2000) updated the work of Waddell and Fields, analyzing the water balance and 
salt balance of Great Salt Lake between 1987 and 1998. Their evaporation estimates were 
based on the same approach used by Waddell and Fields (1974), which is a function of total 
dissolved solids and water density. Annual evaporation for the entire Great Salt Lake was given 
in terms of total volume and not evaporation rates. However, a range of pan evaporation rates
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were reported at Saltair which varied between 37 and 57 inches per year. The range of 
evaporation rates was surprising because the variability of calculated evaporation rates 
described in Section 3.4.1 where fairly uniform.

The following were reviewed with respect to calculating evaporation rates from climatological 
variables: Calder and Neal (1984), Salhortra et al. (1985), Sartori (2000), Mohammed (2006), 
Akridge (2008), Mohammed and Tarboton (2012), and relevant chapters from Jensen and Allen 
(2016). In general the calculations used in these publications rely on changes to vapor pressure, 
which were most readily described using procedures outlined by Calder and Neal (1984), 
Mohammed (2006), and Mohammed and Tarboton (2012). In addition to these articles, a 
number of additional USGS publications for research on Great Salt Lake can be found at 
https://uf.water.usas.aov/areatsaltlake/publications/.

The reviewed literature suggests the evaporation calculations applied within this memorandum 
would provide credible estimates for evaporation rates for the US Magnesium CWP and OWP.

3.5 POND STAGE-AREA-STORAGE RELATIONSHIPS

Stage-Area-Storage relationship curves are used to describe the various distance, area, volume 
relationships that occur as water fills a ponding space. Stage-Area-Storage relationships were 
developed assuming the constructed groundwater discharge control system would include a 
vertical barrier wall along the northern, eastern, and southern perimeters of the CWP and OWP. 
The inclusion of a barrier wall along fhe western area of the CWP is still being evaluated. 
Inclusion of the west barrier wall would decrease stormwater to the CWP, which would likely 
reduce the total water volume captured by the CWP and OWP. The continual growth of the 
gypsum pile will decrease available water storage to some degree, these losses have not been 
included in this analysis.

The stage (elevation) and area for the ponds were based on a 2015 LIDAR survey of the US 
Magnesium property. Contours were restricted at the preliminary barrier wall locations. Pond 
storage (volume) estimates were made using the average-end-area formula shown below. 
Table 9 and Table 10 show the data for the CWP and OWP, respectively. Figure 20 and Figure 21 
show the stage-area-storage relationships graphically for the CWP and OWP, respectively.

Si = (Ei-Ei_1)*
43560

+ si-x

Where:

Ei
Ei-x
At
Ai-x
Si
Si-x
43560

= Elevation of the contour (ft)

= Elevation of the previous contour (ft)

= Area of the current contour (ft2)

— Area of the previous contour (ft2)

= Storage volume of the pond at the contour level (acre-ft)

= Storage volume of the pond at the previous contour level (acre-ft) 

= conversion from ft3 to acre-ft
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Table 9 - Stage-area-storage relationship data for the CWP

Elevation Area (ft2) Area (ac)

Storage

(ac-ft) Notes

4210.5 2030079 46.6042 0 Area Assumed to be 80% of area at elevation 4211

4211 2537599 58.25526 26.21486492 Area Assumed to be 80% of area at elevation 4211.5

4211.5 3171999 72.81907 58.98344607 Area Assumed to be 80% of area at elevation 4212

4212 3964998 91.02384 99.94417251 Area Assumed to be 80% of area at elevation 4212.5

4212.5 4956248 113.7798 151.1450806 Area Assumed to be 80% of area at elevation 4213

4213 6195310 142.2247 215.1462156 Area Assumed to be 80% of area at elevation 4213.5

4213.5 7744137 177.7809 295.1476344 Area Assumed to be 80% of area at elevation 4214

4214 9680172 222.2262 395.149408 Area taken from LIDAR

4214.5 10947924 251.3298 513.5383875 Area taken from LIDAR

4215 11259756 258.4884 640.9929361 Area taken from LIDAR

4215.5 11894571 273.0618 773.8804927 Area taken from LIDAR

4216 14573614 334.5641 925.7869751 Area taken from LIDAR

4216.5 15960220 366.3962 1101.027067 Area taken from LIDAR

4217 16952210 389.1692 1289.918423 Area taken from LIDAR

4217.5 17952582 412.1346 1490.244367 Area taken from LIDAR

4218 18627209 427.6219 1700.183481 Area taken from LIDAR

4218.5 19203436 440.8502 1917.301507 Area taken from LIDAR

4219 19661135 451.3575465 2140.35345 Area taken from LIDAR

4219.5 20587316 472.6197429 2371.347772 Area taken from LIDAR

4220 21582800 495.4729033 2613.370933 Area taken from LIDAR

Table 10 - Stage-area-storage relationship data for the OWP

Elevation Area (ft2) Area (ac)
Storage
(ac-ft) Notes

4206 6418143 147.340 0 Area taken from LIDAR

4206.5 9345948 214.553 90.47343516 Area taken from LIDAR

4207 13166583 302.263 219.6775848 Area faken from LIDAR

4207.5 14569110 334.461 378.8585597 Area taken from LIDAR

4208 15710225 360.657 552.6380352 Area taken from LIDAR

4208.5 16961708 389.387 740.1491328 Area taken from LIDAR

4209 20492940 470.453 955.1092358 Area taken from LIDAR

4209.5 22126693 507.959 1199.712273 Area taken from LIDAR

4210 22635979 519.651 1456.614662 Area taken from LIDAR

4210.5 23037238 528.862 1718.742858 Area taken from LIDAR

4211 23443230 538.183 1985.504039 Area taken from LIDAR
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Elevation Area (ft2) Area (ac)
Storage
(ac-ft) Notes

421 1.5 23650183 542.934 2255.783043 Area taken from LIDAR

4212 23791230 546.171 2528.059292 Area taken from LIDAR

4212.5 23902412 548.724 2801.783136 Area taken from LIDAR

4213 24053150 552.184 3077.010193 Area taken from LIDAR

4213.5 24164418 554.739 3353.740956 Area taken from LIDAR

4214 24424572 560.711 3632.603386 Area taken from LIDAR

4214.5 24582265 564.331 3913.863929 Area taken from LIDAR

4215 24982207 573.513 4198.324857 Area faken from LIDAR

4215.5 25402623 583.164 4487.493992 Area taken from LIDAR

4216 25679411 589.518 4780.66453 Area taken from LIDAR

4216.5 25836012 593.113 5076.322374 Area taken from LIDAR

4217 25977428 596.360 5373.690601 Area faken from LIDAR

4217.5 26076420 598.632 5672.438582 Area taken from LIDAR

4218 26154656 600.428 5972.203712 Area taken from LIDAR

4218.5 26215146 601.817 6272.765022 Area taken from LIDAR

4219 26270871 603.096 6573.993313 Area taken from LIDAR

4219.5 26306548 603.915 6875.746176 Area taken from LIDAR

4220 26342233 604.734 7177.908602 Area taken from LIDAR
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Figure 20 - Graphical stage-area-storage data for the CWP
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Figure 21 - Graphical stage-area-storage data for the OWP

As noted in Table 9; contour areas below 4214 ft amsl were assumed to be 80 percent of the 
next greater elevation. These assumptions were necessary because pond elevation data below 
the 2015 LIDAR water surface were not available. The water level at the time of the 2015 LIDAR 
survey was approximately 4214 ft amsl. Assumed area and data points for the CWP are shown 
with hollow circles on Figure 20. Note the assumed areas at below 4214 ft amsl are part of the 
total storage estimates above 4214 ft amsl; therefore, the entire stage-storage curve for the CWP 
shows hollow circles. The total storage volume of the CWP, below 4214 ft amsl, is 295 ac-ft. This is 
equivalent to 11 percent of the total estimated pond capacity at 4220 ft amis (2613 ac-ft).

3.6 INITIAL WATER LEVELS IN THE CWP AND OWP

Initial water levels (and related pond volume) were assumed for the CWP and OWP in order to 
provide a starting point for the model and to reduce the time delay necessary for the ponds to 
fill and become hydraulically connected. These assumed values have some influence on the 
calculated model results during early years in the water balance; however, after a number of 
years, the simulated results are not affected by the initial conditions.

The CWP was assumed to be filled to the level of the hydraulic connection at 4214 ft amsl. The 
OWP will start empty at the time of construction, but will eventually reach some typical 
operating level. It was assumed this operating level might be near 4214 ft amsl, so an initial water 
level of 4213 ft amsl was selected for the OWP.
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4.0 RESULTS

The water balance model was used to calculate expected water levels in the CWP and OWP 
(areas included in the proposed footprint of fhe RWP) using the input data described in Section 
3 and summarized in Table 11. The simulated water levels in the CWP and OWP (and annual 
precipitation depths) are shown on Figure 22. Note on resulting figures that water levels in the 
CWP and OWP are equivalent when the water level is above 4214 ft amsl. The maximum water 
level of 4217.8 ft amsl occurs in March 2000 after the multiple years of maximum precipitation 
were added to the weather record as described in Section 3.2.

Table 11 - Input data used to model the proposed barrier wall configuration
Input Description

Wastewater 
Discharge Rate 950 gpm as measured by the recently installed Cutthroat Flume in the Main Ditch.

Gypsum Slurry 
Discharge Rate

150 gpm. Calculated based on inflows from the calcium chloride system underflow 
(50 gpm), desulfation system underflow (50 gpm), and 50 percent additional 
volume assumed for conservatism.

Precipitation
Raw precipitation record from the Grantsville 2 weather station, with missing data 
replaced as described in Section 3.2.

Run-on Area 100% contribution from upstream areas.

Evaporation

Hourly values for an average calendar year as measured by the Brigham City 
weather station. Evaporation rates were adjusted based on measured ionic 
concentrations of surface waters in the CWP and waste ditches (data from ERM, 
2016).

Stage-area-storage
relationships

Developed from 2015 LIDAR survey. Some assumptions were required for the CWP.

Initial Water Levels Assumed the CWP was filled to 4214 ft and the OWP was filled to 4213 ft.

Simulation Period
Results show 1956 to 201 7, but reflect future water levels based on input 
precipitation that were recorded during the designated year.
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Figure 22 - Projected water levels in the CWP and OWP
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The water surface areas for water surface elevations of 4218 ft amsl (maximum simulated water 
level) and 4220 ft amsl (maximum potential water level) are shown on Figure 23. The figure 
reflects the “no west barrier wall" option. The inundation area would be slightly restricted with 
the inclusion of a west barrier wall. In the figure, although the Main Ditch shows ponded water, 
this area will be filled as part of the RCRA Carve-Out Cleanup project work described in the 
Groundwater Discharge Control Plan.

Figure 23 - Water surface area at 4218 (blue fill) and 4220 (yellow outline) ft amsl

4.1 ADDITIONAL CLIMATE CONSIDERATIONS

To evaluate potential climate variability, two additional weather records were analyzed: the first 
analyzing multiple wet years and the second analyzing multiple average precipitation years.

The multiple wet-year analysis used the maximum precipitation year that was shown in Section
3.2 (Figure 8) reduced by 7.5 percent to produce a daily rainfall record with an annual 
precipitation amount of 20.0 inches per year (Figure 24). The weather record was reduced to 
determine the weather record that would produce annual water levels approaching, but not 
exceeding, the maximum proposed crest of the CWP and OWP, 4220 ft amsl (Figure 25).

The multiple average year record was developed for a period of 365 days that produced 
approximately 12.5 inches of rainfall over that period (Figure 26). The resulting water levels are
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shown on Figure 27. An additional simulation was conducted to evaluate the impact of the 
initial water surface elevation. In this scenario, the initial elevation of both ponds was set to 
4219.9 ft amsl. The average year precipitation record was used to predict the length of time 
required for the pond to reach typical operating levels under these conditions. The results of this 
analysis are shown on Figure 28.

Figure 24 - Wet year record for additional analysis (20 inches in 365 days)
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Figure 25 - Water level results for repeated wet years
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Figure 26 - Average year precipitation record for additional analysis (12.5 inches in 365 days)
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Figure 27 - Water level results for repeated average years
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Figure 28 - Water level results for repeated average years with high initial water levels
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These results show the expected operating levels of the CWP and OWP under repeated wet 
years and under repeated average precipitation years. The operating level after repeat wet 
years is nearly 4220 ft amsl. The operating level after repeat average years is approximately 
4215.5 ft amsl. As estimated from Figure 28, if takes approximately 15 years to reach steady state 
conditions under these assumptions. The peak water level drops approximately 3 feet after the 
first 5 years and only 1 foot after.

4.2 SENSITIVITY TO RUNOFF LOSSES

Sensitivity analyses were conducted to evaluate potential reduced water levels associated with 
various modeled runoff losses. As described in Section 3.3, the overall surface area draining 
toward the CWP is approximately 768 acres. Of this area, the maximum area of direct 
precipitation onto the CWP is 495 acres. The value of 495 acres is the equivalent water surface 
area of the CWP at an elevation of 4220 ft amsl (see Table 8). Plowever, as the pond surface 
area decreases, the amount precipitation falling over land area within the CWP increases. That 
is, the runoff area over land changes with water surface area. This was calculated as:

Runoff area over land — 768 acres — Current Water Surface Area

In the model simulations up to this point, all rainfall was assumed to be instantly routed to the 
pond, with no losses for rainfall over land. For the simulations presented below, constant runoff 
losses were assumed for all precipitation over land. Evaluations were made for 100, 75, 50, and 
25 percent runoff. The results for 100 percent runoff match the results shown on Figure 25. The 
results with different runoff coefficients are shown on Figure 29. Note that all results are shown for 
the OWP. The CWP maintains water levels near 4214 ft amsl, unless the water level is great than 
4214 ft amsl for both ponds.

4208

4206

1956 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016

------- 100% RO -------- 75% RO ------- - 50% RO 25% RO --------4214 Line

Figure 29 - Changes in OWP water level associated with given runoff coefficients

Figure 30 shows the relative difference in water levels between 100 percent runoff and 75, 50, 
and 25 percent runoff. The negative value indicates how much lower the water level is 
compared to the 100 percent runoff line.
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Figure 30 - Difference between 100% runoff and reduced runoff water levels in the OWP

The average change in water levels are -1.0, -2.6, and -4.0 feet for 75, 50, and 25 percent runoff 
respectively. The results from this sensitivity analysis show how much the results of this water 
balance could be overestimated. These results do not consider impacts or runoff related to 
variable runoff storm intensity or antecedent soil moisture. Future analysis using the water 
balance model developed for this project could provide more detailed estimates of likely pond 
levels with reduced runoff and bare soil evaporation impacts.
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5.0 CONCLUSIONS

The results of this analysis demonstrate that the proposed barrier wall is sufficiently sized for the 
simulated conditions expected at the US Magnesium site. The simulated inflows to the CWP were 
950 gpm from wastewater, 150 gpm from the gypsum slurry water, direct precipitation onto the 
CWP water surface, and precipitation runoff. Direct precipitation and precipitation runoff were 
simulated by the modified Grantsville weather record. The hydraulic connection at 4214 ft amsl 
links the CWP to the OWP. Inflows from the CWP typically flow into the OWP as water levels reach 
4214 ft amsl. The only other flow to the OWP is direct precipitation. Evaporation was the only 
assumed water loss from the CWP and OWP. The annual average evaporation (January to 
December) was calculated to be 45.4 inches per year. This evaporation rate reflected the 
expected reduction in evaporation due to measured salinity levels. The calculated water 
activity rates were 0.95 or greater, suggesting the measured stored water had an activity similar 
to pure water. Review of the literature suggests an average annual evaporation rate of 45 
inches per year is an acceptable rate for use in the design of the groundwater discharge control 
system. Stage-area-storage curves for the OWP are likely close to what may be expected for 
final conditions; however, a bathymetric survey or other techniques would improve confidence 
in the stage-area-storage data for the CWP below an elevation of 4214 ft amsl. Additional 
sensitivity analyses may be performed to evaluate the change in water levels associated with 
different stage-area-storage relationships for the non-surveyed elevations of the CWP.

The maximum calculated water level from the modified Grantsville weather record was nearly
4217.8 ft amsl. This water level occurred after two years of high precipitation. This water level is 
unlikely to occur, but validates that the expected water level should not exceed the proposed 
crest elevation of 4220 ft amsl. Results shown by Figure 22 were used as input data for the 
numerical groundwater flow model used to determine potential changes in phreatic levels 
resulting from stored water levels within the CWP and OWP.

Additional simulations were performed to assess the precipitation required to produce water 
levels of 4220 and approximate average water levels. Repeat wet years with 20 inches per year 
of precipitation produced annual maximum water levels just below the crest elevation of 4220 ft 
amsl (Figure 25). Repeat average rainfall years of 12.5 inches per year resulted in maximum 
annual water levels reaching 4215.5 ft amsl (Figure 27).

Lastly, a sensitivity analysis was conducted to demonstrate potential changes to projected 
water levels with reduced stormwater runoff. Runoff losses were modeled using a simple percent 
of total rainfall, which does not consider antecedent moisture conditions or rainfall intensity.
Using this approach, water levels decreased between one and six feet depending on the 
constant loss rate applied.
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Figure 1. Groundwater Flow Model Domain

Figure 2. Layer 1: Simulated Horizontal Hydraulic Conductivity Values

Figure 3. Layer 1: Simulated Vertical Hydraulic Conductivity Values

Figure 4. Layer 2: Simulated Horizontal Hydraulic Conductivity Values

Figure 5. Layer 2: Simulated Vertical Hydraulic Conductivity Values

Figure 6. Layer 3: Simulated Horizontal Hydraulic Conductivity Values

Figure 7. Layer3: Simulated Vertical Hydraulic Conductivity Values

Figure 8. Layer 4: Simulated Horizontal Hydraulic Conductivity Values

Figure 9. Layer 4: Simulated Vertical Hydraulic Conductivity

Figure 10. Layer 5: Simulated Horizontal Hydraulic Conductivity Values

Figure 11. Layer 5: Simulated Vertical Hydraulic Conductivity Values

Figure 12. Layer 1: Simulated Specific Yield Values

Figure 13. Layer 1: Simulated Specific Storage Values

Figure 14. Layer 2: Simulated Specific Yield Values

Figure 15. Layer 2: Simulated Specific Storage Values

Figure 16. Layer 3: Simulated Specific Yield Values

Figure 17. Layer 3: Simulated Specific Storage Values

Figure 18. Layer 4: Simulated Specific Yield Values

Figure 19. Layer 4: Simulated Specific Storage Values

Figure 20. Layer 5: Simulated Specific Yield Values

Figure 21. Layer 5: Simulated Specific Storage Values

Figure 22. Steady State Layer 1 Calculated Saltwater Equivalent Hydraulic Head Piezometric 
Surface

Figure 23. Model-Predicted vs Observed Saltwater Equivalent Hydraulic Head

Figure 24. Calculated Layer 1 Saltwater Equivalent Piezometric Surface: Climate-Based Fully 
Enclosed After 23-Year Simulation

Figure 25. Calculated Layer 1 Saltwater Equivalent Piezometric Surface: Climate-Based Partially 
Enclosed Pond after 23-Year Simulation

Figure 26. Calculated Layer 1 Saltwater Equivalent Piezometric Surface: Maximum Pond Stage 
Fully Enclosed Pond after 30-Year Simulation
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Figure 27. Calculated Layer t Saltwater Equivalent Piezometric Surface: Maximum Pond Stage 
Partially Enclosed Pond after 30-Year Simulation

Figure 28. Calculated Particle Path-Lines: Climate-Based Projection Fully Enclosed Pond after 23- 
Year Simulation

Figure 29. Calculated Particle Path-Lines: Climate-Based Projection Partially Enclosed Pond after 
23-Year Simulation

Figure 30. Calculated Particle Path-Lines: Maximum Pond Stage Projection Fully Enclosed Pond 
after 30-Year Simulation

Figure 31. Calculated Particle Path-Lines: Maximum Pond Stage Projection Partially Enclosed 
Pond after 30-Year Simulation

Figure 32. Model-Predicted Westward Outflux Partially Enclosed Barrier Wall
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1.0 MODELING BACKGROUND

A numerical groundwater flow model was created to evaluate the potential groundwater flow 
changes from expanding and reconfiguring the discharge wastewater pond at the US 
Magnesium facility (Facility). The expanded and reconfigured discharge pond is hereafter 
referred to as the Retrofitted Waste Pond (RWP). Additionally, the model was used to evaluate 
hydraulic containment of the RWP with two different engineering controls. The model 
incorporated site geological information from previous investigations and utilized groundwater 
elevation data from the wells placed throughout the vicinity of the Facility for calibration.

The conceptual model of the groundwater system includes mountain system recharge from the 
eastern slopes of the Lakeside Mountains. Mountain recharge provides groundwater that flows 
primarily to the northeast towards Great Salt Lake (GLS). Hydraulic gradients are very shallow as 
a product of the lacustrine topography and geology of the area and also are controlled to a 
large extent by the elevation and density of water in GLS. Additional recharge to groundwater is 
from the discharge ditches and ponds on the north and east side of the Facility. Recharge from 
the evaporation ponds also occurs but this is assumed to be mostly negligible due to the presence 
of low permeability evaporite deposits along the bottom of the pond beds. Natural recharge 
from precipitation is also mostly negligible away from the mountain front due to high evaporation 
rates and low annual precipitation.

2.0 MODEL DESIGN

The groundwater flow model uses MODFLOW-2005 (Harbaugh, 2005) and was constructed using 
Groundwater Modeling System (GMS) software (Aquaveo, 2017) as a graphical user interface for 
construction and post-processing. The finite-difference format of MODFLOW provides calculation 
of groundwater flow in three-dimensions, incorporating aquifer heterogeneity, and transient 
conditions. The model grid is rotated 33 degrees north of east; parallel to the primary groundwater 
flow direction.

The bajada along the foot of the Lakeside Mountains is the southwestern border of the model. 
This boundary provides groundwater flow into the groundwater model domain from the mountain 
front and is the uppermost point of the groundwater model. The shoreline of GSL and the inflow 
canal carrying water from the lake to the evaporation ponds mark the northeastern and eastern 
boundaries of the model. This boundary is the lowest discharge point for the groundwater model. 
The model extends 1.5 miles to the southeast of the point where the inflow canal empties into the 
northernmost evaporation pond. This border is a no-flow boundary that runs nearly perpendicular 
to the hydraulic gradient (Figure 1).

The model is comprised of 5 layers, each containing 99,244 cells, which have uniform size of 100 
by 100 feet. Model layers represent the primary sedimentary aquifer units, all part of the regional 
shallow aquifer, identified at the site.

• Layers 1 and 2 predominantly represent silty clay to oolitic sand matrices with hydraulic 
conductivity values ranging from 0.001 to 150 feet/day (ft/day). The highest hydraulic 
conductivity region of these layers is in the immediate vicinity of the existing discharge 
ponds, where low-pH seepage has presumably dissolved the calcium carbonate matrix of 
the oolitic sands, increasing hydraulic conductivity. These two layers represent the 
shallowest portion of the Upper Aquifer Zone as defined in the Hydrogeologic Report 
(Stantec, 2017).
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• Layer 3 represents a silty matrix and possesses hydraulic conductivity values ranging from
0.001 to 4 feet/day. Layer 3 extends to a depth of roughly 30 feet below land surface 
beneath the facility and is the deeper portion of the Upper Aquifer Zone as defined in the 
Hydrogeologic Report (Stantec, 2017). The bottom of layer 3 is the interface of the sand- 
silt matrix and the lacustrine clay layer (Deeper Silty Clay Unit) below.

• Layer 4 represents a roughly 10-foot thick, low permeability clay unit that pinches out 
towards the mountain front, west of the facility.

• Layer 5 represents a sandy confined aquifer that extends to a depth of roughly 150 feet 
beneath the facility. This layer represents the Lower Aquifer Zone described in the 
Hydrogeologic Report (Stantec, 2017). The bottom of Layer 5 is a no flow boundary.

2.1 BOUNDARY CONDITIONS

Mountain system recharge is represented in the model by general head boundary (GHB) 
conditions within each model layer along the southwest edge of the model. These head 
constrained, variable flux boundary (Cauchy) conditions act as the main source of groundwater 
inflow to the model. Model outflow to the east-southeast is simulated with the use of GHBs with 
head values roughly 20 feet less than the inflow GHBs. Where the model boundaries intercept the 
lake and inflow canal, a constant head condition was used with a head value equivalent to the 
average lake elevation over the last week of June 2017 (4194.312 feet above mean sea level [feet 
amsl]).

2.2 MODFLOW PACKAGES

The model was constructed using seven primary MODFLOW packages:

(1) BASIC package (BA6)
(2) DISCRETIZATION package (DIS)
(3) LAYER PROPERTY FLOW package (LPF)
(4) RECHARGE package (RCH)
(5) GENERAL HEAD BOUNDARY package (GHB)
(6) CONSTANT HEAD DESIGNATION package (CHD)
(7) HORIZONTAL FLOW BARRIER package (HFB),
(8) PRECONJUGATE GRADIENT (PCG) solver package.

The BA6 package handles the boundaries of the model as well as the initial water levels included 
in the simulation. The DIS package manages information regarding model grid (number of rows 
and columns, their length and width, the number of layers and their respective elevations) and 
stress periods (number of simulation days). The LPF package computes the terms to calculate the 
rate of flow into and out of storage, and the conductance components to determine flow 
between cells. The LPF package maintains information regarding the hydrologic parameters (e.g. 
hydraulic conductivity, storage coefficient, and potential rewetting criteria)

The RCH package was used to simulate recharge to the aquifer stemming from seepage from the 
facility outflow drains and discharge pond. Recharge is defined by specifying a recharge value 
for each stress period for each spatially specified cell in layer 1. The simulated recharge value 
represents the water that goes into the groundwater system.
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The GHB and CHD packages work very similarly in that the packages permit the simulation ot a 
Cauchy boundary condition within a cell where hydraulic head is specified to be held at a 
constant value. The model adds or withdraws groundwater from the system at the location of the 
boundary condition to maintain this constant head value. The difference between these 
packages is that the GHB package possesses a “conductance” value to act as a coefficient that 
restricts the amount of water the model inserts or withdraws from the domain through the 
condition. This coefficient enables the impact of each GHB to be limited and permits the model- 
calculated hydraulic heads near the model boundary to be more coincident with field 
observations.

The HFB package was implemented to simulate proposed engineered controls of groundwater 
containment, such as containment walls. Horizontal flow barriers provide the ability to simulate an 
exceptionally low (including to the extent of impermeable) barrier for horizontal groundwater flow 
between specified cells. HFBs provide spatial precision and an ability to obstruct flow in a specific 
direction.

The PCG package was used to solve the system of simultaneous groundwater flow equations 
produced by the model. The solver approaches the solution iteratively through an approximation 
scheme.

2.3 HYDRAULIC CONDUCTIVITY AND AQUIFER STORAGE PARAMETERS

Initial estimates of vertical and horizontal hydraulic conductivity (K), specific yield (SY) and specific 
storage (SS) were adopted from calculations made from slug and aquifer tests performed onsite. 
Elsewhere, hydrologic parameters were obtained from literature values based on geologic and 
lithologic characteristics of the site (Freeze and Cherry, 1979). As a result, simulated hydraulic 
conductivity generally decreases from the mountain front to the northeast, towards the lake. The 
distribution of hydraulic conductivity values for each layer are displayed in Figures 2-11.

During the aquifer testing at the site (MW-22B), no notable head responses were observed at the 
surrounding monitor wells. Consequently, no field-derived value of aquifer storage could be 
estimated. No long-term head measurements have been made at the monitor wells at the 
facility to permit a transient calibration of simulated quantities of aquifer storage. Values of 
specific yield and specific storage were obtained from literature values based on the lithology of 
the represented media (Freeze and Cherry, 1979). The distribution of the simulated specific yield 
and specific storage values of the model are displayed in Figures 12 - 21.

3.0 METHODOLOGY

3.1 MODEL CALIBRATION

In addition to gravitational head, the hydraulic gradient of the regional aquifer is also influenced 
by changes in water density, as a result of salinity greatly increasing towards GSL. To 
accommodate the effects of density differential within the model, the average fluid density and 
stage of the GSL were used as a datum to which observed water levels were adjusted. The revised 
head based on the salinity and stage of GSL is described as a salt water equivalent head and is 
calculated via the following function:

Pgsl

Corrected Head =

1.23 9

ml

(Obs Head@Well - StageGSL)
'P@WellX 
^ Pgsl ' - + StageGSL

StageGSL = 4194.312 ft amsl
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The model parameters of hydraulic conductivity and seepage flux rate from the trenches and 
discharge pond were calibrated to the salt water equivalent head of each monitoring well, 
measured during the last week of June 2017. The steady-state calculated potentiometric surface 
in layer 1 is displayed in Figure 22. Observed versus model-calculated salt water equivalent head 
is shown in Figure 23, as well as the mean absolute error and root-mean-square error values of
0.389 and 0.484 feet.

3.2 MODEL PROJECTIONS

The transient model was implemented to predict the impact of two engineering controls of 
groundwater flow: 1) a fully enclosing groundwater hydraulic barrier wall, and 2) a partially 
enclosing hydraulic barrier wall that is open to the west (the upgradient direction). The hydraulic 
barrier wall is designed to extend from the land surface to the top of the lacustrine clay aquitard, 
represented in layer 4 (layer 4 represents the Deeper Silty Clay Unit as defined in the Hydrogeologic 
Report [Stantec, 2017]).

Additionally, the stage of the pond was simulated under two scenarios: a quarterly-fluctuating 
stage, based on the past 23 years of historical evaporation and precipitation rates, and a 
conservative maximum pond stage scenario, where a constant stage (pond water level) of 4220 
feet amsl (salt water equivalent: 4216.77 feet amsl) was held constant for 30 years. As a result, four 
separate scenarios were simulated within the transient model:

1. Climate-Based Pond Stage, Fully Enclosed Barrier
2. Climate-Based Pond Stage, Partially Enclosed Barrier
3. Maximum Pond Stage, Fully Enclosed Barrier
4. Maximum Pond Stage, Partially Enclosed Barrier

Under the Climate-Based Pond Stage scenarios, the spatial extent of the pond was varied based 
on stage-storage relationships. This was performed using GHB conditions with on/off conductance 
values, which allowed different regions of the pond to be activated based on changes in pond 
elevation over time. The spatial extents of the pond during each stress period were separated 
into 3 intervals, separated by 2-foot elevation contours. Within the Maximum Pond Stage 
scenarios, constant head conditions were used to simulate pond elevation.

MODPATH 5 (Pollock, 2010) was used to simulate particles that move at the linear pore velocity 
of fhe simulated flowing groundwater to track groundwater movement. These particles were 
placed within layer 1 within the footprint of the maximum pond extent for each scenario. The 
path-lines of these particles provide a measure of the potential distance that water emanating 
from the pond could travel over the specified model time.

4.0 RESULTS

The calculated potentiometric surface of layer 1 and the calculated flux between the silt and clay 
layers of the model (layers 3 and 4) were recorded at the end of the last stress period for each of 
the Maximum Pond Stage scenarios. Additionally, the calculated westward flux, moving away 
from the pond was recorded in the partially enclosed scenario.

Under the Climate-Based Pond Stage Scenarios, the model-predicted water-table surface af fhe 
end of the simulations of fully enclosed and partially enclosed scenarios are displayed in Figures
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24 and 25. For the Maximum Pond Stage Scenarios, the model-predicted water table surfaces at 
the end of the simulations of the fully enclosed and partially enclosed scenarios are displayed in
Figures 26 and 27.

For all model scenarios, the model calculated that the majority of the theoretical particles move 
downwards, but none of the particles reach layer 3 over the 30-year period (Figures 28 - 31). 
According to the simulated partially enclosed designs, under both stage scenarios, the model 
predicted that none of the particles would escape the enclosed vicinity to reach the regional 
aquifer (the groundwater within all layers outside of the engineered barrier-enclosed area) to flow 
downgradient towards GSL within 30 years.

According to the maximum RWP stage condition, the flux rate leaving the ponded area was 
predicted by the model to be 57.2 gallons per minute (gpm) under the fully enclosed scenario 
and 62.2 gpm within the partially closed scenario. Of the 62.2 gpm flux within the partially closed 
scenario, 52.3 gpm (84%) flows downward into the clay layer from layer 3 and 9.9 gpm (16%) flows 
laterally westward within the upper aquifer (the top three layers). MODPATPI particles were placed 
at the bottom of layer 3. The model calculated that no particle trajectories passed through the 
lacustrine clay of layer 4.

The calculated flux leaving the RWP area decreases with time as the hydraulic gradient becomes 
shallower. The predicted westward flux was recorded at eight time-steps within the model, and a 
decay function was fitted to the model's output (Figure 32). By summing the flows for the fitted 
function from one to 30 years over a time frame of zero to 30 years, a total estimated volume of 
681 acre-feet is predicted to flow through the open western wall over the 30-year time domain. 
This groundwater is comprised of native groundwater that sourced from the enclosed area and 
was forced outwards by the increased stage of the pond above it.

The projected theoretical particle trajectories indicate that none of the water within the pond 
leaves the enclosed area within the 30-year period. Consequently, increased predicted fluxes 
are not the result of water physically traveling from the RWP to the model boundary. Instead, the 
increased stage of the RWP pushes downward on the regional aquifer and forces native 
groundwater outwards, away from the pond, and towards the model boundary along the 
perimeter of GSL. The total calculated fluxes through the perimeter of cells along the most 
downgradient border of the model are as follows:

Table 1
Predicted Groundwater Fluxes Leaving Model Domain 
_____ RWP at Maximum Stage of 4220 feet amsl

Model Flux (gpm)

Upper Aquifer Lower Aquifer
Steady State

29 21

Maximum Pond Stage, Fully
Enclosed

37 40

Maximum Pond Stage, Partially 
Enclosed

53 44
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5.0 SENSITIVITY ANALYSIS

A sensitivity analysis was performed by varying the hydraulic conductivity (vertical and horizontal, 
simultaneously in every layer) and aquifer storage (specific yield and specific storage 
simultaneously) by +/- 25%. Additionally, the specified heads of the outflow general head and 
constant head conditions were varied to the historic minimum and maximum recorded stages of 
GSL. The calculated flux leaving the enclosed area at the end of the last stress period of the 
maximum stage, partially enclosed scenario was used for quantitative assessment.

Table 2
Predicted Groundwater Fluxes Resulting from Sensitivity Analyses

Sensitivity Analyses of GW Leaving Enclosed Area (gpm)
Varied Parameter or 

Condition
Clay (from Layer 3 to 4) W. Wall (Horizontally in Layer 1-3)

Standard 52.3 9.9

K -25% 39.8 7.7

K +25% 65.0 12.2

S -25% 57.2 9.1

S +25% 58.5 9.9
GSL low level 

(4191.35’) 72.1 10.9

GSL high level 
(4211.85') 8.9 2.3

Varying hydraulic conductivity produced results that proportionally impacted the calculated 
outflow from the enclosed region, with a change of roughly +/- 25%. Predicted outflow was 
discovered to be less sensitive to storage, with a change of roughly +/-10%. However, the model 
predicted a high degree of sensitivity to varying stage of GSL.

6.0 SUMMARY AND CONCLUSIONS

A numerical groundwater model was constructed to evaluate the overall potential changes to 
the groundwater system as a result of expanding and reconfiguring the current wastewater 
discharge pond at the US Magnesium Facility. Two engineered controls for confaining 
groundwater were evaluated and include a fully enclosed hydraulic barrier wall surrounding the 
pond, and a partially enclosed hydraulic barrier wall (e.g., open on the western upgradient side). 
A successful calibration was performed to the available groundwater elevation data from 
monitoring wells that fall within the model domain. The model consists of five layers, with the upper 
three layers representing a stratified upper aquifer (corresponding to the Upper Aquifer Zone 
[Stantec, 2017]), a clay aquitard layer (corresponding to the Deeper Silty Clay Unit [Stantec, 
2017]), and at greatest depth, a lower aquifer system (corresponding to the Lower Aquifer Zone, 
Stantec, 2017]). To accommodate the effects of groundwater density variability within the model, 
the average fluid density and stage of GLS were used as a datum to which observed water levels 
were adjusted.

Four scenarios were simulated in the model; a climate-based pond stage based on historic Facility 
operating data and a maximum pond stage to estimate a highly conservative condition:
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1. Climate-Based Pond Stage, Fully Enclosed Barrier
2. Climate-Based Pond Stage, Partially Enclosed Barrier
3. Maximum Pond Stage, Fully Enclosed Barrier
4. Maximum Pond Stage, Partially Enclosed Barrier

Due to the combined field observations of a shallow hydraulic gradient and a relatively low 
hydraulic conductivity outside the current wastewater pond, the model calculates a total steady- 
state flow of 50 gpm across the model domain. The conclusions of the modeled scenarios are as 
follows:

• The model calculates that no water emanating from the discharge ponds extends 
vertically beyond layer 2 under any of the 4 simulated scenarios.

• Native groundwater, directly beneath the pond along the interface of the upper aquifer 
and lacustrine clay is predicted to travel downward into the clay but due to its slow 
velocity does not pass through the clay over the 30-year simulated time frame

• Under the most conservative conditions (the maximum pond stage scenario) the model 
predicts that no ponded water leaves the enclosed area within 30 years.

7.0 References

Aquaveo, 2016. Groundwater Modeling System (GMS). Aquaveo, LLC. 2016.
Freeze, R. A. and Cherry, J. A. (1979), Groundwater, Englewood Cliffs, NJ: Prentice Hall.

Harbaugh, A.W. (2005), MODFLGW-2005, The U.S. Geological Survey modular groundwater 
model—the Ground-Water Flow Process, U.S. Geological Survey Techniques and Methods, 6- 
A16.

Pollock, D. W. (2010). User guide for MODPATH version 5: a particle tracking model for 
MODFLOW. US Department of the Interior, US Geological Survey

Stantec, 2017. US Magnesium Groundwater Discharge Permit application Hydrogeologic 
Report. December, 2017.

11









Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S

 M
ag

ne
si

um
 - 

P
B

&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\F

ig
ur

eX
-M

od
el

D
om

ai
n.

tn
xd

 
12

 D
ec

 2
01

7





I\u
sp

hx
2s

02
1P
hx

2-
F
ile

s\
P
ro
je
ct
s\
C
lie

nt
s\
U
S
 M

ag
ne

si
um

 - 
P
B
&
L\
F
ig
ur
es

\R
ep

or
tF
ig
ur
es

\K
\L
yr
1-
H
K
.m

xd
 

12
 D

ec
 2

01
7

(,
■ „ • _ f*":____ {(





\\u
sp

hx
2s

02
\P

hx
2-
F
ile

s\
P
ro
je
ct
s\
C
lie

nt
s\
U
S
 M

ag
ne

si
um

 - 
P
B
&
L\
F
ig
ur
es

\R
ep

or
tF
ig
ur
es

\K
\L
yr
1-
V
K
.m

xd
 

12
 D

ec
 2
01

1

s

mma

s^lSb- P

rc. f *

• ■ /

r ^ ^

- *

lilll

X

:

mmm
m

-) -.MS,

L 1 :“

<,. j% Jfii i %

; ■■«// ..

^ f '*

4 v V . '.
•;" »'■ -f usr

Pingv c^uiA^

^: r ^!i
im

US MAGNESIUM 
LAYER 1: SIMULATED VERTICAL 

HYDRAULIC CONDUCTIVITY 
VALUES

__
__

__
__

_





Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S

 M
ag

ne
si

um
 - 

P
B

&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\K

\L
yr

2-
H

K
.m

xd
 

12
 D

ec
 2

01
7

Simulated Horizontal 
Hydraulic Conductivity 
(ft/d ay)

0.001

W X

ir 4ft****M

■k 'Jr*

p*

v

* ^' -#srti-4

• '■ fmX'' ' 1

; i
: . ^ 1%

■ i
m? ^ ^

/ v^f4. ‘

iTIOCJ”

■ -r*

Corporation '5

us*«^





Z
:\P

ro
je
ct
s\
C
lie

nt
s\
U
S
 M

ag
ne

si
um

 - 
P
B
&
L\
F
ig
ur
es

\R
ep

or
tF
ig
ur
es

\K
\L
yr
2-
V
K
.m

xd
 

12
 D

ec
 2
01

7

<*- - A/

r-^ :v
i .. ______.& immom.............................

t-■ H S
tf ^_____ ____

ii

jg. ' - ‘ ^ VSHh

•:; ;>I
^■;r'

-:; ■

- ‘ ^Sr ^ ; ■*

■' ; . w^ '

>,$ ^WL .0*$ v -H,^

...',

f(\rs

mr v
-p*h ./■-. tj

..

I * ’^r'
’«*» ’ uT ‘, -jut1*

®§g

mmm

i -

m * *
a. ..





Z
:\P

ro
je
ct
s\
C
lie

nt
s\
U
S
 M

ag
ne

si
um

 - 
P
B
&
L\
F
ig
ur
es

\R
ep

or
tF
ig
ur
es

\K
\L
yr
3-
H
K
.m

xd
 

12
 D

ec
 2

01
7

' • * «

S4 V • ^ '
a*MMK- ‘ '} w&%.

3^ I wui / uigiiaiuiooeiyu 
Corpofation j ‘s W-I ’

USr«f^s

US MAGNESIUM
LAYER 3: SIMULATED HORIZONTAL

HYDRAULIC CONDUCTIVITY
VALUES
Figure 6





Z
:\P

ro
je
ct
s\
C
lie

nt
s\
U
S
 M

ag
ne

si
um

 - 
P
B
&
L\
F
ig
ur
es

\R
ep

or
tF
ig
ur
es

\K
\L
yr
3-
V
K
.m

xd
 

12
 D

ec
 2
01

7

.,7, -JP1*.. »

lijr,s
■ i i ^0^ /•*

*11 ±:vf* j j, f:-% M /

* ' liMy» l: ■
# „ ' ‘te’* "■ ’'■ .. f ' ' •

V '’** s .

IT * >
US MAGNESIUM

LAYER 3: SIMULATED VERTICAL
HYDRAULIC CONDUCTIVITY

VALUES
Figure 7





7:
 \P

re
je
ct
s 
I C

lie
nt
s 
[U

S
 M

ag
ne

si
um

 - 
P
B
&
L\
F
ig
ur
es

\R
ep

or
tF
ig
ur
es

\K
\L
yr
4-
H
K
.m

xd
 

12
 D

ec
 2

01
7

Simulated Horizontal 
Hydraulic Conductivit
(ft/d ay)

Model Domain

* ^
....

^ s %

»«.If *H I

■ • '' ■"

...~4t£‘ Jr?*'
- ^fr' **F7' *; t

.Si-

........ .
mm . MJ

r

^ ^

■

. ■
« ,r ; ■ : mm 1

j.

-

h

. ' r
&& ' • •

03^

.

J?

-,,V r '^'1

vi>
i r &

,y ^

—-------------- ----
0$7i;! ESjaflafei^

j-*v^SS3®p * :#





Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

e5
\K

\L
yr

4-
V
K
.m

xd
 

12
 D

ec
 2

01
7 - A ^

r / ^ ; '*p f^^j|

1

1
Sk j

?? ^..

^...

' r ^ m

1. 4
r'%. 5.
_v:'fc
r -Si

v .*•
mm W: ^

■

... ______________$

W —

,' 3 ■ %
7 ’"hIC

*•—,

——miiULL"1!..... -JT^T
USf w

IL ^

US MAGNESIUM
LAYER 4: SIMULATED VERTICAL

HYDRAULIC CONDUCTIVITY
VALUES
Figure 9





Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\K

\L
yr

5-
H

K
.m

xd
 

12
 D

ec
 2

01
7

mX\£ir ^ « 5 •A-/*

______ (fV^Ste™n^ '
f5 •© 2017 DigitaiBlo^m

Corporation _





- w -





Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\S

to
ra

ge
\L

yr
l-S

Y
.m

xd
 

12
 D

ec
 2

01
7

1--------------

Simulated Specific Yield 

0.00001 

0.01

m -

d 1 ^ •*

F - ■; ;

t •
e

/

/

* , ,

«1
r' 1

^ -: .

siur’iara

- w ——

I: „;•- * I

^ % • f '■safe.

€' 2017 DigitalGlobe ©GN 
Corporation: \;j r

3^ # ^

us» • ^

US MAGNESIUM
LAYER 1

SIMULATED SPECIFIC
YIELD VALUES

Figure 12



Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
e5

\R
ep

or
tF

ig
ur

es
\S

to
ra

ge
\L

yr
1-

S
S
.m

xd
 

12
 D

ec
 2

01
7

\ --

. if ___ *

‘'r
** t f/ tv if*Jk
'Jm? m ■'£ . - "*JpHOc<te*^*<j •

k j, * -K *'

I

JumeV"-:' -

>:.a ■. ^

»Ppr

|V

< l- 4

'

'Z *'-->1^

_. ,V ^ ~

- ’ L?k

■ H

'

:^V* • • 1

X 7\
‘ / V-t

\

V..

^ iy w

V ' ' . V 
* “»$ '

^ -7/) l( MM-uif'.



Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\S

to
ra

ge
\L

yr
2-

S
Y
m

xd
 

12
 D

ec
 2

01
7

Simulated Specific Yield 

0.00001 

0.01

Model Domain
■ i -

| ^‘’5 \

■ ,

i ^

^ . H- 1/

iiv-'
MailiS

►*- j i
r 4 * 'f\

• ", «

• • 8- * , &

|/yp

us* * *^

- .t--' " ‘h v •,

MPW ^otki^



Z
:\P

ro
jc

ct
s\

C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\S

to
ra

ge
\L

yr
2-

S
S
.m

xd
 

12
 D

ec
 2

01
7

„ A, * f;MB £ f W ^^ - ** i- * JV \ „

. “ ' ■

- „ 11 jCJ' '^idkiz
^ if* £ > ift ;
*» w *■%», *•*-• ”

X, i.v '

v . ef ; 4 - . 1 1
1* r |

,^e p

txng- © ®

©I' K.^mffiSrW.. - *'

a%, . _ .

/ ' ,, ©?>-* ' ^^ ^ r

. -

USS
^ :^5 Wi

© 2017 Digital 

Corporation ,

US* I

US MAGNESIUM
LAYER 2

SIMULATED SPECIFIC
STORAGE VALUES

Figure 15



:: :

HJ .
me.. %•..............

i -?

i"

*

v ' -'**
• '’* wr • ..'■

• ;i f.
4'ffljT-C.

-< IJ MS ffil

C~' il-l ' ,

L

Hr t, >*,
^ / :

WIlVmKIim
,

c

y, k s w 1
- 'sr ■ ''"•w-fc.

- ^ -. '^gr- ' ^

tDiocr > y

'-.- ^ -y

i:-cr%..'^ -, 4

j T * ^
' / --3ter>-

/ ® %-fgjSii) J

& T
.J^....Stsskik^ 2^4^Mii^w

|ta>i4 -Sig
t*?

—MM

^ €.2017 DigiialGlobe E>®N 
*__________Ccirporation j[ '

US MAGNESIUM
LAYER 3

SIMULATED SPECIFIC
YIELD VALUES

Figure 16



Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\S

to
ra

ge
\L

yr
3-

S
S
.m

xd
 

12
 D

ec
 2

01
7



Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\S

to
ra

ge
\L

yr
4-

S
Y
.m

xd
 

12
 D

ec
 2

01
7

---------------------W ^

■
'....^ ,1k ,

^ \
1

: \

)

''' T'"

I %
*. * \k) . 1
i..... .ife _;

, ^ n"

f —r

:-/.. ...... J

'k*. t.

-
':> : ■

' '- MUi. *

a -’’s

i m '■‘v;.. \p:j ,' . % s>.

■4
i • ■ ^ \< ::mm, •,^ ;,*'‘Y'J^ 3

V'^E

'■'. ’

: i ,- 3
1

-I I1

“
Illg

y' W f. j
:■ > ;-■ Pi . l■S" pssMizi

I®® 7 |
3

1 1 ./ .is

I

- s /rm

My

,1 ^ ■ ■£

mfii®
•r * ~

*4 ? *

* '

,,: y :
i < ^ ■ " '



Z
:\P

r0
je
ct
5\
C
lie
nt
s\
U
S
 M
ag
ne
si
um

 - 
P
B
&
L\
F
ig
ur
es
\R
ep
or
tF
ig
ur
es
\S
to
ra
ge
\L
yr
4-
S
S
.m
xd
 

12
 D
ec
 2
01

7





\\u
sp

hx
2s

02
\P

hx
2-

F
ile

s\
P
ro

je
ct

s\
C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\S

to
ra

ge
\L

yr
5-

S
S
.m

xd
 

12
 D

ec
 2

01
7



Z
:\P

ro
je

ct
s 
I C

lie
nt

s 
I U

S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\F

in
al

 H
ea

d 
M

ap
s\

F
ig

ur
ex

-C
lim

at
eB

as
ed

_F
ul

ly
E
nc

lo
se

d.
m

xd
 

12
 D

ec
 2

01
7



W
us

sl
cl

s0
1\

IF
O

\ln
du

st
ria

l P
ro

je
ct

s\
P

B
&

L 
&

U
S

 M
ag

ne
si

um
\2

01
7 

G
W

D
is

ch
 P

er
m

it 
P

h2
\6

.0
 S

tu
di

es
, R

ep
or

ts
, P

la
ns

\1
1 

G
ro

un
dw

at
er

 M
od

el
\F

ig
ur

es

Observed Salt Water Equivalent Hydraulic Head (ft amsl)

Mean Absolute Enron 0.389 ft 

Root-Mean Square Error: 0.484 ft

usmasr
US MAGNESIUM

MODEL-PREDICTED VS OBSERVED 
SALTWATER EQUIVALENT 

HYDRAULIC HEAD

_____________Figure 23________________





Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S
 M

ag
ne

si
um

 - 
P
B
&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\F

in
al

 H
ea

d 
M

ap
s\

F
ig

ur
ex

-C
lim

at
eB

as
ed

_F
ul

ly
E
nc

lo
se

d.
m

xd
 

12
 D

ec
 2

01
7

: ■ Viti«
^ S'

h

■ 7'.

'}x\
I

; v#-- ^trr I
T *

ijtj ^ m «

\
V

1 - ., *A
<# -■'yJ-S.T V,».

\

r/vA>^
■. 1

arPt-
\ \

*■•>-- ,, v,x ■- • \

/
/ ^ ^

'• * A

m:
fei

^ ^ *»*\ ,

~Wr 1-* ^ •

W E-Afg

■ • \ m

.-r' \ :‘4\ \

m
~sjA

\
-i ''■•...I \

\ \. ; CrtK-O.^O,,^ . V \
' ’'^^1

C

k

v'- t ^.’

#Ir

w 'AAady

■’jHP* W ■ ,7

■

1 •' /,< ■ ^

®Ss8

... i ..■. i¥US«i^

«•• wsrifc

; A .,.. ./:■

* a\ i



Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S

 M
ag

ne
si

um
 - 

P
B

&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\F

in
al

 H
ea

d 
M

ap
s\

F
ig

ur
9X

-C
lim

at
eB

as
ed

_P
ar

tia
lly

E
nc

lo
se

d.
m

xd
 

12
 D

ec
 2

01
7

US MAGNESIUM 
CALCULATED LAYER 1 SALTWATER 

EQUIVALENT PIEZOMETRIC SURFACE: 
CLIMATE-BASED PARTIALLY ENCLOSED 

POND AFTER 23-YEAR SIMULATION 

_________ Figure 25



Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S

 M
ag

ne
si

um
 - 

P
B

&
L\

F
ig

ur
es

\R
ep

on
F

ig
ur

es
\F

in
al

 H
ea

d 
M

ap
s\

F
ig

ur
eX

-W
or

st
C

as
eS

ce
na

no
__

F
ul

ly
E

nc
lo

se
d.

m
xd

 
12

 D
ec

 2
01

7
Calculated Saltwater 
Equivalent Elevations
(ft amsl - 2 ft interval)

Model Domain

*4^1 • k--

? . -1,r

■ ■ r

US MAGNESIUM 
CALCULATED LAYER 1 SALTWATER 

EQUIVALENT PIEZOMETRIC SURFACE: 
MAXIMUM POND STAGE FULLY ENCLOSED 

POND AFTER 30-YEAR SIMULATION

Figure 26



Z
:\P

ro
je

ct
s\

C
lie

nt
s\

U
S

 M
ag

ne
si

um
 - 

P
B

&
L\

F
ig

ur
es

\R
ep

or
tF

ig
ur

es
\F

in
al

 H
ea

d 
M

ap
s\

F
ig

ur
cX

-W
or

st
C

a5
eS

ce
na

rio
_P

ar
tia

lly
E

nc
lo

se
d.

m
xc

l 
12

 D
ec

 2
01

7

iertiiS

m ; ■ ‘ M

. ■ ' i
■ *. »■ |

K

^»4,. -

\\

\. x

»«< * J. *-r

'.’S.
, • «

4 .

Q ; ^

i v , J

t/r

*

■'# f *.

; V-

’
'

rM*'*

fe. ’

7:

..

'W %.

a?

i* ‘

.

A.. V

■1% ^ 
*...... <-

’^Ksm :*

V

u; . 

p -\ - 1 -

^......................................:i:

US MAGNESIUM
CALCULATED LAYER 1 SALTWATER 

EQUIVALENT PIEZOMETRIC SURFACE: 
MAXIMUM POND STAGE PARTIALLY 
ENCLOSED POND AFTER 30-YEAR 

SIMULATION
_____________Figure 27____________



\\usphx2s02\Phx2-Files\Projects\Clients\US Magnesium - PB&L\Figures\ReportFigures\FigureX-Pathlines_CiimateBased-FullyEnclosed.mxd



12 Dec 2017

^-v., ■ -MSSmS IL™

V - X '

A>*<y i
A . ... ^^ : r

/-*
; ~ -
\ —j, j- -:

■■

■ : ft: ■>■•.''»' .i

NS
: 2 
; t
ll

/ //
/
/

I
/

I'S,'- .
/ ..Al

i;
/>'•,/;\ ,J^O

' v rv: y/J ~ j
_ - • J~ ,,*^r 1 / .#



12 Dec 2017





W
us

sI
ds

O
I\I
F
O
M
rd
us

tr
ia
l P

ro
je
ct
s\
P
B
&
L 
&
U
S
 M

ag
ne

si
um

\2
01

7
 G

W
D
is
ch

 P
er
m
it 
P
h2

\6
.0
 S

tu
di
es

, R
ep

or
ts
, P

la
ns

M
 1
 G

ro
un

dw
at
er
 M

od
el
\F
ig
ur
es
 

72
 D

ec
 2
01

7









GREAT LAKES 
ENVIRONMENTAL & 
INFRASTRUCTURE

GLEI.COM ROCKLIN, CA 95765

P 916.462.6400 | F 916.783.0215

6558 LONETREE BOULEVARD

December 12, 2017 Transmitted via Email

Mr. Rob Hartman 

Environmental Manager 

US Magnesium, LLC 

12819 N. Rowley Road 

N. Skull Valley, UT 84209

Office: (801) 532-1522 ext. 1355 

Mobile: (208) 241-8216

Subject: REVISED Proposal for Slurry Cutoff Wall Compatibility Testing

Dear Mr. Hartman:

Per your request, the following REVISED cost proposal is to perform a compatibility testing for the 

proposed slurry cutoff wall in accordance with our site visit conducted on 20 July 2017, additional 

information provided in your email dated 21 July 2017, responses to our 21 August 2017 

correspondence and follow up meeting with US Magnesium and Stantec on 1 December 2017.

PROJECT UNDERSTANDING

Based on the information provided, it is our understanding that US Magnesium is contemplating the 

installation of a slurry cutoff wall to mitigate impacted groundwater seepage at the project site. Based 

on the data presented, a summary of the existing site conditions and proposed slurry cutoff wall 

dimensions includes:

DESCRIPTION VALUE

pH of wastewater <1 (approx. 10% HCI)

IDS of wastewater 60,000 ppm

SPT blow counts 2 to +100

Depth of cut-off wall (keyed into clay layer) 45 feet

Total length 4,144 feet

Minimum width top of embankment 18 feet

In particular, it should be noted that an unusually hard layer of calcium carbonate, known as Oolite, is 

generally present in zones between 9 to 14 feet below ground surface with an average thickness of 1 to 

5 feet. We currently assume that this layer can be readily excavated using traditional slurry trench 

excavation equipment (i.e. long reach excavator).

US Magnesium, LLC 

Tooele County, Utah



SCOPE OF WORK

Great Lakes Environmental & Infrastructure (GLE&I) proposes to support US Magnesium in the 

development of a Mix Design/Compatibility Study for this cutoff wall. The objective of the mix design 

and compatibility study is to evaluate the effectiveness of a cutoff wall at the proposed alignment over 

time when exposed to site groundwater and pond constituents. GLE&I understands that there are 

unlined ponds containing effluent from chemical processing with a pH between 1.0 and 2.0. It is 

presumed that this water contains a significant quantity of salts and dissolved minerals.

To effectively evaluate the materials proposed for the cutoff wall, GLE&I will require geotechnical 

information and soil samples acquired from borings within a localized area along the alignment of the 

proposed cutoff wall. The intent of the geotechnical investigation is to obtain data sufficient to define 

the soil strata, including key material (confining layer) and their physical properties including soil type, 

gradation, moisture content, and bulk (in situ) soil density. A minimum of four (4) discrete soil borings 

should be performed in adjacent locations (e.g. less than 5 feet apart). A minimum of (3) three bulk 

samples should be collected at approximately 10 ft. depth intervals at each boring location, including a 

sample of the key material. The total sample size should fill approximately one (1) five gallon bucket at 

each boring location. Geotechnical analysis including particle size gradation and Atterberg limits will be 

performed for each bulk sample at an Owner specified laboratory. Remaining samples of soils shall be 

shipped to Geo-Logic Associates laboratory in Grass Valley, California for further evaluation of potential 

mix designs.

Upon receipt of the bulk samples and review of boring logs and initial geotechnical lab test results, a 

composite soil sample will be created that will contain the blend of soils typically specified for soil-clay 

cutoff walls. A minimum of three mix designs will be developed that will include the slurry type 

intended for trenching and required percentages of dry addition of clay and other potential reagents.

The slurry intended for cutoff wall construction will be pilot tested by mixing with site soils and an 

additional 15% by volume of "worst case" effluent. The worst case effluent is the pond water sample 

representing the highest mineral content and the lowest pH. Effects on the slurry properties will be 

evaluated for constructability and durability purposes. A total of two (2) each, five (5) gallon 

buckets/carboys of each effluent will be required for compatibility testing. The effluent samples shall be 

collected by the Owner and shipped to Geo-Logic Associates laboratory in Grass Valley, California.

Having selected the three mix designs and the appropriate support slurry (trench slurry), samples will be 

taken from the composite soil sample and tested for hydraulic conductivity. One (1) hydraulic 

conductivity tests will be performed on each composite soil sample, including one with deionized (Dl) 

Water as the permeant and three (3) with Worst Case Pond Water as the permeant, for a total of four 

(4) hydraulic conductivity tests. Testing Dl water as the permeant will provide a control with which to 

compare to the results of the Worst Case Pond Water conductivity test.

The next phase of the study will investigate the longer term effects of Worst Case Water on the selected 

backfill mix commonly referred to as compatibility testing. Compatibility testing evaluates changes in 

hydraulic conductivity over time using Site groundwater as a permeant to determine if backfill materials 

degrade or are affected by Site groundwater or pond effluent. In the interest of economy, GLE&I will 

select one mix from the initial investigation on which to perform the compatibility study. The 

compatibility study will be performed in accordance with ASTM D7100 - Standard Test Method for

GREAT LAKES 
ENVIRONMENTAL & 
INFRASTRUCTURE

2



Hydraulic Conductivity Testing of Soils with Aqueous Solutions. The duration of the compatibility test is 

measured by achieving chemical equilibrium of which time is directly related to the hydraulic 

conductivity and length of sample, i.e. the lower the hydraulic conductivity, the longer the test will take 

to achieve chemical equilibrium. GLEI&I will use a large diameter flexible wall permeameter with a 

sample formed as thin as feasible (1/2 inch). It is expected to permeate the sample for a minimum of 10 

weeks. During the compatibility test, GLE&I will measure pH, electrical conductance, and temperature 

of the effluent on a continuous basis. Measurements of these parameters will be data logged for 

evaluation of chemistry changes which may occur throughout the course of the investigation.

GLE&I commonly partners with industry experts and consultants to assist with mix design evaluation 

and compatibility testing, specifically in challenging environments. GLE&I intends to solicit support from 

long time professional associates, Slurry Engineering and Geo-Logic Associates for evaluation of the 

trench slurry and selection of a backfill mix design.

PRICING: COMPATIBILITY TESTING

ITEM
NO.

DESCRIPTION ESTIMATED
QUANTITY

UNIT UNIT
PRICE

TOTAL

001 GLE&I Project Manager 20 HR $115.00 $2,300.00

002 GLE&I Technical Lead 40 HR $90.00 $3,600.00

003 Slurry Engineering Consulting 50 HR $140.00 $7,000.00

004 Geo-Logic Consulting 10 HR $140.00 $1,400.00

005 Geo-Logic Laboratory Costs 13,500 T&M $1.00 $13,500.00

TOTAL BID AMOUNT $27,800.00

CLOSING

This proposal is being provided to determine a not-to-exceed budget to perform the subject scope of 

work and is intended to be administered as a time and materials agreement. Any future formal cost 

proposals to perform the work will be subject to executing a mutually acceptable Subcontract 

Agreement. Should you require any further information or discussion of this proposal in detail, please 

contact me at 916-462-6400.

Yours truly,

GREAT LAKES ENVIRONMENTAL & INFRSTRUCTURE (GLEI), LLC

La

Matthew D. Marks

Vice President-West Region

GREAT LAKES 
ENVIRONMENTAL & 
INFRASTRUCTURE
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Sign-off Sheet

This document entitled Compliance Monitoring Plan 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

Jacob Trauscht

Reviewed by

Susan Eyzaguirre, PE, PG

Approved by

Hhan Olsen, PG
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Acronyms and Abbreviations

approximately

> greater than

< less than

amsl
barrier wall

BAT
bgs
CMP
cm/s
CWP
DO
DWQ
ft/day
GSL
GWDP
Main Ditch
mg/L
MS/MSD
NTU
ORP
OWP
PGP
PID
PVC
RWP
SOP
IDS
UAC
ug/L
UDEQ
USEPA

above mean sea level 
hydraulic barrier wall 
best available technology 
below ground surface
Compliance Monitoring Plan 

centimeters per second
Current Waste Pond
dissolved oxygen
Division of Water Quality 

feet per day
Great Salt Lake
Groundwater Discharge Permit 
combined discharge ditch 
milligrams per liter
matrix spike / matrix spike duplicate 
nephelometric turbidity units 
oxidation reduction potential
Old Waste Pond
pentachlorophenol 
photo-ionization detector 
polyvinyl chloride
Retrofitted Waste Pond
standard operating procedure 
total dissolved solids
Utah Administrative Code
micrograms per liter
Utah Department of Environmental Quality 

United States Environmental Protection Agency
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1.0 INTRODUCTION

This Compliance Monitoring Plan (CMP) 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 plan complies with requirements outlined in Utah Administrative Code (UAC) R-317- 
6-6.3 and follows guidelines presented in the Utah Department of Environmental Quality 
(UDEQ) Division of Water Quality (DWQ) Ground Water Quality Protection Permitting 
Information Document (UDEQ, 2006).

The US Magnesium facility (Facility) processing plant produces a low-pFI wastewater 
stream that is currently conveyed to an unlined evaporation pond. An expanded and 
retrofitted wastewater evaporation pond is proposed to meet Utah GWDP requirements 
outlined in Utah Administrative Code (UAC) R317.6. The RWP is expected to be 
approximately 800 acres in size and the groundwater discharge control system design 
concept includes installation of hydraulic barrier walls along the pond dikes to prevent 
migration of wastewater beyond the pond footprint (Figure 1-2).

This Compliance Monitoring Plan (CMP) outlines sampling and monitoring activities 
proposed to evaluate the performance of the RWP that has been designed to protect 
surrounding groundwater. Performance monitoring activities described in this plan 
include:

• Groundwater sampling

• Groundwater level monitoring

• Source water (pond influent and pond surface water) sampling

• Discharge control system inspections

1.1 FACILITY DESCRIPTION AND BACKGROUND

The Rowley Facility, located in Tooele County, has been operated since 1972. As shown 
in Figure 1 -1, the Facility is located along the west shore of Great Salt Lake on 4,424 
acres in Lakeside Valley, an extension of Skull Valley, Utah. The Facility extracts 
magnesium from the mineral-rich waters of Great Salt Lake and produces principal 
products of elemental magnesium and chlorine. Low-pFI process wastewater is 
currently conveyed through open, unlined ditches that discharge into an unlined 
evaporation pond located north and east of the processing facility. A Facility map 
and locations of the Current Waste Pond (CWP), including the northeast and southeast 
sections, and the Old Waste Pond (OWP) are shown on Figure 1-2.
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1.2 PROPOSED GROUNDWATER DISCHARGE CONTROL SYSTEM 
DESCRIPTION

The Utah Administrative Code (UAC) R317-6 rules require that best available technology 
(BAT) be used to minimize any discharge of pollutants to groundwater. The 
groundwater discharge control system proposed for the US Magnesium GWDP is a 
Retrofitted Waste Pond (RWP) that involves expansion of the CWP and installation of a 
hydraulic barrier wall (barrier wall) to prevent discharged wastewater from migrating 
into surrounding groundwater. Before discharging to the RWP, the Facility's wastewater 
will be treated for organic contaminants and conveyed to the RWP through new 
discharge piping. A full description of the discharge control system design is presented 
in the US Magnesium GWDP Groundwater Discharge Control Plan (Stantec, 20t7a).

1.3 GROUNDWATER

Groundwater in the vicinity of the Facility is derived from precipitation that falls wifhin 
the drainage basin, primarily from snowmelt and rainfall, on lands above 6,000 feet 
above mean sea level (amsl). Groundwater flows across the proposed RWP area from 
southwest to northeast, towards Great Salt Lake (GSL). Depths to groundwater vary 
from approximately 0.3 to 16 feet below ground surface (bgs) in wells completed in the 
upper shallow aquifer zone (Upper Aquifer Zone) across the area. Higher groundwater 
elevations in the lower portion of the shallow aquifer (Lower Aquifer Zone) demonstrate 
a slight upward vertical hydraulic gradient from the Lower to Upper Aquifer Zone, 
indicating the pond area lies in a discharge zone of the regional groundwater system 
(Stantec, 2017a).

Groundwater elevations and flow directions in the vicinity of the RWP are predicted to 
change after the barrier wall is installed. Refer to the US Magnesium Groundwater 
Model Report, Appendix F of the Groundwater Discharge Control Plan, for details of 
groundwater modeling scenarios and results (Stantec, 2017a).

1.3.1 Hydrogeology

Groundwater immediately below and in the immediate vicinity of fhe RWP may be 
divided into three primary hydrogeologic units, all part of the regional shallow aquifer:

• Upper Aquifer Zone (to approximately 35 feet bgs)

• Deeper Silty Clay Unit (approximately 35-55 feet bgs)

• Lower Aquifer Zone (approximately 55 feet bgs to an undetermined depth).

The Upper Aquifer Zone is largely unconfined and extends down to the Deeper Silty 
Clay Unit, which acts as a confining layer for the Lower Aquifer Zone. The Upper Aquifer 
Zone consists of fine sands, silts, and clays and includes a significant layer of oolitic 
sands particularly in the northern portion of the RWP area. The Deeper Silty Clay Unit is a
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low to medium plasticity clay/silty clay, and the Lower Aquifer Zone consists of silty and 
fine-grained sands interbedded with lenses of low to medium plasticity clay/silty clays.

Horizontal hydraulic conductivities calculated using Upper Aquifer Zone pumping test 
results range from 14-30 feet per day (ft/day) (0.0049 to 0.0106 cm/s) typically 
characteristic of silty sands, while horizontal hydraulic conductivities in the Lower Aquifer 
Zone are generally lower, in the range of 0.7 to 4 ft/day (2.5 x 1 O'5 to 1.41 x 1 O'3 cm/sec) 
due to a higher percentage of silty sands and clays in the Lower Aquifer Zone. Vertical 
hydraulic conductivities in the Deeper Silty Clay Unit are in the 10-7 to 10-8 cm/s range, 
which is characteristic of lean clay. (More detailed discussion and hydrogeological 
data analyses are included in the GWDP Hydrogeologic Report [Stantec, 2017b]).

1.3.2 Current Groundwater Quality

Overall, groundwater in the Upper and Lower Aquifer Zones in the vicinity of the RWP is 
of poor quality and is not suitable for potable uses. Due to total dissolved solids (IDS) 
concentrations, it is classified under UAC R317-6-4 Section 4.7 as Class IV Saline (IDS 
concentrations abovel 0,000 milligrams per liter [mg/L]). IDS concentrations generally 
increase from west to east, and are higher in the Deeper Aquifer Zone than in the 
Upper Aquifer Zone in the RWP area.

In an effort to establish baseline groundwater quality, four rounds of groundwater 
samples were collected from ten wells located along the eastern dike of the CWP in 
2017. IDS concentrations in wells screened in the Lower Aquifer Zone are generally 
higher than those screened in the Upper Aquifer Zone (85,000 - 160,000 compared to
40,000 - 73,000 mg/L, respectively). Data from these ten 2017 baseline sampling wells 
are included in Table 1 -1. Concentrations of some metals (i.e., iron, arsenic, aluminum 
to name a few) are higher in the Upper Aquifer Zone (and in plant discharge and CWP 
surface water) than in the Lower Aquifer Zone.

Groundwater pH generally increases with depth and distance from the CWP. 
Immediately downgradient (east) of the CWP, measurements of pH in the Upper 
Aquifer Zone ranged from 5.4 to 7.8 during 2017 sampling events. Measured pH at MW- 
22A, screened within the Upper Aquifer Zone just above the Deeper Silty Clay Unit, is 
consistently higher than wells screened across shallower depths of the Upper Aquifer 
Zone. In 2017, groundwater pH measurements for the Lower Aquifer Zone ranged 
between 6.9 and 7.8, which are generally higher than values measured in the Upper 
Aquifer Zone.

US Magnesium has proposed to construct a wastewater treatment plant that will 
remove organic constituents from the Facility wastewater. Because the wastewater is 
expected to be treated for organic constituents prior to being discharged into the RWP, 
inorganic constituents are the focus of this CMP and Groundwater Protection Levels are 
not proposed for organic constituents. Organic constituents detected in the ten 2017 
baseline groundwater monitoring wells are presented and discussed in the US 
Magnesium GWDP application Hydrogeologic Report (Stantec, 2017b).

US Magnesium GWDP Compliance Monitoring Plan
December 15, 2017
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1.4 SURFACE WATER

No perennial streams 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 the canyons. 
Groundwater seeps have been observed in the vicinity of the CWP and the OWP and 
resulting ponded areas vary seasonally (ERM, 2016).

1.5 COMPLIANCE MONITORING OBJECTIVES

The overall objective of monitoring activities presented in this CMP is to provide data to 
evaluate the effectiveness of the proposed groundwater discharge control system. 
Proposed compliance monitoring activities and specific objectives are outlined in the 
table below.

US Magnesium GWDP Compliance Monitoring Plan
December 15, 2017

Table 1-2

Compliance Monitoring Scope and Objectives

Monitoring Activity Description Objectives

Groundwater
Sampling

Collect and analyze groundwater 
samples from wells located outside and 
downgradient of the barrier wall, and 
from deeper wells located on the CWP 
east dike that are screened beneath the 
pond (below the Deeper Silty Clay Unit); 
analyze for compliance monitoring 
parameters.

• Monitor groundwater quality below, 
downgradient, and cross-gradient of 
the RWP.

• Assess groundwater discharge 
control system performance.

• Evaluate compliance with 
Groundwater Protection Levels 
established in the GWDP.

Groundwater
Level Monitoring

• Measure water levels in paired 
piezometers completed inside and 
outside of the RWP barrier wall.

• Measure water levels in select 
piezometers located immediately 
upgradient of the RWP.

• Evaluate barrier wall effectiveness.
• Evaluate groundwater flow 

immediately upgradient (west) of 
the RWP.

Source Water 
Sampling and Flow 
Monitoring

Collect and analyze RWP influent and 
pond surface water samples for a full 
suite of constituents; measure discharge 
flows (UAC R317-6-6 6.3 L).

• Confirm chemisfry and volume of 
constituents entering, and 
contained in, the RWP.

• Assess potential changes over time.

Discharge Control 
System Inspections

Routinely inspect visible components of 
the groundwater discharge control 
system: plant discharge outfall, pond 
dikes, and monitoring wells/piezometers.

Assess condition of the groundwater 
discharge control system and 
compliance monitoring facilities.

2.0 PROPOSED GROUNDWATER COMPLIANCE MONITORING 
NETWORK j ;

Groundwater compliance monitoring will include groundwater sampling and 
groundwater level monitoring.

Locations of proposed compliance sampling locations are shown on Figure 2-1. The 
proposed wells/piezometers are completed in both the Upper and Lower Aquifer Zones
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to monitor potential groundwater chemistry impacts from discharges to the RWP. 
Monitoring wells and piezometers proposed for compliance groundwater sampling are 
located on the outside of the barrier wall (north, east, and south); those circled in 
yellow are completed in the Upper Aquifer Zone, and those circled in green are 
completed in the Lower Aquifer Zone (below the Deeper Silty Clay Unit). Proposed 
groundwater level compliance wells/piezometers are circled in blue.

Construction details for proposed compliance sampling wells/piezometers are listed in 
Tables 2-la and 2-lb, for those completed in the Upper Aquifer Zone and the Lower 
Aquifer Zone, respectively. Individual well/piezometer construction logs for existing 
proposed compliance wells/piezometers are included in Appendix A.

3.0 PROPOSED GROUNDWATER PROTECTION LEVELS

In accordance with UAC R317-6-4.Z, Groundwater Protection Levels for Class IV 
groundwater are not specifically prescribed but are to be established to protect 
human health and the environment. Proposed groundwater compliance constituents 
and associated protection levels presented in this CMP are based on groundwater 
baseline and source water (including pond influent and CWP surface water) sampling 
data collected between 2014 and 2017.

3.1 BASELINE MONITORING RESULTS

3.1.1 Baseline Groundwater Sampling Results

Baseline groundwater samples were collected between February 2014 and November 
2017 from ten wells/piezometers completed in the Upper Aquifer and Lower Aquifer 
Zones in the area of the planned RWP. Samples for up to four sampling rounds were 
analyzed for a full suite of inorganic constituents as shown in Table 1 -1.

A total of eight rounds of baseline data will be required for the compliance monitoring 
wells/piezometers selected for the GWDP compliance monitoring program. These 
eight-point data sets will be used to establish Groundwater Protection Levels for each 
compliance monitoring well/piezometer based on the mean plus two times the 
standard deviation of each data set. Additional baseline sampling will be conducted 
once the final list of compliance sampling wells/piezometers is approved.

3.1.2 Baseline Source Water Sampling Results

Plant wastewater discharge and CWP surface water are considered source waters for 
the GWDP. Three combined wastewater discharge ditch (Main Ditch) samples were 
collected and analyzed for inorganic constituents in 2017 to characterize the 
processing plant effluent and assist in identifying appropriate permit compliance 
monitoring parameters. Source water samples were collected from the Main Ditch in 
June, September, and November 2017, and CWP surface water samples were
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collected at five different locations in July 2015. These source water sample results are 
listed in Table 3-1. Note that concentrations of a number of inorganic constituents are 
significantly higher in the pond surface water than in the wastewater discharge stream; 
for example, aluminum, iron, manganese, potassium, sodium, sulfate, and IDS. These 
higher pond water concentrations are likely due to effects of evapoconcentration over 
time.

Groundwater sampling compliance constituents were identified based on a 
comparison of source water and groundwater concentrations in the vicinity of the RWP. 
Source water indicator constituents (those detected in source water at least one order 
of magnitude above concentrations in groundwater in the RWP area) were selected as 
compliance sampling parameters, and are listed below:

• Aluminum

• Arsenic

• Chromium

• Iron

• Nickel

• Vanadium

• Zinc

In addition to the metals listed above, low pH also is characteristic of the source water, 
and is proposed as a groundwater sampling compliance parameter as well. Source 
water pH measurements are typically less than 2 (Table 2-1), while groundwater pH 
values are typically in the 5-7 range (Table 1 -1).

Compliance parameters and their proposed Groundwater Protection Levels for the 
three proposed compliance monitoring wells for which more than one sampling round 
has been conducted are listed in Table 3-2. Groundwater Protection Levels are 
proposed for each compliance sampling point, following the state of Utah protocol of 
the mean plus two times the standard deviation of baseline data collected between 
2014 and 2017. (Compliance sampling locations are presented and discussed in 
Section 2.0 of this CMP.)

Because TDS levels at groundwater monitoring wells/piezometers located within, and 
downgradient of, the RWP are all greater than 10,000 mg/L, groundwater that may 
potentially be impacted by the pond is Class IV Saline, and is not considered to be a 
potential source of drinking water or as a source for industrial or agricultural uses.

3.2 PROPOSED GROUNDWATER PROTECTION LEVELS AND 
PERFORMANCE MONITORING PARAMETERS
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4.0 WATER SAMPLING PROGRAM

4.1 GROUNDWATER SAMPLING

Groundwater sampling data will be used to evaluate groundwater quality beneath 
and outside (primarily downgradient) of the RWP. Water quality parameters will be 
measured and recorded in the field and samples will be collected and sent to a 
laboratory for analyses of groundwater compliance constituents and pH will be 
measured in the field as a compliance parameter.

4.1.1 Groundwater Sampling and Sampling Procedures

Groundwater samples will be collected according to methods and procedures outlined 
in Standard Operating Procedure (SOP) 20, included in Appendix B. Low-flow sampling 
methods will be used, and purge water will be disposed on the site.

4.1.2 Groundwater Sampling Parameters, and Analyses

Laboratory analytes and field-measured parameters proposed for compliance 
groundwater sampling are listed in Table 4-1 below.

Table 4-1
Proposed Groundwater Compliance Sampling Analytes and Parameters

Analyte / Parameter Laboratory Method

Baseline Source 

Water Ranged

(ug/L)

Downgradient Groundwater 

Concentration^!

(ug/L)

Aluminum (Total) EPA 6020A 1,800 - 110,000 <50

Arsenic (Total) EPA 6020A 84 - 460 30

Chromium (Total) EPA 6020A <2.0 - 350 <2.0

Magnesium (Total) EPA 6020A 943,000 - 4,000,000 7,400,000

Nickel (Total) EPA 6020A <1.0-270 5.9 J

Vanadium (Total) EPA 6020A <2.0 - 1,500 <6.0

Zinc (Total) EPA 6020A 110-520 9.9

pH Measured in field 0.0-2.4 7.4

(a) Data from main discharge ditch and CWP surface water samples 2014 - 2017; lower end of range is typical of Main 
Ditch sample results and upper range typical of CWP sample results.

(b) Existing piezometer PZ-6 data for samples collected in January 2014; PZ-6 is completed in Upper Aquifer Zone and 
located downgradient of the proposed Retrofitted Waste Pond. These data will be updated as additional baseline 
groundwater sampling is conducted.

Groundwater analytes/parameters will be measured to evaluate whether source water 
has leaked into groundwater outside the RWP.

4.1.3 Proposed Groundwater Sampling Frequency

Compliance groundwater samples will be collected and analyzed on a semiannual 
basis for the first five years of compliance monitoring. However, based on data
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evaluation after five years the frequency of groundwater sampling, as well as analytical 
parameters, may be modified as approved by DWQ (refer to Section 9.0 of this CMP).

4.2 SOURCE WATER

Source water sample results will confirm the characterization of the Facility wastewater 
that is discharged to, and contained in, the RWP. Water samples will be collected from 
the influent wastewater stream and CWP surface water to confirm identified 
groundwater compliance analytes and parameters. The Facility wastewater discharge 
stream and the surface water in the RWP will be sampled for a full suite of total metals 
and water quality parameters and other inorganic constituents such as nitrate, nitrite, 
perchlorate, cyanide, phosphate, sulfate, alkalinity, and IDS. As previously mentioned, 
the Facility wastewater stream will be treated for organic contaminants with a new 
wastewater treatment system, which is intended to be operating prior to completion of 
the RWP; therefore, the proposed analyte list does not include organic constituents.

In addition to the source water sampling, pond influent flows will be measured and 
recorded semiannually to assess the volume of water entering the proposed new 
wastewater pond.

4.2.1 Source Water Sampling Locations

Facility wastewater discharge samples will be collected at an effluent sampling port or 
at the end of the combined wastewater pipe (at the point it discharges into the RWP) 
and at a pond surface water location shown in Figure 2-1. The wastewater stream will 
be sampled downstream of all wastewater inflows. The RWP surface water sample will 
be collected at a location near the current CWP/OWP connector pipe that can be 
accessed along the CWP eastern dike.

4.2.2 Source Water Sampling Methods and Analytes

4.2.2.1. Pond Influent Sampling. The Facility wastewater stream will be sampled with a 
Teflon dipper or a peristaltic pump with disposable Teflon tubing, as described in SOP 21 
in Appendix B. A 0.45-micron filter will be used to collect samples that require filtration in 
the field. Samples will be collected in containers as specified in the SOP and analyzed 
for constituents listed in Table 4-2.

US Magnesium GWDP Compliance Monitoring Plan

December 15, 2017

(5 Stantec 8



US Magnesium GWDP Compliance Monitoring Plan

December 15, 2017

Table 4-2

Proposed Source Water and RWP Surface Water Sampling Analytes and Parameters

Analyte / Parameter Laboratory Method

Alkalinity, Total as CaCOS EPA 310.1 /SM2320B

Total & Dissolved Metals (Ca, Mg, K, Na, Al, Sb, As, Ba, Be, Cd, Cr, Co,
Cu, Fe, Pb, Mn, Mo, Ni, Se, Ag, Tl, V, Zn)

EPA 6020A

Anions (Cl, Nitrate as N, Nitrite as N, Phosphate as P, Sulfate) EPA 300.0

Perchlorate EPA 6850

Total Dissolved Solids EPA 1 60/SM2540C

Total Cyanide SW9012B

pH, Dissolved Oxygen, Specific Conductivity, Oxygen Reduction 
Potential, Temperature

Measured in field

4.2.2.1. RWP Surface Water Sampling. The RWP surface water samples will be collected 
with a Teflon dipper or a peristaltic pump and disposable tubing, as outlined in SOP 21 
included in Appendix B. A 0.45-micron filter will be used to collect samples that require 
filtration in the field. Samples will be collected in containers as specified in the SOP and 
analyzed for compliance constituents listed in Table 4-2.

4.2.3 Sampling Frequency

Source water samples will be collected and analyzed annually. However, based on 
data evaluation after five years the frequency of source water sampling, as well as 
analytical parameters, may be modified as approved by DWQ (refer to Section 9.0 of 
this CMP).

5.0 WATER LEVEL MONITORING PLAN

Groundwater levels will be measured to evaluate performance of the groundwater 
discharge control system. The proposed groundwater level monitoring network is 
presented in Table 5-1. Barrier wall effectiveness will be assessed by comparing water 
levels in proposed paired piezometers (each pair includes one piezometer located 
inside and one outside of the hydraulic barrier wall), and additional piezometers 
located upgradient of the pond to evaluate groundwater flow directions west of the 
RWP. Proposed piezometers will be screened from five feet below grade to the full 
depth of the barrier wall (entire Upper Aquifer Zone).

Prior to purging of any wells, depths to water inside each well/piezometer casing will be 
measured to 0.01 feet from the surveyed measuring point using an electronic water- 
level indicator. Groundwater elevations will be calculated for each monitoring 
well/piezometer by subtracting the recorded depth to water from the surveyed 
measuring point elevation of the wellhead.

Q| Stantec
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Groundwater levels will be measured quarterly. However, based on data evaluation 
after five years the frequency of groundwater level monitoring may be modified as 
approved by DWQ (refer to Section 9.0 of this CMP).

6.0 DISCHARGE CONTROL SYSTEM INSPECTIONS

Groundwater monitoring facilities and RWP system components will be inspected to 
evaluate the performance and condition of the Groundwater Discharge Control 
System. This section provides detailed descriptions of the methods and procedures for 
performing and documenting routine and contingent inspections. This plan does not 
include actions to be taken in response to damages identified during inspections; such 
actions are described in the Contingency Plan included as part of this GWDP.

6.1 INSPECTION FREQUENCY

Routine inspections of embankments, the connector pipe that currently allows 
hydraulic connection between the CWP and OWP, and the wastewater discharge 
outfall will be performed monthly during normal operating conditions, where normal 
operating conditions are defined as a ponded elevation of 4,215 ft amsl or lower.
During high water periods in which the ponded elevation is above 4,215 ft amsl, 
inspections of the embankments and CWP/OWP connector pipe will be performed 
weekly.

Inspections also will be performed following significant storm or seismic events. A 
significant storm event is one in which more than one inch of rain falls within a 24-hour 
period. A qualifying seismic event is defined as an event that (1) exceeds a magnitude
5.0 on the Richter Scale with an epicenter within a 20-mile radius, or (2) exceeds a 
magnitude 6.0 on the Richter Scale with an epicenter within a 50-mile radius.

Monitoring wells will be inspected each time a sampling or groundwater level 
monitoring event is performed.

6.2 INSPECTION PROCEDURES

Inspections will be performed by qualified US Magnesium personnel, typically the 
Environmental Manager, Environmental Coordinator or their designee.

6.2.1 Embankment Inspections

The embankment inspections will occur along the embankments of the pond and will 
be comprised of two passes, one beginning at the southwest terminus of the barrier wall 
and proceeding counter-clockwise along the embankment towards the northwest 
terminus of the barrier wall. A second pass will proceed in a clockwise direction back 
to the starting point at the southwest terminus of the barrier wall (Figure 1 -2).

The inspector will drive at a slow speed to be able to safely observe the condition of the 
embankments while driving. Areas identified during the driving inspection that are
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potentially problematic will be inspected on foot. The inspector will be looking for the 
following indicators of damage to or loss of integrity of the embankments and 
associated cut-off walls:

• Seepage from, or piping through, the embankment

• Subsidence/sinkholes in the top/side slopes of the embankments

• Undercutting on the inside of the embankments

• Signs of animal burrows on the top/side slopes of the embankments.

6.2.2 CWP/OWP Connector Piping Inspections

In addition to a general inspection of the RWP embankment integrity, the connector 
pipe embedded in the berm separating the OWP from the CWP will be inspected for 
any material in the pipe that may be inhibiting flow, signs of water bypass around the 
pipe through the embankment, and any indicators of damage to the pipe or pipe 
structures. The current connector pipe may be removed in favor of a breach(s) of the 
embankment (currently separating the CWP and OWP) within the footprint of the RWP. 
In that event, inspection of the connector pipe will cease.

6.2.3 Discharge Piping Inspection

The length of the wastewater discharge conveyance pipe will be inspected for 
potential leaks or other damage. All visible pipe joints, pipe supports and valves will be 
inspected. Any valves should be inspected and if possible exercised to ensure proper 
performance and to prevent valve lockup.

6.2.4 Monitoring Well Inspection

Monitoring wells and piezometers will be inspected during each groundwater sampling 
or groundwater monitoring event. This inspection will include looking for potential 
damage to inner and outer casings, evidence of tampering, and excessive rusting that 
may prevent access.

6.3 DOCUMENTATION AND REPORTING

Inspections will be documented on project-specific field forms. Well inspection notes 
will be written in a weather resistant field book utilized for groundwater sampling and 
groundwater level measurements. Inspection activities will be described and results will 
be included in routine Compliance Monitoring Reports submitted to DWQ as described 
in Section 8.2 of this CMP. All documentation and reports will stored at the Facility.

US Magnesium GWDP Compliance Monitoring Plan
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7.0 GROUNDWATER DISCHARGE PERMIT COMPLIANCE
EVALUATION !

Groundwater sampling data will be used to evaluate groundwater quality beneath 
and outside the hydraulic barrier walls. If groundwater analytical results are detected 
above permitted Groundwater Protection Levels for three consecutive sampling 
rounds, responses outlined in the Contingency and Corrective Action Plan (Stantec, 
2017c) will be followed.

Evaluation of groundwater level data, inside and outside of the barrier walls as well as 
immediately upgradient of the RWP, will be a primary indicator of hydraulic 
performance of the groundwater discharge control system. In general, if the 
potentiometric levels inside the barrier wall are equal or higher than the groundwater 
levels measured on the outside of the wall, hydraulic containment is indicated. If 
groundwater levels become lower inside the barrier wall than outside the barrier wall in 
the paired piezometers, or if groundwater levels upgradient of the pond indicate 
groundwater is flowing from inside the RWP boundary out of the west side of the RWP 
boundary, results will be confirmed over two additional groundwater level monitoring 
events within a 60-day period. If data from all three monitoring events indicate 
hydraulic containment has been lost, responses detailed in the Contingency and 
Corrective Action Plan will be followed (Stantec, 2017c).

8.0 DOCUMENTATION AND REPORTING

8.1 MONITORING DOCUMENTATION

US Magnesium will retain records of all monitoring information, including inspection and 
maintenance records, monitoring field notes, instrument calibration records, and copies 
of all reports required by the GWDP for a period of at least five years from the date the 
work was completed. All documentation and reports will be stored at the Facility.

8.2 ROUTINE MONITORING REPORTS

US Magnesium will submit annual Compliance Monitoring Reports to the DWQ. These 
routine reports will include the following information:

1. Laboratory Analytical Data. Results of all analyses for groundwater and source 
water sampling. Analytical methods and method detection limits will be 
reported as well as sample dates, results, and dates of analyses. Data tables will 
include a column indicating the Groundwater Protection Level for each 
monitoring point, and whether the current monitoring round result is above or 
below compliance levels.

2. Groundwater Level Data. A table with compliance water-level piezometer data 
will be prepared, and will include a column that indicates whether the data for
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paired piezometers and upgradient piezometer water levels indicate 
containment of pond water within the pond boundaries.

3. Noncompliance Indicators. A summary of all data that indicate, or suggest 
potential, noncompliance. A tally of how many consecutive monitoring rounds 
have indicated/suggested noncompliance will be reported.

4. Baseline Data (if applicable). Reporting of any new baseline groundwater 
monitoring results, and updated statistical calculations (i.e., mean, standard 
deviation).

5. Contingency Response Actions. Summary of any Contingency Plan measures 
that have been performed or are in progress.

6. Inspection Results. Summary of inspection results and any maintenance 
performed.

7. Construction or Nonroutine Maintenance. Summary of any new construction or 
modification to facilities that was performed during the reporting period.

8. Pond influent flow data.

9. Field Documentation. Copies of field data sheets, including groundwater 
sampling water quality parameter stabilization data, purge volumes, sampling 
methods, and inspection forms.

8.3 NONCOMPUANCE NOTIFICATIONS

The following noncompliance issues or conditions will be reported to UDEQ within 24 
hours of detection:

• Groundwater Protection Level(s) exceedance at a given compliance 
monitoring location for three consecutive monitoring events

• Potential loss of hydraulic containment, as indicated by groundwater level data 
at a given location over three consecutive monitoring rounds

• Observed RWP wastewater release to the ground surface outside the RWP 
boundary.

Any exceedance of permit Groundwater Protection Levels in a compliance monitoring 
well/piezometer groundwater sample, or indication of hydraulic containment loss, will 
be reported in the next routine monitoring report.

US Magnesium will follow contingency response plans for noncompliance conditions as 
outlined in the GWDP Contingency and Corrective Action Plan (Stantec, 2017c).
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9.0 COMPLIANCE MONITORING PLAN MODIFICATION 
PROCESS

US Magnesium may recommend modifications to the monitoring program and, upon 
DWQ approval, will modify this plan. At a minimum, after the first five years of 
monitoring following completion of construction of the groundwater control system for 
the RWP, US Magnesium and DWQ will meet and review the results of the monitoring 
program and discuss appropriate modifications to the scope and frequency of 
monitoring activities outlined in this CMP. Upon DWQ approval, this CMP will be 
modified accordingly.
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TABLE 1-1

GROUNDWATER DISCHARGE PERMIT BASELINE GROUNDWATER SAMPLING RESULTS 

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

Analyte Units MCL(a) AAW-13B MW-15B

Screened 9-19 feet bgs Screened 9-19 feet bgs

2/4/2014 8/9/2017 9/14/2017 11/2/2017 2/5/2014 8/9/2017 9/14/2017 11/2/2017
11/2/2017

(DUP)

Total Aluminum ug/L
50 to 200

5,400 <1000 <1000 <1000 6,200 6,300 7,100 6,100 6,100

Dissolved Aluminum ug/L 5,600 <1000 - - 6,000 6,000 - - -
Total Antimony ug/L 0.9 J <100 <100 <100 0.78 J <100 <100 <100 <100

Dissolved Antimony ug/L 0.75 J <100 - - 0.73 J <100 - - -
Total Arsenic ug/L

10
30 <50 <50 <50 42 68 66 95 96

Dissolved Arsenic ug/L 28 <50 - - 43 50 - - -
Total Barium ug/L

2,000
350 <250 <250 <250 330 630 730 820 830

Dissolved Barium ug/L 330 <250 -- -- 320 620 -- - -

Total Cadmium ug/L
c.

1.9 J <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Cadmium ug/L 1.5 J <50 - - <1.0 <50 - - -

Total Calcium mg/L
NA

7,500 4570 D 3970 D 3560 D 7500 13300 D 13400 D 13800 D 14500 D
Dissolved Calcium mg/L 7,300 4780 D - - 7400 13400 D - - -

Total Chromium ug/L
100

<2.0 <100 <100 <100 2.9 J <100 <100 <100 <100
Dissolved Chromium ug/L <2.0 <100 - - 2.7 J <100 - ~ -

Total Cobalt ug/L
NA

47 J <50 <50 <50 85 120 180 190 190
Dissolved Cobalt ug/L 52 J <50 - - 84 120 - - -

Total Copper ug/L
1,300

<2.0 <100 <100 <100 3.5 J <100 130 <100 <100
Dissolved Copper ug/L <2.0 <100 - - <2.0 <100 - - -

Total Iron ug/L
300

67,000 J 5,500 8,400 16,000 93,000 190,000 210,000 310,000 310,000

Dissolved Iron ug/L 69,000 J 4,700 - - 91,000 180,000 - - ~
Total Lead ug/L

15
<1.0 <50 <50 <50 <1.0 130 <50 60 63

Dissolved Lead ug/L <1.0 <50 - - <1.0 <50 - - -
Total Magnesium mg/L

NA
4,100 4150 D 3860 D 3300 D 3500 6300 D 6480 D 7750 D 8200 D

Dissolved Magnesium mg/L 3,800 4260 D - - 3400 6350 D - - -
Total Manganese ug/L

50
8,000 310 230 250 11,000 15,000 16,000 21,000 21,000

Dissolved Manganese ug/L 8,200 320 - - 11,000 15,000 - - -
Total Mercury ug/L

9
<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 - _ -
Total Molybdenum ug/L

NA
23 <100 <100 <100 50 <100 <100 <100 <100

Dissolved Molybdenum ug/L 17 <100 - - 44 <100 - - -
Total Nickel ug/L

NA
160 J <50 <50 59 260 500 700 660 670

Dissolved Nickel ug/L 180 J <50 - - 250 480 - - -
Total Potassium mg/L

NA
340 970 D 1130 D 836 D 150 313 D 348 D 319 D 339 D

Dissolved Potassium mg/L 320 962 D - - 150 313 D - ~ -
Total Selenium ug/L

50
2.7 J <250 <250 <250 2.4 J <250 <250 <250 <250

Dissolved Selenium ug/L 2.8 J <250 - - <5.0 <250 ~ - -
Total Silver ug/L

100
<1.0 <50 <50 <50 <1.0 <50 <50 <50 <50

Dissolved Silver ug/L <1.0 <50 - - <1.0 <50 - - -
Total Sodium mg/L

NA
4800 J 11300 D 12800 DJ+ 10500 D 1,600 2700 D 2750 DJ+ 2700 D 2840 D

Dissolved Sodium mg/L 4,500 11100 D - - 1,600 2650 D - - -
Total Thallium ug/L

9
<1.0 <50 <50 <50 <1.0 <50 <50 <50 <50

Dissolved Thallium ug/L z
<1.0 <50 - - <1.0 <50 - - -

Total Vanadium ug/L
NA

7.3 J <100 <100 <100 8.5 J <100 <100 <100 <100
Dissolved Vanadium ug/L <2.0 <100 - - 8.2 J <100 - - -

Total Zinc ug/L
5,000

350 J 170 <100 <100 370 560 650 910 930
Dissolved Zinc ug/L 350 J <100 - -- 360 370 - - -

Bromide mg/L NA <0.1 <100 D <100 D <100 D <0.1 <100 D <100 D <100 D 100 D
Chloride mg/L 250 33,000 41,000 D 43,000 D 40,000 D 29,000 45,000 D 53,000 D 59,000 D 59,000 D

Cyanide ug/L 200 30 <25 D <10 <10 47 J 44 D 19 <10 <10
Fluoride mg/L 4 18 <100 D <100 D <100 D 20 <100 D <100 D <100 D <100 D

Nitrate Ion mg/L NA - <100 D 120 D <100 D - <100 D HOD <100 D <100 D
Nitrate-N mg/L 10 0.29 J <23 D 28 D <23 D 0.36 J <23 D 24 D <23 D <23 D
Nitrite Ion mg/L NA - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D
Nitrite-N mg/L 1 <0.0305 <31 D <31 D <31 D <0.0305 <31 D <31 D <31 D <31 D

Perchlorate ug/L NA 490 J 280 D 1.2 FD <5 D 0.6 <200 D 1,2 FD <5 D <5 D
Phosphorus, Total (as P) mg/L NA - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D

Phosphate-P mg/L NA <0.0327 <33 0 <33 D <33 D <0.0327 <33 D <33 D <33 0 <33 0
Sulfate mg/L 250 1,900 2,800 D 2,600 DJ+ 2,800 D 1,300 1,100 D 950 D 840 D 890 D

Total Alkalinity mg/L NA 760 210 160 180 830 680 280 470 400

Total Dissolved Solids mg/L 2,000 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 <1.0 u - - -
pH NA 5.9 6.4 7.4 6.3 5.3 5.4 6.1 5.1 5.1

Conductivity mS/cm NA 69.5 87.6 77.5 88.7 56.0 87,3 90.7 72.6 72.6
DO mg/L NA 0.0 0.2 0.1 0.7 0.0 0.2 0.0 0.3 0.3

ORP mV NA 26.0 -235.2 -263.8 -238.0 -12.0 -50.1 -130.3 -42.1 -42.1
Turbidity NTU NA 206.0 5.5 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 0.3 0.1 0,0 0.0

Temperature C NA 10.2 21.5 18.0 17.0 9.2 20.0 20.1 19.3 19.3
(a) MCLs are provided for reference only, as groundwater in the waste pond area is Class IV. 

bold Concentration above MCL, indicated for reference only as groundwater is Class IV.

NA No MCL Established 

Not Analyzed 

DUP Field Duplicate

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.

UJ Potential low bias, possible false negative. 

mg/L milligrams per liter 

ug/L micrograms per liter 

mS/cm micro siemens per centimeter 

C degrees Celsius 

mV millivolts

NTU Nephelometric Turbidity Unit



TABLE 1-1
GROUNDWATER DISCHARGE PERMIT BASELINE GROUNDWATER SAMPLING RESULTS 

US MAGNESIUM, ROWLEY, UTAH 
(Page2 of 4)

Analyte AAW-21 MW-22A MW-22B

Screened 50-60 feet bgs Screened 24-34 feet bgs Screened 54-64 feet bgs

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
9/13/2017

(DUP)
11/1/2017

Total Aluminum <20 <1000 <1000 <1000 <20 <1000 <1000 <1000 <20 <1000 <1000 <1000 <1000

Dissolved Aluminum <20 <1000 - - <20 <1000 - - <20 <1000 - - ~

Total Antimony <2.0 <100 <100 <100 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <100

Dissolved Antimony <2.0 <100 - - <2.0 <100 - - <2.0 <100 - - -

Total Arsenic 39 J <50 <50 <50 34 J 57 <50 <50 45 J <50 <50 <50 <50

Dissolved Arsenic <1.0 <50 - - 42 J 55 - - 35 J <50 - - -

Total Barium 46 <250 <250 <250 42 <250 <250 <250 28 <250 <250 <250 <250

Dissolved Barium 27 <250 - ~ 51 <250 - - 24 J <250 - - -

Total Cadmium <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Cadmium <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - -

Total Calcium 390 661 D 721 D 698 D 470 785 D 713 D 662 D 370 718 D 708 D 698 D 673 D
Dissolved Calcium 440 708 D - - 420 732 D - - 290 696 D - - -

Total Chromium <2.0 <100 <100 <100 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <100
Dissolved Chromium <2.0 <100 - -- <2.0 <100 - - <2.0 <100 - - -

Total Cobalt <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Cobalt <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - -

Total Copper <2.0 <100 <100 170 <2.0 <100 <100 150 <2.0 <100 <100 <100 130
Dissolved Copper <2.0 <100 - - <2.0 <100 - - <2.0 <100 - - -

Total Iron <50 <2500 2,500 3,800 <50 <2500 <2500 3,100 <50 <2500 2,500 <2500 3,700
Dissolved Iron <50 <2500 - - <50 <2500 _ - <50 <2500 - - -

Total Lead <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Lead <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - -

Total Magnesium 1300 2210 D 2370 D 2230 D 1700 2560 D 2360 D 2070 D 1200 2360 D 2400 D 2360 D 2210 D
Dissolved Magnesium 1400 2400 D - - 1500 2380 D - - 950 2270 D - - -

Total Manganese 93 53 <50 <50 210 250 72 99 <1.0 <50 <50 <50 <50
Dissolved Manganese 49 J 56 - - 250 240 - - <1.0 <50 - - -

Total Mercury <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 <0.1 <0.1 - - <0.1 <0.1 - - <0.1 <0.1 - - -

Total Molybdenum <2.0 <100 <100 <100 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <100
Dissolved Molybdenum <2.0 <100 - - <2.0 <100 - - <2.0 <100 - - -

Total Nickel <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Nickel <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - -

Total Potassium 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 1,970 D 1,960 D 1,700 D
Dissolved Potassium 1,000 1,850 D - - 970 1700 D - - 740 1800 D - - -

Total Selenium <5.0 <250 UJ <250 UJ <250 <5.0 <250 <250 <250 <5.0 <250 <250 <250 <250
Dissolved Selenium <5.0 <250 UJ - ~ <5.0 <250 UJ - - <5.0 <250 - - -

Total Silver <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Silver <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - -

Total Sodium 26,000 32,200 D 34,400 D 33,800 D 23,000 32,200 D 32,500 D 29,700 D 26,000 35,000 D 35,200 D 33,100 D 33,800 D
Dissolved Sodium 26,000 33,300 D - - 22,000 29,700 D - - 22,000 33,500 D - - —

Total Thallium <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Thallium <1.0 <50 - - <1.0 <50 - - <1.0 <50 - - -

Total Vanadium <2.0 <100 <100 <100 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <100
Dissolved Vanadium <2.0 <100 - - <2.0 <100 - - <2.0 <100 - - -

Total Zinc <2.0 160 <100 <100 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <100
Dissolved Zinc <2.0 110 - - <2.0 <100 - - <2.0 <100 ~ - -

Bromide 28J <100 D <100 D <100 D <1.0 <100 D <100 D <100 D 34 J <100 D <100 D <100 D <100 D
Chloride 61,000 54,000 D 48,000 D 54,000 D 54,000 50,000 D 56,000 D 51,000 D 60,000 56,000 D 57,000 D 60,000 D 56,000 D

Cyanide <10 140DJ- 120 D 180 D <10 <25 D 56 D <25 D 57 J 250 D 190 DJ 100 DJ 45 D
Fluoride <0.1 <100 D <100 D <100 D <0.1 <100 D <100 D <100 D <0.1 <100 D <100 D <100 D <100 D

Nitrate Ion - <100 D 110 D <100 D - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D
Nitrate-N <0.0226 <23 D 25 D <23 D <0.0226 <23 D <23 D <23 D <0.0226 <23 D <23 D <23 D <23 D
Nitrite Ion - <100 D <100 D <100 D - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D
Nitrite-N <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 0.1 J <200 D 2D <5 D <0.2 <200 D 0.91 FD <5 D <0.2 <200 D <2 D 1.5 FD <5 D
Phosphorus, Total (as P] - <100 D <100 D <100 D - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D

Phosphate-P <0.0327 <33 D <33 D <33 0 <0.0327 <33 0 <33 D <33 D <0.0327 <33 0 <33 D <33 D <33 0
Sulfate 7,100 6,500 D 5,200 D 6,300 D 9,000 7,700 DJ- 6900 D 7400 D 6,600 6,000 D 5,600 D 5,700 D 6,000 D

Total Alkalinity 410 370 J+ 380 380 280 210 240 150 370 380 380 360 370
Total Dissolved Solids 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 <0.275 U <1.0 u - - <0.275 R <1.0U ~ - <2.2 R <1.0U - - -

pH 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 163.0 131.8 12.7 122.3 152.0 124.5 18.3 1 13.5 169.0 131.9 17.4 17.4 120.7

DO 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 -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 1.9 2.2 1.7 2.2 1.1 0.5 0.6 3.7 0.0 1.1 2.5 2.5 0.9
Chlorine 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 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
(a) MCLs are provided for reference only, as groundwater in the waste pond area is Class IV. 

bold Concentration above MCL, indicated for reference only as groundwater is Class IV.

NA No MCL Established 

Not Analyzed 

DUP Field Duplicate

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.

UJ Potential low bias, possible false negative. 

mg/L milligrams per liter 

ug/L micrograms per liter 

mS/cm micro siemens per centimeter 

C degrees Celsius 

mV millivolts

NTU Nephelometric Turbidity Unit





TABLE 1-1

GROUNDWATER DISCHARGE PERMIT BASELINE GROUNDWATER SAMPLING RESULTS 

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

Analyte MW-23 PZ-10

Screened 56-66 feet bgs Screened 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

Total Aluminum <20 <1000 <1000 <1000 51 J <1000 <1000 <1000
Dissolved Aluminum <20 <1000 - - <20 <1000 - -

Total Antimony <2.0 <100 <100 <100 <2.0 <100 <100 <100
Dissolved Antimony <2.0 <100 - - <2.0 <100 - ~

Total Arsenic 31 J <50 <50 55 53 54 64 79

Dissolved Arsenic <1.0 <50 - - 53 58 - -

Total Barium 37 <250 <250 <250 no <250 <250 <250
Dissolved Barium 23 J <250 - - no <250 - -
Total Cadmium <1.0 <50 <50 <50 <1.0 <50 <50 <50

Dissolved Cadmium <1.0 <50 - - <1.0 <50 - -

Total Calcium 370 857 D 879 D 836 D 7,000 8,900 D 8,840 D 8,130 D
Dissolved Calcium 670 897 D - - 7,800 8,770 D - -

Total Chromium <2.0 <100 <100 <100 <2.0 <100 <100 <100
Dissolved Chromium <2.0 <100 - - <2.0 <100 - -

Total Cobalt <1.0 <50 <50 <50 28 J <50 <50 <50
Dissolved Cobalt <1.0 <50 - - 29 J <50 - -

Total Copper <2.0 <100 <100 200 <2.0 <100 <100 <100
Dissolved Copper <2.0 <100 - - 2.1 J <100 - -

Total Iron <50 <2,500 <2,500 3,100 240,000 J 300,000 310,000 320,000

Dissolved Iron <50 <2,500 - - 240,000 J 310,000 - -
Total Lead <1.0 59 <50 <50 <1.0 <50 <50 <50

Dissolved Lead <1.0 <50 - - <1.0 <50 - -
Total Magnesium 1,200 3,060 D 3,040 D 2,850 D 3,800 5,400 D 5,190 D 4,760 D

Dissolved Magnesium 2,300 3,020 D - - 4,200 5,340 D - -
Total Manganese 170 180 170 160 16,000 22,000 22,000 22,000

Dissolved Manganese 72 170 - - 16,000 22,000 - -
Total Mercury <0.1 <0.1 UJ <0.1 UJ <0.1 <0.1 <0.1 <0.1 <0.1

Dissolved Mercury <0.1 <0.1 - - <0.1 <0.1 - _

Total Molybdenum <2.0 <100 <100 <100 2.4 J <100 <100 <100
Dissolved Molybdenum <2.0 <100 - - <2.0 <100 - -

Total Nickel <1.0 <50 <50 <50 45 J 140 140 150
Dissolved Nickel <1.0 130 - - 46 J 140 - ..

Total Potassium 950 2400 D 2510 D 2140 D 320 567 D 591 D 538 D
Dissolved Potassium 1700 2410 D - - 360 572 D - ~

Total Selenium <5.0 <250 <250 <250 <5.0 <250 <250 <250
Dissolved Selenium <5.0 <250 - - 4.4 J <250 - -

Total Silver <1.0 <50 <50 <50 <1.0 <50 <50 <50
Dissolved Silver <1.0 <50 - - <1.0 <50 - -
Total Sodium 26,000 48,700 D 48,100 D 49,600 D 2,400 J 3,680 D 3,580 DJ+ 3,370 J+ D

Dissolved Sodium 43,000 49,200 D - - 2,700 3,600 D - -
Total Thallium <1.0 <50 <50 <50 <1.0 <50 <50 <50

Dissolved Thallium <1.0 <50 - - <1.0 <50 ~ -
Total Vanadium <2.0 <100 <100 <100 <2.0 <100 <100 <100

Dissolved Vanadium <2.0 <100 - - <2.0 <100 ~ -
Total Zinc <2.0 190 <100 <100 11 J <100 <100 <100

Dissolved Zinc <2.0 <100 - - <2.0 <100 - -
Bromide 53 J <100 D <100 D <100 D <0.1 <100 D <100 D <100 D
Chloride 84,000 73,000 D 89,000 D 77,000 D 28,000 34,000 D 34,000 D 38,000 D

Cyanide <10 <25 D <25 D <25 D 23 30 D <10 13
Fluoride <0.1 <100 D <100 D <100 D 16 <100 D <100 D <100 D

Nitrate Ion - <100 D <100 D <100 D - <100 D 100 D 100 D
Nitrate-N <0.0226 <23 D <23 D <23 D <0.0226 <23 D 24 D 24 D

Nitrite Ion - <100 D <100 D <100 D - <100 D <100 D <100 D
Nitrite-N <0.0305 <31 D <31 D <31 D <0.0305 <31 D <31 D <31 D

Perchlorate <0.2 <200 D 1.1 FD <5 D <0.2 <200 D 0.99 FD <5 D
Phosphorus, Total (as P) - <100 D <100 D <100 D - <100 D <100 D <100 D

Phosphate-P <0.0327 <33 D <33 0 <33 D <0.0327 <33 D <33 D <33 0
Sulfate 14,000 14,000 D 14,000 DJ+ 14,000 D 1,500 1,400 D 1,400 D 1,200 D

Total Alkalinity 290 270 300 270 790 840 690 560
Total Dissolved Solids 160,000 140,000 160,000 110,000 56,000 45,000 58,000 40,000

Hexavalent Chromium <0.275 R <1.0U - - 0.159 J <1.0U - -
pH 6.9 6.9 7.5 7.4 6.2 5.7 5.8 5.5

Conductivity 895.0 162.6 122.5 157.3 52.2 69.3 36.8 72.2
DO 0.0 0.8 1.7 0.5 0.0 0.3 0.0 0.4
ORP -395.0 -303.2 -356.0 -388.6 -125.0 -45.2 -128.1 -145.1

Turbidity 0.5 2.6 0.1 1.1 0.0 3.5 1394.0 0.5
Chlorine 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Temperature 19.0 22.1 22.5 13.0 13.6 19.2 20.5 16.8
(al MCLs are provided for reference only, as groundwater in the waste pond area is Class IV. 

bold Concentration above MCL, indicated for reference only as groundwater is Class IV.

NA No MCL Established 

Not Analyzed 

DUP Field Duplicate

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.

UJ Potential low bias, possible false negative. 

mg/L milligrams per liter 

ug/L micrograms per liter 

mS/cm micro siemens per centimeter 

C degrees Celsius 

mV millivolts

NTU Nephelometric Turbidity Unit



TABLE M

GROUNDWATER DISCHARGE PERMIT BASELINE GROUNDWATER SAMPLING RESULTS 

US MAGNESIUM, ROWLEY, UTAH 
(Page 4 of 4}

Analyte

2/4/2014

PZ-12

Screened 4-14 feet bgs

8/8/2017 9/13/2017 11/1/2017

PZ-13

Screened 7.5-17.5 feet bgs

7/13/2017 8/8/2017 9/13/2017 11/1/2017 2/5/2014

PZ-8

Screened 3.5-13.5 feet bgs 

8/9/2017 8/(9D/u2p°)17 9/13/2017
11/1/2017

Total Aluminum 3,600 4,000 2,300 1,600 <20 <1000 <1000 <1000 56J <1000 <1000 <1000 <1000
Dissolved Aluminum 3,600 1,400 - - <20 <1000 - - <20 <1000 <1000 - -

Total Antimony 0.85J <100 <100 <100 <2.0 <100 <100 <100 0.70J <100 <100 <100 <100
Dissolved Antimony 0.76J <100 - - <2.0 <100 - - 0.67J <100 <100 - -

Total Arsenic 49 53 62 64 25 <50 <50 <50 130 70 59 72 77
Dissolved Arsenic 46 <50 - - 24 <50 - - 120 67 56 - -

Total Barium 210 400 360 380 150 <250 <250 <250 160 260 <250 290 300
Dissolved Barium 200 300 - - 130 <250 - - 160 250 <250 - -

Total Cadmium <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Cadmium <1.0 <50 - - <1.0 <50 - - <1.0 <50 <50 - -

Total Calcium 7,600 10700 D 11000 D 10300 D 8100 7530 D 7910 D 7150 D 6,800 12400 D 8660 D 13000 D 11500 D
Dissolved Calcium 7,700 10700 D - - 6700 7670 D - -- 6,800 13100 D 8610 D - -
Total Chromium <2.0 <100 <100 <100 <2.0 <100 <100 <100 <2.0 <100 <100 <100 <100

Dissolved Chromium <2.0 <100 - - <2.0 <100 - - <2.0 <100 <100 - -
Total Cobalt 81J 94 100 100 <1.0 <50 <50 <50 65 120 <50 140 120

Dissolved Cobalt 81J 97 - - <1.0 <50 - - 60 120 <50 ~ -
Total Copper <2.0 <100 <100 <100 <2.0 <100 <100 <100 2.70 <100 <100 <100 <100

Dissolved Copper <2.0 <100 - ~ <2.0 <100 - - 2.50 <100 <100 ~ -
Total Iron 160,000 J 180,000 200,000 240,000 99,000 39,000 89,000 57,000 83,000 230000 300000 270,000 300,000

Dissolved Iron 160,000 J 180,000 ~ - 100,000 44,000 - - 80,000 230,000 300,000
- -

Total Lead <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50
Dissolved Lead <1.0 <50 - - <1.0 <50 - - <1.0 <50 <50 - -

Total Magnesium 3,400 3,980 D 4,310 D 4,640 D 4,600 4,290 D 4,280 D 3,960 D 2,900 5,310 D 5,250 D 5,660 D 5,200 D
Dissolved Magnesium 3,300 3,950 D - - 3,900 4,340 D - - 2,900 5,770 D 5,160 D - -

Total Manganese 12,000 15,000 15,000 17,000 13,000 4,200 8,400 3,700 9,500 18000 22000 17,000 19,000

Dissolved Manganese 12,000 15,000 - - 13,000 4,700 - - 9,000 18,000 22,000 - -
Total Mercury <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 <0.1 <0.1 - - <0.1 <0.1 - ~ <0.1 <0.1 <0.1 - -
Total Molybdenum 13 <100 <100 <100 17 J <100 <100 <100 8.40 <100 <100 <100 <100

Dissolved Molybdenum 8.4 <100 - - 11 J <100 - - 5.40 <100 <100 - -
Total Nickel 200 J 310 330 370 50 94 84 110 180 370 140 420 410

Dissolved Nickel 190 J 310 - - 41 97 - ~ 160 360 140 - -
Total Potassium 160 208 D 229 D 229 D 380 418 D 401 D 407 D 100 271 D 555 D 291 D 255 D

Dissolved Potassium 160 220 D - - 300 417 D - - 100 283 D 577 D - -
Total Selenium 2.6 J <250 <250 <250 <5.0 <250 <250 <250 6.20 <250 <250 <250 <250

Dissolved Selenium 3.2 J <250 - - <5.0 <250 - ~ 6.40 <250 <250 ~ -
Total Silver <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50

Dissolved Silver <1.0 <50 - - <1.0 <50 - - <1.0 <50 <50 ~ -
Total Sodium 1,700 1,810 D 1,940 DJ+ 2,020 J+D 2,600 2,540 D 2,490 J+D 2,530 J+D 1,300 2,350 D 3,570 D 2,350 J+D 2,200 J+D

Dissolved Sodium 1,700 1,860 D - - 2,300 2,610 D - - 1,300 2,450 D 3,580 D - -
Total Thallium <1.0 <50 <50 <50 <1.0 <50 <50 <50 <1.0 <50 <50 <50 <50

Dissolved Thallium <1.0 <50 _ ~ <1.0 <50 - - <1.0 <50 <50 - -
Total Vanadium <2.0 <100 <100 <100 <2.0 <100 <100 <100 6.5J <100 <100 <100 <100

Dissolved Vanadium <2.0 <100 - ~ <2.0 <100 - - 6.7J <100 <100 - -
Total Zinc 69 J 140 130 150 <2.0 <100 <100 <100 15 <100 <100 <100 <100

Dissolved Zinc 70 J 140 - - <2.0 <100 - - 19 <100 <100 - -
Bromide <0.1 <100 D <100 D <100 D 23 J <100 D <100 D <100 D <0.1 <100 D <100 D <100 D <100 D
Chloride 26,000 32,000 D 34,000 D 40,000 D 29,000 25,000 D 28,000 D 29,000 D 25,000 43,000 D 35,000 D 37,000 D 43,000 D

Cyanide 0.0095 J 38 D 21 10 46 J <25 D <10 <10 29 33 D 25 D <10 25
Fluoride 15 <100 D <100 D <100 D 12 <100 D <100 D <100 D 13 <100 D <100 D <100 D <100 D

Nitrate Ion - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D <100 D 100 D <100 D
Nitrate-N <0.0226 <23 D <23 D <23 D <0.0226 <23 D <23 D <23 D <0.0226 <23 D <23 D 23 D <23 D
Nitrite Ion - <100 D <100 D <100 D - <100 D <100 D <100 D <100 D <100 D <100 D <100 D
Nitrite-N <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 0.42 J <200 D <2 D <5 D <0.2 <200 D <2 D <5 D 0.55 <200 D <200 D <2 D <5 D
Phosphorus, Total (as P) - <100 D <100 D <100 D #N/A <100 D <100 D <100 D <100 D <100 D <100 D <100 D

Phosphate-P <0.0327 <33 D <33 D <33 0 <0.0327 <33 D <33 D <33 D <0.0327 <33 D <33 0 <33 0 <33 D
Sulfate 1,300 1,100 D 1,100 D 920 D 1,300 3,700 D 1,200 D 1,100 D 1,300 1,200 D 1,400 D 1,100 D 850 D

Total Alkalinity 800 840 690 600 710 420 430 400 1,000 760 660 640 580
Total Dissolved Solids 190,000 45,000 58,000 46,000 61,000 40,000 48,000 32,000 51,000 53,000 45,000 65,000 43,000

Hexavalent Chromium 0.251J <1.0 u - - <0.27 U <1.0 u - - 0.671 <1.0 u <1.0 u - -

pH 5.9 5.5 5.7 5.4 5.9 6.2 6.2 6.3 5.7 5.6 5.6 6.0 5.3
Conductivity 48.3 73.9 30.8 76.0 57.6 60.9 41.6 37.7 44.4 77.3 77.3 13.6 75.2

DO 0.0 0.3 0.0 0.4 2.6 2.4 4.4 3.6 0.0 0.2 0.2 0.0 0.3
ORP -58.0 -22.6 -61.2 -135.1 4.0 -49.0 -114.7 -225.4 -25.0 -158.2 -158.2 -210.6 -221.4

Turbidity 0.0 86.4 6126.0 53.0 0.0 32.1 3.0 3.7 0.0 7.1 7.1 37.6 1.5
Chlorine 0.1 0.0 2.2 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Temperature 12.9 20.0 19.6 16.4 20.0 19.2 22.0 16.4 12.1 21.9 21.9 21.0 18.8
|a| MCLs are provided for reference only, as groundwater in the RWP area is Class IV. 

bold Concentration above MCI, indicated for reference only as groundwater is Class IV.

NA No MCL Established 

Not Analyzed 

DUP Field Duplicate

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.

UJ Potential low bias, possible false negative. 

mg/L milligrams per liter 

ug/L micrograms per liter 

mS/cm micro siemens per centimeter 

C degrees Celsius 

mV millivolts

NTU Nephelometric Turbidity Unit
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TABLE 3-1
GROUNDWATER DISCHARGE PERMIT SOURCE WATER SAMPLING RESULTS 

US MAGNESIUM, ROWLEY, UTAH

Current Waste Pond Surface Water Data(c)

Analyte Units Regulatory Limits(a) Combined Discharge Ditch Data<b) Southeast Southeast Southeast Northwest Northwest

CWP CWP CWP CWP CWP

PRI5-002 PRI5-008 PRI5-010 PRI6-006 PRI6-017

MCL
Secondary

Standard
6/29/2017 9/14/2017 11/20/2017 7/9/2015 7/9/2015 7/13/2015 7/10/2015 7/8/2015

Bromide mg/L na na - <0.1 40 D 25 J 14 J < 18 U 21 J < 30 U

Chloride mg/L na 250 - 15,000 14000 D 37,000 39,000 39,000 8 40,000

Cyanide ug/L 200 na 20 <10 <10 0.0140 0.0078 J 0.0160 0.0082 J < 0.0050 U

Total Aluminum ug/L
na 50 to 200

1,800 3,400 1,400 66,000 78,000 86,000 110,000 90,000

Dissolved Aluminum ug/L 1,600 — -- 71,000 81,000 73,000 110,000 90,000

Total Antimony ug/L <2.0 <2.0 <100 13 11 13 11 12

Dissolved Antimony ug/L <2.0 - - 14 11 12 10 11

Total Arsenic ug/L
to na

150 84 no 330 J 340 J 380 J 460 400

Dissolved Arsenic ug/L 120 - - 340 340 340 J 490 380

Total Barium ug/L
2,000 na

<5.0 <5.0 <250 720 790 750 J- 1,200 800

Dissolved Barium ug/L <5.0 - — 810 790 730 J+ 900 770

Total Cadmium ug/L
5 na

<1.0 <1.0 <50 1.3 J 1.7 J 1.6 J- 1.9 J 1.8 J

Dissolved Cadmium ug/L <1.0 - — 1.5 J 1.5 J 1.4 J 2 1.8 J

Total Calcium mg/L
na na

918 257 303 5,200 6,200 6,300 8,000 7,000

Dissolved Calcium mg/L 917 - - 5,100 6,200 6,200 7,900 6,500

Total Chromium ug/L
too na

300 <2.0 <100 250 270 260 J- 350 300

Dissolved Chromium ug/L 290 — — 270 270 250 310 300

Total Cobalt ug/L
na na

<1.0 <1.0 <50 29 33 30 J- 45 40

Dissolved Cobalt ug/L <1.0 -- — 30 33 29 41 40

Total Copper ug/L
1,300 na

<2.0 120 <100 140 160 140 J- 190 170

Dissolved Copper ug/L <2.0 — - 150 160 140 170 J- 170

Total Iron ug/L
na 300

420,000 200,000 160,000 860,000 910,000 970,000 1,200,000 1,100,000

Dissolved Iron ug/L 370,000 — — 900,000 870,000 870,000 1,100,000 1,000,000

Total Lead ug/L
15 na

<1.0 <1.0 <50 53 63 57 J- 93 69

Dissolved Lead ug/L <1.0 - - 62 63 59 83 69

Total Magnesium mg/L 943 3,970 3180 D 4,000 4,100 4,200 5,000 4,500

Dissolved Magnesium mg/L 865 - ~ 3,900 4,100 4,300 4,900 4,200

Total Manganese ug/L
na 50

290 560 320 2,900 3,400 3,500 5,100 4,400

Dissolved Manganese ug/L 300 - - 3,000 3,300 3,500 5,000 4,400

Total Mercury ug/L
2 na

<0.1 0.2 0.4 0.66 0.82 0.84 0.91 0.85

Dissolved Mercury ug/L <0.1 - - 0.72 0.80 0.84 0.87 0.80

Total Molybdenum ug/L
na na

<2.0 <2.0 <100 180 200 210 250 220

Dissolved Molybdenum ug/L <2.0 - - 190 200 200 250 210

Total Nickel ug/L
na na

150 <1.0 60 210 220 210 J 270 240

Dissolved Nickel ug/L 130 — -- 230 210 200 240 250

Total Potassium mg/L
na na

55 88 65 140 160 180 180 160

Dissolved Potassium mg/L 52 — — 130 170 190 190 140

Total Selenium ug/L
50 na

<5.0 <5,0 <250 5.4 J- 7.1 J- 4.3 J- 8 7.6 J-

Dissolved Selenium ug/L <5.0 — ~ 6.5 J- 5.6 J- 5 5 7.8 J-

Total Silver ug/L
100 na

<1.0 <1.0 <50 < 0.60 U < 0.60 U <0.60 UJ < 0.60 U < 0.60 U

Dissolved Silver ug/L <1.0 — < 0.60 U < 0.60 U < 0.60 U < 0.60 U < 0.60 U

Total Sodium mg/L
na na

1,140 1,160 1190 D 2,200 2,500 2,800 2,800 2,500

Dissolved Sodium mg/L 1,090 — - 2,000 2,600 2,800 2,800 2,200

Total Thallium ug/L
o na

<1.0 <1.0 <50 1.8 J 2.1 1.9 J 2.8 2.2

Dissolved Thallium ug/L
z

<1.0 - - 1.5 J < 1.0U 1.9 J 1.5 J 2.3

Total Vanadium ug/L
na na

900 <2.0 140 1,100 1,200 1,100 1,500 1,400

Dissolved Vanadium ug/L 740 -- — 1,200 1,200 1,100 1,400 1,400

Total Zinc ug/L
5,000 na

320 no 260 390 J- 420 J- 440 J- 520 480 J-

Dissolved Zinc ug/L 320 — — 380 J- 410 J- 410 550 J- 440 J-

Fluoride mg/L 4.0 2.0 -
<0.1 <10 D 6.8 J- 6.2 J- < 1.2 UJ 6.5 J- 6.0 J

Nitrate Ion mg/L na na - 110 <10 D 3 4 < 0.44 UJ 3.4 J 3

Nitrate-N mg/L 10 na -
25 <2.3 D < 0.32 U < 0.32 U < 0.32 U 0 < 0.40 U

Nitrite Ion mg/L na na - <0.1 <10 D 0 0 0 0 0

Nitrite-N mg/L 1 na -
<0.0305 <3.1 D < 0.32 U < 0.32 U < 0.32 U 0 <0.40 U

Perchlorate ug/L na na 1.8 2 - 1.9 J 1.9 J 1.9 J 2.2 J 2.0 J

Phosphate Ion mg/L na na -
<0.1 <3.3 D - - - ~ -

Phosphate-P mg/L na na - <0.0327 <10 D 4.8 J+ 2.5 J+ < 1.5 U - < 1.9 U

Sulfate mg/L na 250 - 400 300 D 2,400 2,500 3,300 J- 3,800 J- 2,900 J-

Total Alkalinity mg/L na na <20.0 <20.0 - < 5.0 U < 5.0 U <5.0 U < 5.0 U <5.0 U

Total Dissolved Solids mg/L na 2,000 9,400 17,000 14,000 60,000 60,000 69,000 J 80,000 71,000

Hexavalent Chromium ug/L 100 na ~ - - - 0.18 J- 7.74 J- 6.26 J- 0.26 J

pH(d| na 6.5 to 8.5 0.0 2.4 0.5 0.49 0.51 0.49 0.53 0.46

Conductivity'131 mS/cm na na -
35.6 63.2 197,000 595,000 0 155,000 172,000

DO,d) mg/L na na 3.05 4.60 5.04 5.9 5.5 0.0 5.2 6.2

ORP(d| mV na na -
1,016 - - - - - -

Turbidity,d, NTU na na 110.000 340.5 - - - - -
Chlorine"31 mg/L na na - - 0.000

- - - - -
Temperature''31 C na na 33.54 23.00 15.30 - -- - - -

^ Provided for reference only; these are not applicable to wastewater discharge and groundwater in the vicinity of the waste pond area is Class IV.

,bi Data collected by Stantec to support the Utah Groundwater Discharge Permit application preparation.

(c| Data collected by ERM as part of the Draft Old Waste Pond/Current Waste Pond Area Hydrologic Conceptual Site Model (ERM, 2016)

^ Data measured and recorded in the field.

bold - Result above regulatory limit; however, regulatory limits are provided for reference only and are not applicable to wastewater discharge. 

italics - Result above Secondary Standard, for reference only. MCLs not applicable to wastewater discharge, 

na No regulatory limit (MCL or Secondary Standard) established

< Analyte not detected at concentrations above the laboratory detection limit. Laboratory detection limit shown.

Not Analyzed

J Estimated trace concentration below the reporting limit but above the method detection limit.

J+ The result is an estimated quantity, biased high. The associated numerical value is the approximate concentration of the analyte in the sample.

J- The result is an estimated quantity, biased low. The associated numerical value is the approximate concentration of the analyte in the sample.

MCL Drinking water maximum contaminant level 

U Analyte not detected

UJ The nondetected analyte was estimated at the sample quantitation limit; the reported sample quantitation limit is approximate and may be inaccurate or imprecise. 

UJQ The result was qualified as a non-detected at the listed concentration due to an estimated maximum possible concentration; the associated value is an estimate.

UQ The result was qualified as a non-detected at the listed concentration due to an estimated maximum possible concentration.
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Stantec
MONITORNG WELL ID: MW-21 
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

COORDINATE SYSTEM: NAD 1983 UTM Zone 12

EASTING: 1302098.55NORTHING: 3499731.09

ELEVATION: 4218.18 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 60.5 GROUNDWATER LEVEL (ft btoc): 6.4

DATE STARTED: 6/17/2017 DATE FINISHED: 6/17/2017

LOGGED BY: Bill Bragdon

—i

x —- o O
H 3) ox
m O O-

K ^ -1 <Q& o2 
X O

LABORATORY RESULTS

LITHOLOGICAL
DESCRIPTION

S |
O W

K
(cm/sec)

WELL CONSTUCTION 
DIAGRAM

15

20

25-;

30-i

FILL-POORLY GRADED SAND (SP): with fine 
grained oolitic sand and some silt and fine gravel 
{cemented oolitic), pale brown (10YR

SILTY CLAY (CL): with trace fine sand, greenish 
gray (GLEY 5/1), medium plasticity with low plasticity 
where fine grained sands

Estimated depth to groundwater in field.

POORLY GRADED SAND WITH GRAVEL (SP): 
cemented oolitic sand, greenish gray (GLEY 5/1). 
POORLY GRADED SAND (SP): fine to coarse oolitic 
sand, with some silt and some fine gravel, greenish 
gray (GLEY 5/1) to very dar

Cemented oolitic sand.
SILTY SAND (SM): fine grained sand, dark gray 
(GLEY 4/1) to greenish gray (GLEY 5/1), wet, 
nonplastic, generally loose with som

SM

SM

Grades to very dense, wet, greenish gray (GLEY 
5/1), with thin 0.125 inch to 0.0625 inch silty clay 
wide stringers.

Notes' K ~ Hydraulic conductivity
cm/sec = centimeters per second
ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface

Above ground
protective
casing

Groundwater 
Level at 6.4 ft 
btoc in June 
2017

Aqua Grout 0 to 
43 ft bgs

Oof 50 ft bgs, 4 
in dia, Sch 40 
PVC solid riser

Borehole dia, 
10 inches from 
0 to 35 ft bgs



Stantec

DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

LITHOLOGICAL
DESCRIPTION

: O

SILTY CLAY (CL): with trace fine grained sand, 
greenish gray (GLEY 6/1), medium plasticity, low 
plasticity where sandy, soft gr

CLAY SAND (SC): with fine grained sand, greenish 
\gray (GLEY 6/1), low plasticity, stiff, wet.
SILTY CLAY (CL): with trace fine sand, greenish 
gray (GLEY 5/1), medium plasticity, soft to medium 
stiff, wet, strong sulfur od

45

50 SILTY SAND (SM): fine grained sand, with thinly 
interbedded clays, dark greenish gray (GLEY 4/1) to 
greenish gray (GLEY 6/1), n

55-

vvy SILTY CLAY (CL): greenish gray (GLEY 6/1), 
^\medium plasticity, stiff, wet.

SILTY SAND (SM): fine grained sand, dark greenish 
gray (GLEY 4/1) to dark gray (GLEY 4/1), wet, 
medium dense, nonplastic.

60 CLAY(CL): with trace silt, greenish gray (GLEY 5/1), 
wet, low to medium plasticity, soft, moderate sulfur 
odor.

End of borehole at 63 ft below ground surface in 
clays.

65-

MONITORNG WELL ID: MW-21 
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

COORDINATE SYSTEM: NAD 1983 UTM Zone 12

EASTING: 1302098.55 NORTHING: 3499731.09

ELEVATION: 4218.18 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 60.5 GROUNDWATER LEVEL (ft btoc): 6.4

DATESTARTED: 6/17/2017 DATE FINISHED: 6/17/2017

LOGGED BY: Bill Bragdon

LABORATORY RESULTS

O W

73.1

79

2 I
O CO

CL -

K
(cm/sec)

4.8E-8

5.7E-5

Notes: K = Hydraulic conductivity
cm/sec = centimeters per second
ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface

WELL CONSTUCTION 
DIAGRAM

1 Bentonite 43 to 
48 ft bgs

Filter Pack 
Sand 48 to 60.5 
ft bgs

50 to 60 ft bgs, 
4 in dia, Sch 40 
PVC screen

End Cap at 
60.4 ft bgs



DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Stantec

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

MONITORNG WELL ID: W1W-22B 
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

COORDINATE SYSTEM: 

EASTING: 1303169.4

ELEVATION: 4218.15

TOTAL DEPTH (ft): 65.2 

DATE STARTED: 6/8/2017

NAD 1983 UTM Zone 14 

NORTHING: 3498673.93

BOREHOLE ANGLE: 90 degrees

GROUNDWATER LEVEL (ft btoc): 6.38 

DATE FINISHED. 6/8/2017

15-

20

25

30

LITHOLOGICAL
DESCRIPTION

FILL SILTY SAND (SM): fine to medium grained 
sand, brown (10 YR 5/1), nonplastic, dry grading to 
slightly moist, loose.

CLAY (CL): light brownish gray (2.5 Y 6/2), slight to 
low plasticity, wet, medium stiff, grading to soft at 7 
ft, slightly mois

POORLY GRADED GRAVEL (GP): cemented oolitic 
sands broke into angular sand and gravel size 
material.
POORLY GRADED SAND (SP): fine to medium 
grained oolitic sand with trace silt, gray (10YR 6/1) 

Q'.-Sj grades to light brownish gray (2.
With fine and coarse gravel size material of 
cemented oolitic sand. _________
SILTY SAND (SM): fine grained sand with trace silt, 
gray (GLEY 5/1) to greenish gray (GLEY 6/1), wet, 
nonplastic, weak sulfur o
With thin bedded silty clay, light olive gray (5Y 6/2), 
slight to low plasticity, medium dense, moist to wet.

Same as previous.

Increase in silt to 40%, gray (2.5Y 5/1), medium 
dense to dense, moderate sulfur odor.

With thin bedded silty clay.

With thinly interbedded silt (ML) from 35 to 36.2 ft, 
grades to dry to slightly moist at 35 ft, light greenish

LOGGED BY: Bill Bragdon

LABORATORY RESULTS

12.4 68.6

e I,
CD W

SM

28.6

K
(cm/sec)

7.3E-8

WELL CONSTUCTION 
DIAGRAM

Above ground 
protective 
casing

Groundwater 
Level at 6.38 ft 
btoc in June 
2017

Aqua Grout 0 to 
46.8 ft bgs.

0 of 54 ft bgs, 4 
in dia, Sch 40 
PVC solid riser

Borehole 
Diameter 10 
inches from 0 
to 39 ft bgs.

Notes' K = Hydraulic conductivity
cm/sec = centimeters per second
ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface



(J) Stantec
MONITORNG WELL ID: MW-22B
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

DRILLING CONTRACTOR: Cascade Drilling

DRILLING METHOD: Sonic

DRILLING EQUIPMENT: GP24-300 RS

SAMPLING METHOD: Sonic Core Barrel

COORDINATE SYSTEM: NAD 1983 UTM Zone 14

EASTING: 1303169.4 NORTHING: 3498673.93

ELEVATION: 4218.15 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 65.2 GROUNDWATER LEVEL (ft btoc): 6.38

DATESTARTED: 6/8/2017 DATE FINISHED: 6/8/2017

LOGGED BY. Bill Bragdon

a .a 

D £

35

1

40-

45
1

50-

55-

<oo
O X 
O CL

XO

LITHOLOGICAL
DESCRIPTION

gray (GLEY 7/1).

CLAY (CL): with trace fine sand, greenish gray 
(GLEY 5/1), medium plasticity, moist to wet, stiff.

Note: Sonic core interval from 47 to 60 ft fell out of 
sampler and was retrieved with 15 foot recovery. 
Lithological interpreta

SILTY SAND (SM/ML): fine grained sand with silt, 
with some clay, greenish gray (GLEY 6/1), wet, low 
plasticity, soft to medium

CLAY (CL): with trace silt and few thin sand 
stringers, greenish gray (GLEY 6/1), wet, low to 
medium plasticity, medium stiff,

POORLY GRADED SAND (SP): very dark greenish 
_gray (GLEY 3/1), wet, nonplastic, very loose.

CLAY (CL): with trace silt and fine grained sand, 
medium plasticity, medium stiff to stiff, moist, strong
sulfur odor._______ 
End of borehole at 65.2 ft below ground surface. 
Stopped drilling in observed clay.

LABORATORY RESULTS

O

8.9

79.2

2 f,
o w

CL

SC

SM

44.1

K
(cm/sec)

1.1E-7

6.2E-8

WELL CONSTUCTION 
DIAGRAM

Notes: K = Hydraulic conductivity
cm/sec = centimeters per second
ft btoc = feet below top of casing

ft = feet
UTM = Universal Transverse Mercator
Sch = schedule of a pipe

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface

Borehole 
Diameter 8 
inches from 39 
to 65.2 ft bgs.

Bentonite 46.8 
to 52 ft bgs.

Filter Pack 
Sand 52 to 65.2 
ft bgs.

54 of 64 ft bgs, 
4 in dia, Sch 40 
PVC screen

End Cap at 
64.4 ft bgs



DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Stantec

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

MONITORNG WELL ID: MW-23 
CLIENT: US Magnesium LLC

PROJECT: Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

COORDINATE SYSTEM: NAD 1983 UTM Zone 15

EASTING: 1305195.27NORTHING: 3497263.97

ELEVATION: 4219.582 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 67.3 GROUNDWATER LEVEL (ft btoc): 10.28

DATE STARTED: 6/16/2017 DATE FINISHED: 6/16/2017

LITHOLOGICAL
DESCRIPTION

SILT WITH SAND (ML): fine grained oolitic sand, 
light brown gray (10 YR 6/2), low plasticity, soft, 
slightly moist, few organic

5-

SILTY CLAY (CL): gray (2.5 YR 6/1), high plasticity, 
wet, stiff and grading to very stiff, 
very dark gray (10 YR 3/1), medium plasticity, wet, 
weak sulfur odor, banded or very thinly beds, beds 
are greenish gray (GLEY

15- POORLY GRADED GRAVEL WITH SAND (GP): 
cemented oolitic sand, light olive brown (2.5 YR 7/1). / 

POORLY GRADED SAND (SP): fine grained oolitic 
sand with silt, light gray (10YR 7/1) to light brownish 
gray (10YR 6/2), wet, non

'o.'- POORLY GRADED GRAVEL WITH SAND (GP): 
cemented oolitic sand, light olive brown (2.5 YR 7/1). 
SILTY SAND (SM): fine grained sand, with some silt, 
dark greenish gray (GLEY 4/1) to dark gray (GLEY 
4/1), wet, nonplastic.

25- j I

30 j i i

Dark gray (GLEY 3/1), to dark greenish gray (GLEY 
4/1), wet, nonplastic, medium dense.

35Jjlli
Notes:

With interbedded silty clay, greenish gray (GLEY______
K = Hydraulic conductivity ft = feet
cm/sec = centimeters per second UTM = Universal Transverse Mercator
ft btoc = feet below top of casing Sch = schedule of a pipe

LOGGED BY: Bill Bragdon

LABORATORY RESULTS

G
ra

ve
l %

S
an

d 
%

F
in

es
 %

G
ro

up
S

ym
bo

l

P
or

os
ity

 %

K
(cm/sec)

0 3.5 96.5 CH

0 74.7 25.3 SM

34.9 2.1E-6

PVC = polyvinyl chloride pipe
dia = diameter
bgs = below ground surface

WELL CONSTUCTION 
DIAGRAM

Above ground
protective
casing

Aqua Grout 0 to 
49 ft bgs

Groundwater 
Level at 10.28 
ft btoc in June 
2017

Oof 56.1 ft bgs, 
4 in dia, Sch 40 
PVC solid riser

Borehole dia, 
10 inches from 
0 to 67.3 ft bgs

1



Stantec

DRILLING CONTRACTOR: 

DRILLING METHOD: 

DRILLING EQUIPMENT: 

SAMPLING METHOD:

Cascade Drilling 

Sonic

GP24-300 RS 

Sonic Core Barrel

CL

40

55

65

70-

LITHOLOGICAL
DESCRIPTION

5/1), slightly to low plasticity, moist.

Low sample recovery in silty sand.

Same as previous.

CLAY (CL): with trace silt, greenish gray (GLEY 5/1), 
medium plasticity, wet, very stiff, sulfur odor.

CLAY (CL): with silt and interbedded thin fine to 
medium grained sand, greenish gray (GLEY 6/1) to 
dark greenish gray (GLEY 4/1

SILTY SAND (SM): with trace silt, gray (5Y 5/1), wet, 
nonplastic, sulfur odor, loose.

SILTY CLAY (CL): greenish gray (GLEY 5/1), slightly 
to low plasticity, wet.

SILTY SAND (SM): with trace silt, dark greenish gray 
(GLEY 3/1), fine to medium grained, wet, nonplastic, 
sulfur odor, loose.

CLAY (CL): with trace silt, dark greenish gray (GLEY 
4/1), medium plasticity, stiff to very stiff, sulfur odor.

End of borehole at 69 ft below ground surface in 
clays.

MONITORNG WELL ID: MW-23 
CLIENT: US Magnesium LLC

PROJECT. Groundwater Discharge Permit Application

SITE LOCATION: US Magnesium Rowley, Utah Plant

COORDINATE SYSTEM: NAD 1983 UTM Zone 15

EASTING: 1305195.27NORTHING: 3497263.97

ELEVATION: 4219.582 BOREHOLE ANGLE: 90 degrees

TOTAL DEPTH (ft): 67.3 GROUNDWATER LEVEL (ft btoc): 10.28

DATE STARTED: 6/16/2017 DATE FINISHED: 6/16/2017

LOGGED BY: Bill Bragdon

LABORATORY RESULTS

O

5.7

29.6

if,
<0 W

CL

CL

47.7

K
(cm/sec)

WELL CONSTUCTION 
DIAGRAM

3.4E-8

8.2E-8

Mntpc;' K = Hydraulic conductivity ft = feet PVC = polyvinyl chloride pipe
ivuies’. cm/sec = centimeters per second UTM = Universal Transverse Mercator dia = diameter

ft btoc = feet below top of casing Sch - schedule of a pipe bgs = below ground surface

Bentonite 49 to 
54 ft bgs.
Filter Pack 
Sand 54 to 63.7 
ft bgs

56.1 to 66.1 ft 
bgs, 4 in dia, 
Sch 40 PVC 
screen

End Cap at 
69.4 ft bgs
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US MAGNESIUM, LLC
MONITORING WELL COMPLETION FORM

/?
Project

Drilling Company: —---------

GROUND SURFACE

Concrete Bottom/Grout Top Depth (ft bgs)----L

. Key Number
^-----Protective Casing Top (ft ags)

Grout Type

Grout Bottom Depth (Seal Top Depth; ft bgs),

Riser Top (Not applied to Flush Mount; ft ags)

M , Blank Casing Top Depth (Riser Bottom; ft bgs)

2c _ Protective Casing Depth (ft bgs)
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Logged By: _________________

BORING LOCATION (

i fctiW---- \

m tW

Water Elevation ffU: ^0-0'f .Q L? 

Date Measured: G /l> H

Total Depth (ft.): 

Diameter (in.)___ 3PL

Boring ID: MKJ-*?
Northina: /4^7^Z.?^r.lj~jEastinQ:

Ground Surface Elevation (ft.): A-~Z-H. ,

Measuring Point (MR) Elevation (fU:

MP is Topol PVC Casing Datum: NGVD(1929)

Drilling Contractor: 
Drilling Method: "

dor:

■ (t<
Screen: Diameter___
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LITHOLOGIC DESCRIPTION
(USCS name; color, size and angularity of each component or plasticity: 

density; moisture content; additional facts)
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1.0 INTRODUCTION

This standard operating procedure (SOP) is intended to serve as a reference for the proper 

equipment and techniques for collecting groundwater samples for chemical analysis. The 

purpose of this SOP is to enable the user to collect representative and defensible groundwater 

samples, and to plan the field sampling effort. The techniques presented will be followed 

whenever applicable, although site-specific conditions or project-specific requirements may 

warrant adjustments in methodology.

To be valid, a groundwater sample must represent the water-bearing unit being sampled. The 

physical, chemical, and bacteriological integrity of the sample must be maintained from 

collection to analysis in order to minimize changes in water quality. Acceptable equipment for 

sample collection from completed wells includes bailers and various types of pumps. In order to 

obtain a representative sample of the groundwater, the sampler must accomplish the following:

• avoid collecting stagnant (standing) water in the well casing;

• avoid physically or chemically altering the water due to improper sampling techniques, 

sample handling, or transport; and;

• document that proper sampling procedures have been followed.

This SOP describes groundwater sample collection methods only.

2.0 DEFINITIONS

Annular Space: The space between the casing or well screen and the wall of the drilled hole, or 

between the drill pipe and casing, or between two separate strings of casing. The annular space 

may also be referred to as the annulus.

Aquifer: A geologic formation, group of formations, or part of a formation that is capable of 

yielding economic quantities of water to a well or spring.

Bailer: A long, narrow, tubular device with an open top and a bottom check valve that is used to 

remove water from a well during purging or sampling. Bailers may be made of Teflon®, 

polyethylene, or stainless steel. Disposable bailers are available and are made of polyethylene.
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Bladder Pump: A pump consisting of a flexible bladder usually made of Teflon® contained 

within a rigid cylindrical body (commonly made of stainless steel or PVC) that is operated using 

compressed air and a pump controller. The lower end of the bladder is connected through a 

check valve to the intake port, while the upper end is connected through a second check valve to 

a sampling line that leads to the ground surface. A second line, the gas line, leads from the 

compressed air source to the space between the bladder and the outer body of the pump. After 

filling under hydrostatic pressure, application of gas pressure forces the groundwater to the 

surface through the sample line. An air compressor or compressed air tank provides gas 

pressure. The pump controller automatically switches the gas pressure off and on at specific 

intervals.

Centrifugal Water-Supply Pump: A pump that creates a vacuum and moves liquid by 

accelerating it radially outward and upward in an impeller to a discharge line.

Chain-of-Custody: Method for documenting the history and possession of a sample from the 

time of its collection through its analysis, data reporting and final disposition.

Check Valve: Ball and spring valves on bailers and pumps that are used to allow water to flow 

in one direction only.

Conductivity (electrical): A measure of the quantity of electricity transferred across a unit area, 

per unit potential gradient, per unit time. It is the reciprocal of resistivity.

Datum: An arbitrary surface (or plane) used in the measurement of heads (i.e., National 

Geodetic Vertical Datum [NGVD], commonly referred to as mean sea level [msl]).

Decontamination: A variety of processes used to clean equipment that contacted formation 

material or groundwater that is known to be or suspected of being contaminated.

Dissolved Oxygen (DO): A measure of the quantity of oxygen dissolved in groundwater. DO 

data is collected in the field using direct measure probes. DO is used to assess the balance 

between oxygen-consuming and oxygen-producing processes.

Downgradient: In the direction of decreasing hydrostatic head.

Drawdown: The lowering of the potentiometric or piezometric surface in a well and aquifer due 

to the discharge of water from the well.
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Electric Submersible Pump: A pump that consists of a rotor contained within a chamber and 

driven by an electric motor. The entire device is lowered into the well with the electrical cable 

and discharge tubing attached. A portable power source and control box remain at the surface. 

Electrical submersible pumps used for groundwater sampling are constructed of inert materials 

such as stainless steel and teflon, and are sealed to prevent sample contamination by lubricants.

Filter-Pack: Sand or gravel that is generally uniform, clean, and well-rounded that is placed in 

the annulus of the well between the borehole wall and the well screen to prevent formation 

material from entering the well screen, and to stabilize the adjacent formation.

Groundwater Sample: A sample collected from an aquifer for chemical analysis to support 

remedial investigation, feasibility studies, treatability studies, remediation design and 

performance assessment, waste characterization, etc.

Head-Space: The empty volume in a sample container between the water level and the cap.

Hydropunch®: An in-situ groundwater sampling system in which a hollow steel rod is driven 

into the saturated zone and a groundwater sample is collected via a stainless steel bailer.

In Situ: In the natural or original position; in place.

Monitoring Well: A well that is constructed by one of a variety of techniques for the purpose of 

extracting groundwater for physical, chemical, or biological testing, or for measuring water 

levels.

Oxidation-Reduction Potential (ORP): ORP is a measurement of the potential of a given 

system to oxidize or reduce. ORP data are collected in the field using direct measure probes. 

Positive potentials indicate the system is oxidizing, while negative potentials indicate the system 

is reducing.

Packer: A transient or dedicated device placed in a well or borehole that isolates or seals a 

portion of the well, well annulus, or borehole at a specific level.

Peristaltic Pump: A low-volume suction pump. The compression of a flexible tube by a rotor 

results in the development of suction.

pH: A measure of the acidity or alkalinity of a solution, numerically equal to 7 for neutral 

solutions, increasing with increasing alkalinity and decreasing with increasing acidity.
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Piezometer: A non-pumping well, generally of small diameter, that is used to measure the 

elevation of the water table or potentiometric surface.

Preservative: An additive (usually an acid or a base) used to protect a sample against decay or 

spoilage, or to extend the holding time for a sample.

Static Water Level: The elevation of the top of a column of water in a monitoring well or 

piezometer that is not influenced by pumping or conditions related to well installation, 

hydrologic testing, or nearby groundwater extraction.

Temperature: A measure of the thermal energy contained in a solid or fluid.

Turbidity: Cloudiness in water due to suspended and colloidal organic and inorganic material. 

Upgradient: In the direction of increasing hydrostatic head.

3.0 RESPONSIBILITIES

This section presents a brief definition of field roles, and the responsibilities generally associated 

with them. This list is not intended to be comprehensive and often, additional personnel may be 

involved. Project team member infonuation will be included in project-specific plans (e.g., work 

plan, field sampling plan, quality assurance plan, etc.), and field personnel will always consult 

the appropriate documents to determine project-specific roles and responsibilities. In addition, 

one person may serve in more than one role on any given project.

STANTEC Project Manager: Develops the groundwater sampling program with input from 

key project staff and project stakeholders.

STANTEC Quality Control Manger: Perforins project audits. Ensure that the project-specific 

data quality objectives are met.

STANTEC Field Team Leader (FTL) and/or Geologist, Hydrogeologist, or Engineer:

Implements the groundwater sampling program and supervises other sampling personnel. Insure 

that proper chain-of-custody procedures are observed and that samples are collected, packaged, 

transported, and shipped in a correct and timely manner. Also prepares daily logs of field 

activities.
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STANTEC Field Sampling Technician (or other designated personnel): Assists the FTL 

and/or geologist, hydrogeologist, or engineer in the implementation of tasks and is responsible 

for the proper use, and maintenance of groundwater sampling equipment.

4.0 MONITORING WELL SAMPLE COLLECTION PROCEDURES

4.1 SAMPLING EQUIPMENT

There are several types of equipment available for well purging and sampling. Several factors 

that will be considered when choosing purging and sample collection equipment include the 

depth and diameter of the well, availability of the equipment, the recharge capacity of the well, 

and the analytical parameters of interest. Few sampling devices are suitable for the complete 

range of groundwater parameters. For example, a peristaltic pump is acceptable for collecting 

major ion and trace metal samples, but it may lead to erroneous analytical results if used for the 

collection of samples for volatile organics analysis or dissolved gases.

In many cases pumps such as bladder and electric submersible pumps are used for sample 

collection. These pumps minimize the aeration of the groundwater as it is sampled, and 

therefore provide the most representative samples. The use of other types of sample collection 

equipment, such as bailer, or gas lift pumps, is not recommended, especially when analyzing for 

parameters that are sensitive to geochemical changes that can occur due to the aeration of the 

water within the well such as VOC’s. In addition, the use of these sampling devices may entrain 

suspended materials, such as fine clays and colloids that are not representative of mobile 

chemical constituents in the formation of interest (Puls and Barcelona, 1989).

4.2 PRE-SAMPLING PROCEDURES

Well Inspection: Upon arrival at the well, prior to groundwater purging or sampling, sampling 

personnel will document any signs of tampering or well deterioration. These observations will 

be recorded in the field logbook or on a field form. A plastic sheet will be placed around the 

well head to prevent contamination of the surface around the well during purging/sampling, and 

to keep decontaminated sampling equipment from contacting the ground surface.

Field Measurements — Water Level and Water-Quality Parameters: Water level 

measurements and water-quality parameters including pH, conductivity, temperature, turbidity, 

ORP, and DO will be collected in the field during groundwater purging and sampling. The
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sensitivity of the water-quality parameters to changes as a result of exposure of groundwater to 

surface level conditions (e.g., changes in the partial pressure of dissolved gases or the conditions 

of the purging system) make in-situ monitoring desirable. If possible, water-quality parameter 

measurements should be conducted in a closed, flow-through cell attached to the discharge line 

of the pump system.

The accuracy, precision, and usefulness of these measurements are dependent on the proper use 

and care of the field instruments. All meters will be calibrated in accordance with the 

manufacturer’s directions. The instruments will be handled carefully at the well site and during 

transport to the field and between sampling sites. All information regarding meter calibration 

will be described in the field log book or field log form. All meters will be used in accordance 

with the manufacturer’s directions and no meters will be used unless they are functioning 

properly. The following paragraphs describe the general procedures for field parameter 

measurement.

Water Level: A full round of water levels will be measured in all relevant wells prior to the 

sampling of any wells and used to calculate the purge volumes. Water levels will be monitored 

before, during, and after sampling if following low flow or standard purge sampling procedures 

are used.

pH: pH will be measured during purging and immediately prior to sample collection using a 

meter with an accuracy of + 0.1 pH units. . Prior to use of the pH meter, it will be established 

that the meter is providing accurate measurements. All information regarding meter calibration 

will be described in the field log book or field log form. All meters will be used in accordance 

with the manufacturer’s directions and no meters will be used unless they are functioning 

properly. The following procedures will be followed for field measurement of pH:

1. Immerse the probe in the sample. Allow for sufficient flow past the probe membrane 

either by stirring the sample or placing the probe in a flow-through cell.

2. Allow the meter to stabilize and record the pH to the nearest 0.1 pH units in the field 

logbook or on the field form.

Specific Conductivity: Specific conductivity will be measured during purging and immediately 

prior to sample collection. For passive sampling, specific conductivity will be measured
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immediately following sample collections, dependent of sample volume requirements. Prior to 

use of the specific conductivity meter, it will be established that the meter is providing accurate 

measurements. All information regarding meter calibration will be described in the field log 

book or field log form. AH meters will be used in accordance with the manufacturer’s directions 

and no meters will be used unless they are functioning properly. The following procedures will 

be followed for field measurement of specific conductivity:

1. Immerse the specific conductivity probe in the sample. Allow for sufficient flow past the 

probe membrane either by stirring the sample or placing the probe in a flow-through cell.

2. Allow the meter to stabilize and record the specific conductivity and unit of measurement 

(e.g. micromhos/centimeter [pm/cm] or millimhos/cm).

Temperature: Temperature will be measured during purging and immediately prior to sample 

collection with either a mercury or electronic thermometer capable of accurately reading to 0.1 

degrees Celsius (°C). Prior to use of the temperature meter, it will be established that the meter is 

providing accurate measurements. All temperature meters will be used in accordance with the 

manufacturer’s directions and no meters will be used unless they are functioning properly. The 

following procedures will be followed for field measurement of specific temperature:

1. Immerse the temperature probe or thermometer in the sample.

2. Allow the temperature to stabilize and record the temperature and unit of measurement 

(e.g. degrees Fahrenheit or Celsius) to the nearest 0.1 degrees in the field log book or on 

the field form.

Dissolved Oxygen: Dissolved oxygen will be measured during purging and immediately prior 

to sample collection. Whenever possible, in-situ measurements of DO will be collected to 

minimize sample handling. If this is not possible, care will be taken during DO measurement to 

minimize turbulence that may lead to increased oxygen solubilization in the sample and 

unreliable results. Non-in-situ DO measurements should be indicated as such in field log books. 

Prior to use of the DO meter, it will be established that the meter is providing accurate 

measurements. All DO meters will be used in accordance with the manufacturer’s directions and 

no meters will be used unless they are functioning properly. The following procedures will be 

followed for field measurement of DO:
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1. Immerse the probe in the sample and allow sufficient time for the meter to stabilize.

2. Read and record the dissolved oxygen content and unit of measurement to the nearest

0.1% for percent oxygen readings or 0.1 milligrams per liter (mg/l) for mg/1 readings in 

the field logbook or on the field form. Note that DO is affected by temperature and it is 

important that the associated temperature measurements are accurate.

Oxidation-Reduction Potential: Oxidation reduction potential will be measured during purging 

and immediately prior to sample collection using direct measure instruments. . Prior to use of 

the ORP meter, it will be established that the meter is providing accurate measurements. All 

ORP meters will be used in accordance with the manufacturer’s directions and no meters will be 

used unless they are functioning properly. The following procedures will be followed to obtain 

ORP readings:

1. Immerse the probe in the sample. Allow for sufficient flow past the membrane either by 

stirring the sample or placing the probe in a flow-through cell.

2. Allow the meter to stabilize and record the reading (in millivolts) in the field log book or 

on the field form.

Turbidity: Turbidity will be measured during purging and immediately prior to sample 

collection using a direct read meter. Turbidity is a measure of the interaction of light with 

suspended solid particles in the sample, and is reported in Nephelometric Turbidity Units 

(NTUs). Prior to use of the turbidimeter, it will be established that the meter is providing 

accurate measurements. All turbidimeters will be used in accordance with the manufacturer’s 

directions and no meters will be used unless they are functioning properly. The following 

provides general guidance for collecting turbidity data:

1. Place the meter probe into the sample, or place the cuvette containing the sample into the 

measuring chamber of the meter. .

2. Allow the meter to stabilize and record the turbidity measurement in the field log-book or 

on the field form.

Pre-Sampling Purging Criteria The recommended amount of purging before sampling is 

dependent on many factors including the characteristics of the well, the hydrogeological
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properties of the aquifer, the type of sampling equipment being used, and the proposed analytical 

parameters.

For all standard sampling techniques, determination of the total pre-sampling purge volume will 

be volume-based (sampling procedures are discussed in Section 4.5). A minimum of three 

borehole volumes will be purged prior to sampling for all wells that do not bail or pump dry at a 

purge rate of > 1 liter per minute. It is recommended that a flow rate as close to the actual 

groundwater recharge rate (steady state flow) as possible be used to avoid further well 

development, well damage, or the disturbance of accumulated corrosion or reaction products in 

the well (Puls and Barcelona, 1989).

During purging, water-quality parameters including pH, turbidity, specific conductivity, 

temperature, DO, and ORP will be measured. Pre-sampling purging will be considered complete 

when three borehole volumes have been removed from the well, and the final three consecutive 

measurements (collected at time intervals equal to or greater than the required time to purge V2 of 

the borehole volume) do not change by more than the following:

Conductivity

PH

Temperature 

Dissolved Oxygen 

ORP 

Turbidity

±3%

±0.1 units

±1 degree Celsius

±0.3 milligrams per liter (mg/1)

±10 millivolts

<5 NTU

If the parameters have not stabilized after three borehole volumes have been purged from the 

well, up to three additional borehole volumes (resulting in a total of six borehole volumes) will 

be removed. If the parameters are not stable after a maximum or six borehole volumes have 

been purged, the sample will be collected and the non-stabilized parameters will be recorded. In 

some cases turbidity requirements may not be met for some wells, or if methods other than 

pumps are used for groundwater evacuation. If the turbidity exceeds 5 NTUs after three 

borehole volumes have been removed and the turbidity is continuing to decrease, purging should 

continue until turbidity stabilizes. If the stable turbidity measurements (i.e., three measurements 

within ±10%) exceed 5 NTUs, the Project Manager will be contacted to determine what 

corrective actions, if any, will be taken prior to sampling.
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Borehole volumes will be calculated following the steps described below. Calculations and the 

total purge volumes will be entered in the field logbook or groundwater sampling log form.

1. Obtain all available information on well construction (e.g., casing diameter, borehole 

diameter, screened interval, total well depth, etc.).

2. Measure and record static water level (depth below ground level or top of casing 

reference point).

3. Determine depth of well by sounding using a clean, decontaminated weighted tape

measure or an electronic water-level probe.

4. Calculate the purge water volume using the following formula:

Total Purge Volume: Vt = 3(VC + Van) x 7.48 gal/ft3

where: vt Total Purge Volume (gals)

Vc Volume of water in well casing (ft3)

Va Volume of water in well annulus (ft3)

n = Estimated porosity of sand pack (usually 30%)

7.48 = Conversion factor from cubic feet to gallons

Casing Volume: Vc = 7i;r]2hi

where: Vc Casing Volume (ft3)

n Inside radius of monitoring well casing (ft)

hi - Height of water column (i.e., total well depth minus static

water level depth) (ft)

Annular Volume: Va = 7i(r22 - n2) hi

where: Va Annular volume (ft3)

V2 Radius of borehole (ft)

n Outside radius of well casing (ft)

hi Total vertical saturated thickness of sand pack (ft)

Alternatively, the casing volume can be calculated by multiplying the linear feet of water in the 

well by the volume per linear foot taken from Table 20-2 or other similar tables. The units used 

for all calculations will be consistent.
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When evacuating low yield wells (wells that pump or bail dry at a purge rate > 1 liter per minute) 

the well will be purged to dryness once (USEPA, 1986, 1992). Sampling will be conducted 

when the well recovers to 90 percent of the pre-purge water column thickness. If under special 

circumstances the well does not recover to 90 percent within a normal workday, the well may be 

allowed to recover overnight and be sampled the following morning. When a well is to recover 

overnight, the Project Manager will be notified. At no time will the well be pumped or bailed 

dry if the recharge rate causes the formation water to vigorously cascade down the sides of the 

screen, which may cause the loss of volatiles.

4.3 GENERAL CRITERIA FOR SAMPLE COLLECTION

As discussed in Section 4.1, several types of equipment may be used for groundwater sample 

collection. Regardless of the type of equipment used, the following procedures will be observed 

during groundwater sampling:

• When using non-dedicated sampling equipment, monitoring wells will be sampled in the 

order of increasing contamination.

• After well development, adequate time must be allowed for the formation to equilibrate 

before the well should be sampled. The length of time between well development and 

sampling depends on the hydraulic conductivity and gradient of the formation around the 

well. For wells with higher hydraulic conductivities and/or gradients, one to two days 

may be sufficient for the formation to return to equilibrium. Wells with lower hydraulic 

conductivities and/or gradients may require significantly more time to come to 

equilibrium.

• All purging and sampling equipment will be decontaminated prior to purging and 

sampling, and between sampling locations (non-dedicated equipment).

• All samples for dissolved metals analysis will be field filtered and preserved.

• Temperature, pH, specific conductance, DO, ORP, and turbidity will be measured 

immediately prior to sample collection.

• Preserved sample bottles will be checked daily for the proper pH using litmus paper test 

strips. When checking VOA vials, a vial will be filled with sample water and a strip of 

litmus paper will be used to test the solution; the test vial will not be used for sample
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collection. The pH of other preserved bottles can be checked by pouring a drop of 

sample solution out of the cap onto the litmus test strip; the bottle can be used for sample 

collection. Acids will have a pH of less than or equal to 2 and bases will have a pH of 

greater than or equal to 13.

• In accordance with EPA guidance powder-free gloves and “low-particulate” paper towels 

will be used by personnel during sample collection.

• All groundwater sample data and information collected in the field will be recorded in the 

field log book or on a field form..

• Sample bottles will be filled in order of the volatility of the analytes to be tested so that 

containers for analysis of volatile organic compounds (VOCs) will be filled first, and 

those for analyses that are not pH-sensitive or subject to loss of volatile or semi-volatile 

components will be filled thereafter. The sample collection order that will be followed is 

based on U.S. EPA guidance (U.S. EPA, 1986) and is as follows:

- VOCs

Total petroleum hydrocarbons (TPH)

Total organic halogens (TOX)

Total organic carbon (TOC)

Extractable organics (e.g., semi-volatile organic compounds, pesticides, herbicides, 

explosives)

Total metals 

Dissolved metals 

Phenols 

Cyanide

Sulfate and chloride 

Nitrate and ammonia 

Radionuclides.

Dissolved Metals Filtering Procedures: Groundwater samples for dissolved metals will be 

filtered in the field using a disposable 0.45-micron (pm) filter prior to filling the sample
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containers. If the samples are collected with a pump, an in-line disposable filter will be placed 

on the pump discharge line and the groundwater sample will be collected directly into the sample 

container from the filter discharge. If the samples are collected with a bailer, the sample will 

first be transferred to a clean container. This sample will then be filtered using either a peristaltic 

pump equipped with Teflon® tubing and an in-line 0.45 pm disposable filter or a hand vacuum 

filtration system (e.g., Nalgene ™ disposable filtration units). The inlet of the pump tubing will 

be placed in the groundwater sample and the sample will be pumped through the filter and 

collected into the sample container from the filter discharge. All filtered groundwater samples 

will be field preserved with nitric acid to a pH of <2. Note that the samples will not be preserved 

prior to filtering. The filters will be discarded after each use.

VOC Sample Collection Procedures: Regardless of the sampling equipment type, the 

following procedures will be used for VOC sample collection. It should be noted that bailers are 

not recommended for the collection of VOC samples . Bailers should only be used as a last 

resort in the collection of VOC samples and approval from the Project Manager must be obtained 

prior to using a bailer to collect samples for VOC analysis.

• If a pump is used for sampling, the pump discharge rate will be reduced to 100 milliliters 

per minute (ml/min) or less. If a bailer is used for sampling, a VOC sampler will be 

attached to the bottom of the bailer. The VOC sampler will be inserted in such a manner 

as to allow a streamlined flow of water into the sample bottle. The contents of the bailer 

will be discharged slowly through the VOC sampler to the sample container to minimize 

aeration of the sample. During direct-push groundwater sampling, sample water may be 

slowly poured from the top of the stainless steel bailer, thus reducing the amount of 

sediment collected in the vial.

• The sample container will be completely filled so that a convex meniscus forms over the 

neck of the opening to eliminate head-space.

• Position the Teflon® side of the septum (in the vial cap) against the meniscus, and screw 

the cap on tightly.

• Invert the sample bottle and tap lightly to check for air bubbles. The absence of an air 

bubble indicates an airtight seal. If an air bubble is observed, recollect the sample
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following the procedures described above using a new sample vial. This process will be 

continued until the VOC sample vials contain no head space.

• Collected VOC samples will be checked for effervescence (sparging). If sparging is 

observed, the VOC sample will be recollected in unpreserved volatile organic analysis 

(VOA) vials to prevent the loss of VOCs from the sample.

Non-VOC Sample Collection Procedures: The following procedures will be followed for the 

collection of samples for analyses other than VOCs or dissolved metals:

• If a pump is used, the pump discharge will be reduced to minimize agitation or aeration 

of the sample.

• The sample containers will be filled in order from the least to the most stable compounds 

as described previously.

• Sufficient volume will be collected so that the scheduled analysis can be performed. The 

sample containers do not need to be filled so that there is no head-space.

4.4 MONITORING WELL PURGING AND SAMPLING EQUIPMENT

Several types of equipment may be used for purging and sampling. Equipment that may be used 

for purging includes bailers, and bladder, electric submersible, water supply, and peristaltic 

pumps. The types of equipment that may be used for sampling include bailers, and bladder, 

electric submersible, and peristaltic pumps. Centrifugal water-supply pumps will not be used for 

sample collection. Specific instructions for the use of several types of equipment for purging and 

for sample collection are presented in the paragraphs that follow.

Bailers: Bailers represent the simplest method of purging or collecting a sample from a well. 

However, they may not be suitable for the collection of samples for certain analyses. The 

advantages associated with bailer use are:

• Relatively inexpensive to purchase and use.

• Disposable bailers minimize decontamination and potential for cross-contamination.

The limitations associated with bailer use are:

• Labor-intensive, particularly in deep wells (> 30 ft)

SOP-20 US Magnesium Facility

Page 15 of 25



• Rope used to lower and raise bailer may introduce surface contaminants into well.

• Bailers are not preferable for the collection of samples for VOC analysis, but in some 

cases (e.g., small-diameter piezometer) bailing may be the best means available.

The following general procedures will be followed when using a bailer for well purging and 

sampling:

• Non-disposable bailers will be decontaminated prior to use and between sampling each 

subsequent well.

• Stainless steel, Teflon®-coated stainless steel wire, or disposable nylon rope is 

recommended for lowering and retrieving the bailer from the well. At no time should the 

bailer or the line touch the ground during the sampling process. This can be done by 

coiling the line in a bucket or on a sheet of polyethylene. Polypropylene line may be 

substituted for the stainless steel wire, but should be discarded after each use. Nylon rope 

should be discarded and wire should be decontaminated after use.

• When lowering the bailer into the well, care should be taken to minimize agitation in the 

well, such as when the bailer contacts the water-table surface. The bailer should be 

lowered to a depth below the top of the screened interval during purging and sampling to 

ensure that the collected sample water is obtained directly from the screened interval of 

the well.

• Once pre-sampling purging criteria have been met, lower the bailer slowly into the well 

and fill with groundwater. Retrieve the bailer to the surface and attach a VOC sampler to 

the bottom of the bailer. The VOC sampler should be inserted in such a manner as to 

allow a streamlined flow of water into the sample bottle. Sample groundwater will be 

dispensed from the bottom of the bailer, through the VOC sampler, into the sample 

container. Care will be taken to minimize aeration of the sample during filling. As 

previously mentioned, direct-push groundwater samples may be dispensed from the top 

of the bailer, thus reducing the amount of sediment collected in the vial.

• If VOC samples are scheduled for collection, fill sample vials so that there is no head- 

space, following the guidance under Section 4.3 VOC Sample Collection Procedures.
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• Collect the remaining sample fractions by discharging the contents of the bailer into the 

sample containers. The sample bottles need to be filled so that there is sufficient volume 

for the scheduled analysis; however, the sample containers do not need to be filled so that 

there is no head-space.

Peristaltic/Centrifugal Water-Supply Pumps: Peristaltic and centrifugal water-supply pumps 

are widely used for purging wells with shallow water levels (less than 30 feet). Peristaltic pumps 

are only suitable for the collection of certain environmental samples Centrifugal water-supply 

pumps will not be used for sample collection. The advantages associated with these pumps are:

• They are light, portable and easily adaptable.

• Minimal downhole equipment is required.

• They are capable of delivering large quantities of water against low head conditions.

• Disposable tubing minimizes lengthy decontamination procedures.

The limitations associated with the use of these pumps are:

• Electricity is needed

• Both pumps are not suitable for purging wells deeper than 30 feet.

• If new tubing is not avai lable, decontamination may be time consuming.

After meeting pre-sampling purging criteria, the following procedures will be followed when 

sampling with a peristaltic pump:

1. Reduce the flow of the peristaltic pump to minimize aeration of the groundwater sample.

2. Collect the sample fractions into the appropriate sample containers. The sample bottles 

need to be filled so that there is sufficient volume for the scheduled analysis; however, 

the sample containers do not need to be filled so that there is no head-space.

Electric Submersible Pumps: Electric submersible pumps may be used for both purging and 

sampling, and along with bladder pumps, are often the preferred method of groundwater sample 

collection. Submersible pumps take in the sample and push the sample up a discharge tube to the 

surface. The power source for these pumps is electricity. Electric submersible pumps are 

available for 2-inch-diameter wells and larger, and can lift water up to two hundred feet. These
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pumps should be dedicated, wherever possible, and used in wells with high purge volume 

requirements.

The advantages of these pumps are:

• They allow for collection of low turbidity samples.

• They are easy to install as dedicated systems.

• Limitations of these pumps are:

• Certain models may be expensive.

• Electricity is needed.

• Sediment in water may cause clogging of the pump and deterioration of the impellers.

• Decontamination of non-dedicated electric submersible pumps may be difficult and time 

consuming.

The procedures outlined below will be followed for purging with electric submersible pumps.

For wells with high recharge rates (> 1 liter per minuteT purge as follows:

1. Set the pump intake within the screened interval, adjacent to the most impacted 

hydrogeologic zone. In some cases (e.g., screened intervals 10 feet long or less) the 

pump intake may be placed approximately two feet above bottom of well.

2. Record water level and potential subsequent drawdown continuously with an electric 

water level indicator.

3. If the static water level prior to purging is above the screened interval, acceptable 

drawdown will be defined as the lowering of the water level to the top of the screened 

interval. If continued drawdown occurs below the top of the screened interval, the pump 

rate will be decreased to stabilize the water level to prevent atmospheric contact with the 

filter pack and formation.

4. If the static water level prior to purging is within the screened interval, the drawdown due 

to purging will not exceed a distance of 25 percent of the length of the saturated screened 

interval. This will prevent cascading and the potential loss of volatiles, excessive 

turbidity, and entrapment of air in the filter pack. The well should not be pumped dry.
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5. If the pump seizes up during purging, the pump may be jiggled within the well in an 

attempt to free clogged sediment and resume pump operation.

For wells with low recharge rates (< 1 liter per minute! the following procedures will be used to 

purge the wells:

1. Set the pump intake at approximately two feet above the bottom of the well. Measure the 

depth to water.

2. Purge the well at a rate of approximately one liter per minute (this flow rate may not be 

possible in deeper wells) until the water level drops to the pump intake.

3. Allow the static water level to recover to 90 percent of the original static level. If under 

special circumstances the well does not recover to 90 percent within a normal workday, 

the well may be allowed to recover overnight and be sampled the following morning. 

When a well is to recover overnight, the Project Manager will be notified. At no time 

will the well be pumped or bailed dry if the recharge rate causes the formation water to 

vigorously cascade down the sides of the screen, which may cause the loss of volatiles.

4. After sufficient recharge has occurred, pump at a low flow rate (e.g., 100 ml/min.) and 

collect water-quality parameter measurements if adequate water volume is present. 

Continue purging and monitoring until three consecutive readings meet the stabilization 

criteria. The drawdown will be monitored continuously to ensure the water level does 

not drop to a level less than one foot above the pump intake. If adequate water volume is 

not present, sample without field parameter stabilization.

The following procedures will be followed when collecting groundwater samples using a 

submersible pump:

1. Once purging requirements have been met, adjust the flow rate to maintain a steady 

streamlined flow from the discharge tube into the sample container. Sample collection 

flow rates will be approximately 100 ml/min. In between filling containers, care will be 

taken to ensure that well water does not flow onto the ground.

2. Collect samples in order of volatility. Samples for VOC analysis will always be collected 

first.
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3. Fill VOC sample bottles so that there is no head-space, following the guidance under 

Section 4.3 VOC Sample Collection Procedures.

4. Collect the remaining sample fractions. The sample bottles need to be filled so that there 

is sufficient volume for the scheduled analysis. However, the sample containers do not 

need to be filled so that there is no head-space.

Bladder Pumps: Bladder pumps are positive displacement pumps that can be used for both 

purging and sample collection, and along with electric submersible pumps, are often preferred 

for sample collection. Groundwater is displaced and forced up the pump discharge line by an 

inflatable bladder. The advantages of these pumps are:

• They allow for the collection of low turbidity samples.

• They are adjustable to very low flow rates.

• They are relatively inexpensive and easy to install as dedicated systems.

Limitations of these pumps are:

• An air compressor or another source of compressed air are required to operate the pumps

• They cannot be used at depths greater than 150 feet below ground surface unless 

specially designed pumps are used.

• Pump efficiency decreases with depth.

• Sediment in water may cause clogging of the valves in the pump.

For wells with high recharge rates (> 1 liter per minute), purge as follows:

1. Set the pump intake one foot from the bottom of the screened interval for low yield wells 

or in the middle of the screened interval for high yield wells. Begin purging at 

approximately one liter per minute.

2. Once purging requirements have been met, adjust the flow rate to maintain a steady 

streamlined flow from the tube into the sample container during each discharge cycle of 

the bladder pump. Sample collection flow rates will be 100 ml/min or less for VOC 

samples. VOC sample vials will be filled completely during a bladder pump discharge

SOP-20 US Magnesium Facility

Page 20 of 25



cycle. In between filling containers, care will be taken to ensure that well water does not 

flow onto the ground.

For wells with low recharge rates (< 1 liter per minute), the following procedures will be used to 

purge the wells:

1. Set the pump intake at approximately two feet above the bottom of the well. Measure the 

depth to water.

2. Purge the well at a rate of approximately one liter per minute (this flow rate may not be 

possible in deeper wells) until the water level drops to the pump intake.

3. Allow the static water level to recover to 90 percent of the original static level. If under 

special circumstances the well does not recover to 90 percent within a normal workday, 

the well may be allowed to recover overnight and be sampled the following morning. 

When a well is to recover overnight, the Project Manager will be notified. At no time 

will the well be pumped or bailed dry if the recharge rate causes the formation water to 

vigorously cascade down the sides of the screen, which may cause the loss of volatiles.

4. After sufficient recharge has occurred, pump at a low flow rate (e.g., 100 ml/min.) and 

collect water-quality parameter measurements. Continue purging and monitoring until 

three consecutive readings meet the stabilization criteria. The drawdown will be 

monitored continuously to ensure the water level does not drop to a level less than one 

foot above the pump intake. If adequate water volume is not present, sample without field 

parameter stabilization.

4.5 MONITORING WELL LOW-FLOW SAMPLING

To limit the disposal of large volumes of purged water, monitoring wells can be sampled with 

pumps using lower flow rates (i.e. electrical submersible, bladder, peristaltic). Studies have 

shown that groundwater in the screened interval of a standard monitoring well can be 

representative of groundwater in the formation, even though stagnant water lies above in the 

casing. This occurs when flow is generally horizontal and naturally purges the screened interval. 

However, the insertion of a sampling device, such as a bailer or pump, can disrupt this 

equilibrium and cause mixing of the screened and cased interval waters. The mixture of stagnant 

and screened interval water can even be forced into the aquifer, resulting in chemical and
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microbiological effects that may affect data quality. Therefore, low-flow sampling techniques 

are most accurate using dedicated sampling devices and tubing that can be left in place within a 

monitoring well. Considerations also need to be made for switching between standard purge 

volume and low-flow sampling methods.

The objective of low-flow sampling is to minimize the velocity/stress on the sample water as it 

exits the formation into the screened interval of the well and as it enters the pump. Flow rates 

from 0.1 to 0.5 liter/minute (1/min) are typical for this sampling procedure. When performed 

correctly, water sampled using the low-flow technique is produced from the screened interval 

without disturbing stagnant water in the well casing. By using low flow rates to stabilize 

drawdown at less than the goal of 0.30 feet, only screened interval water will be sampled. 

Project-specific work plans should be developed in cases where low-flow sampling with less 

than 0.30 feet of drawdown cannot be achieved. Under these cases, the individual Project 

Manager must approve of alternative sampling methods prior to sampling.

The following procedures will be used while performing low-flow purging and sampling:

1. Install a pump and tubing in the well (if one does not already exist). Slowly lower the 

devise and tubing into the well to minimize disturbance of the stagnant water within the 

well. Place the pump/tubing inlet in the screened interval at the appropriate depth, which 

should be near the midpoint of the screened interval unless site-specific conditions dictate 

placing the inlet at a different point within the screened interval. Wait at a sufficient 

amount of time for well to stabilize after pump/tubing installation before purging and 

sampling.

2. Before initiating purging, place an electric water level indicator down to the top of the 

static water table and record the depth to groundwater.

3. Begin purging groundwater at a rate between 100 to 500 ml/min, making sure to 

minimize drawdown to less than 0.3 feet as a goal. Rates up to approximately 1 1/min 

may be feasible in high hydraulic conductivity formations, only if the drawdown 

continues to be less than 0.3 feet. Measure drawdown at intervals of five minutes or less 

during purging. Adjust the purge rate to balance the desired (low) purge rate and water 

level drawdown. If the recharge to the well is less than 100 ml/min (i.e., excessive 

drawdown is occurring), proceed to Step 6.
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4. The minimum volume to be purged from the well is the volume of the tubing and pump 

(available from the manufacturer). The tubing volume will be determined by multiplying 

the volume per foot of tubing (available from the manufacturer) by the total length of 

tubing.

5. During purging, measure the following groundwater quality parameters: pH, temperature, 

electrical conductivity, turbidity, DO, and ORP will be recorded every three to five 

minutes. After purging of one tubing and pump volume, three successive reading of the 

water quality parameters must be stabilized prior to sampling as outlined in the Ground- 

Water Sampling Guidelines for Superfund and RCRA Project Managers (EPA, 2002). 

The parameters will be considered stable when three consecutive readings, collected at 

intervals of at least five minutes, are within:

Conductivity

pH

Temperature 

Dissolved Oxygen 

ORP 

Turbidity

±3%

±0.1 units 

±1 degree Celsius 

±0.3 mg/1 

±10 millivolts 

<5 NTU.

However, if the turbidity is not < 5 NTU, but is stable (within ± 10 percent between 

readings) within a four-hour period, and all other parameters are stable, the samples will 

be collected. Once the parameters have stabilized begin to collect the samples.

6. If the well produces water at an extremely slow rate and excessive drawdown is occurring 

(> 0.30 feet.), even at a pumping rate of 100 ml/m in, low-flow procedures may not be the 

best sampling method for the well.

5.0 GROUNDWATER SAMPLE COLLECTION PROCEDURES 

FOR EXTRACTION OR PRODUCTION WELLS

Extraction wells will be sampled in a similar manner to monitoring wells, although allowances 

must be made for the type of pumping equipment already installed in the well. The following 

steps will be taken in collecting samples from extraction or production wells:

1. Inspect the well.
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2. Sample from the sampling ports located inside the Site groundwater treatment system 

building.

3. Open the valve and allow three borehole volumes of water to be purged.

4. Prior to collecting samples intended for VOC analyses, reduce the flow rate to 

approximately 100 ml/min. .

Fill sample containers with water directly from the sampling port as described under Section 4.3.

6.0 PURGE WATER HANDLING AND DISPOSAL

Because of the potential for spreading environmental contamination, proper purge water disposal 

is a necessary part of well monitoring. All purge water will be contained in either buckets or a 

portable storage tank (water wagon). It is acceptable to contain small amounts of purge water in 

small sampling containers (e.g., covered 5-gallon buckets, 5-gallon plastic distilled water 

bottles). For most groundwater sampling activities, purge water will be disposed of as stipulated 

in project-specific plans at the US Magnesium Facility.
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SOP-21
Collection of Surface Water Samples

Note: This document is proprietary, revision controlled, and is intended strictly for use by Stantec and its 

teaming partners or subcontractors in support of specific contractual responsibilities. Copying and further 

dissemination in any manner is not permitted without written authorization by the responsible Stantec Project 

Manager, except as may be agreed upon by Stantec and its clients in the terms and conditions of applicable 

contracts.



1.0 SCOPE

The purpose of this document is to define the standard operating procedures (SOP) for the 
collection and handling of surface water samples. This SOP applies to any work performed by 
Stantec or subcontractor personnel for any portion of surface water sampling and is intended for 
use in conjunction with site-specific workplans or sampling and analysis plans (SAPs). 
Modifications to this SOP may be made with approval of the Project Manager or Task Leader 
and the Quality Assurance (QA) Manager. Sampling locations shall be as specified in the 
governing workplan or SAP.

2.0 RESPONSIBILITIES

2.1 Field Sampling Engineer

The Field Sampling Engineer is responsible for sample collection, sample custody in the field, sample 
preservation, field testing, total and accurate completion of data sheets, sample shipment and 
delivery of data to the Project Manager, as described in this technical procedure. All staff are 
responsible for reporting deviations or nonconformance of the procedure to the Field Team Leader, 
Project Manager, or Quality Assurance (QA) Manager, in compliance with the governing workplan 
or SAP requirements.

2.2 Field Team Leader

The Field Team Leader is responsible for supervising the Field Sampling Engineers. Supervision 
includes ensuring that samples are collected, documented, preserved, field analyzed, handled and 
shipped to the appropriate laboratory as specified in project work documents and this technical 
procedure.

2.3 Project Manager

The Project Manager has overall management responsibilities for the project, is responsible for 
designing the sampling program, for arranging the logistics of the program, and for providing any 
required clarifications in the use of this procedure. The Project Manager may assume the 
responsibilities of the Field Team Leader on smaller projects.

The Project Manager is also responsible for maintaining project files and filing project documents, 
project correspondence, chain of custody forms, sediment sampling forms, generated data, and 
other associated and pertinent project information.

2.4 QA Manager

The QA Manager is responsible for developing and managing procedures outlined in the SOPs and 
in site specific SAPs, QA plans, and/or workplans.

3.0 DISCUSSION

The methods described by this procedure may be used to acquire water samples for chemical or 
radiological analysis. Methods should be selected at the discretion of the Field Team Leader or 
Project Manager in accordance with any specific provisions of governing SAPs, QA plans, 
and/or workplans.
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4.0 PROCEDURES

This SOP describes collecting surface water samples at four different types of water bodies, 
streams, seeps, reservoir or lakes, and standing water locations (ponds). Sample documentation 
and labeling, as well as, sampling frequency, locations, volumes and analyses shall be as 

specified in the governing workplan or SAP.

4.1 Decontamination

Before sampling at a new location, all water sample collection equipment will be decontaminated 
by rinsing the water collection equipment three times with source water, or as specified in the 

governing workplan or SAP.

4.2 Instrument Calibration

Electronic equipment used during sampling to obtain field parameters will include, but is not limited 
to, a pH meter with automatic temperature compensation, a specific conductivity meter, a dissolved 
oxygen meter, a turbidity meter, and an oxidation-reduction potential meter (ORP or eH). Before going 
into the field, the field team leader will verify that all equipment is operating properly. Calibration, 
times and appropriate readings will be recorded in the field notebook and as specified in the 
governing workplan or SAP. Meters will be calibrated according to manufacturer’s instructions.

4.3 Filtering

Samples to be analyzed for dissolved state will be filtered during the field sampling event by using 
a disposable 0.45

micron filter apparatus and peristaltic pump, vacuum pump, syringe, or equivalent equipment.
Other samples for a particular analysis may require filtering as specified in the governing workplan 
or SAP. Filtered samples will be collected according to the following procedure:

• Assemble filter device according to manufacturer's instructions.

• Filter sample either by pouring sample in the top portion of filter unit or pumping it through an 
in-line filter using the pump or syringe.

• Transfer filtered sample to appropriate sample bottle with required preservative.

• Dispose of the used filter and tubing.

• Decontaminate any reusable filtering equipment. Place decontaminated equipment in a clean 
plastic bag or container for transportation between sampling locations.

4.4 Obtaining Water Samples

The following general procedures will be used before collecting surface water samples:

• Describe physical characteristics of the water source to be sampled, including type (seep, pond, 
waste pond, stream, reservoir, lake, etc.), any visual discoloration of water, odor, clarity, or any 
other notable characteristic of the water source.

• Collect field measurements of water quality parameters.

• Assemble all necessary sample collection and filtering equipment.
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• Make sure that the sample labels have been correctly filled out for the sampling location. 
Assemble bottles for filling.

• Decontaminate sample collection equipment by rinsing the equipment three times with source 

water.

• Collect water sample. Ideally, the sample will be taken from a point away from where the 
rinsing of collection equipment occurred when sampling standing water or upstream of the 
rinsing point when collecting flowing water. The water collection container will be lowered into 
the water, taking care to avoid collecting items floating in the water and disturbing any sediment 
during sample collection. After the container is filled, carefully lift it out of the water and empty 
it into a clean sample composite container. Repeat the process at the sampling location until a 
sufficient amount of sample has been placed into the composite container as described below. 
The amount of sample to be composited shall be as specified in the governing workplan or 

SAP.

• Transfer to appropriately labeled containers

4.4.1 Seeps

Water samples will be collected by immersing the sample transfer container as described above, or 
for a raw sample, the sample container in the water source. This collection method results in a grab 
sample that characterizes the medium at a point in space and time, and assumes that the water body 
sampled (seep) is homogeneously mixed and has no stratification. Water sample collection from 
seeps will be done closest to the point of discharge as possible, to minimize contamination from 
surficial contact.

4.4.2 Ponds

Water samples will be collected by immersing the sample transfer container as described above, 
or for a raw sample, the sample container in the water source. This collection method results in a 
grab sample that characterizes the medium at a point in space and time, and assumes that the 
water body sampled (pond) is homogeneously mixed and has no stratification due to its small 
size. Collecting water samples from standing water will have the emphasis placed upon the 
sampler limiting disturbance to the water to be sampled, and the use of a sampler that can collect 
a sample as far from the shoreline as possible. This method will be especially important when 
collecting samples from ponds that have loose material and high gradient slopes that define the 
pond shoreline. This will also be important to minimize the immersion risk of sampling 
personnel. Water samples for ponds may be collected from any point along the shoreline.

4.4.3 Channels and Ditches

Samples will be collected from the same cross section of the ditch or channel as that which is 
used for the discharge (flow) measurement, if discharge is measured. Samples can be collected 
with a peristaltic pump or dipper cup using extension rods. Samples will always be collected 
prior to making discharge measurements if discharge measurements are required. If sampling 
multiple stations on the same ditch or channel, downstream samples will always be collected 
first. Prior to sampling, the ditch or channel will be observed for any upstream activities or 
events that may affect the sample quality. If such events are occurring, the sample will not be 
collected until the flow clears and the occurrence will be recorded in the field notes.

SOP 21

Surface Water Collection

December 2017

Page 3 of 6



Selection of sampling methods and equipment based on flow conditions is as follows:

• If the ditch or channel is less than 10 ft wide, the sample will be collected from the center of the 

flow at mid-depth.

• If the ditch or channel is greater than 10ft wide, one composite, consisting of three samples will 
be collected. The water samples will be taken at !4,14, and % of the distance across the river or 
stream cross-section. These samples should be taken at mid-depth in the water column at each 
location across the stream channel. All three samples will be composited into one larger 
container, and apportioned as necessary, into the appropriate sample containers.

Water will be collected from smaller ditches and channels using a peristaltic pump or dipper cup. 
The dipping cup is a Teflon® or stainless steel cup with an extendable handle that allows for 
sample collection without the sampler having to enter the water body.

The water inside the dipper cup will then be transferred to a clean composite container. The 
process will be repeated at the sampling location until a sufficient amount of sample has been 
placed into the composite container. When a sufficient amount has been collected, transfer the 
water from the composite container into the appropriate sample containers. The method of 
sample collection shall be recorded in the field notebook.

4.5 Sampling Documentation

A field sampling data sheet will be completed at each sample location. Items not applicable to the 
sampling will be labeled as not applicable (NA). Sampling information will also be recorded in a 
bound field notebook. The information recorded on the data sheet and in the field notebook will 

include the following:

• Sampling location

• Date and time of sampling

• Persons perfonmng the sampling

• Field water quality parameter measurements (specific conductivity, temperature, dissolved 
oxygen, pH, oxidation-reduction potential, etc.)

• Physical description of the water body to be sampled (color, odor, etc.)

• Sample identification numbers

• Number of samples taken- note containers, analytes, filtering and preservation methods

• Identification numbers of any QC samples from the site

• Any irregularities or problems which may have a bearing on sample quality

4.6 Equipment List

Sample bottles and preservatives (ultm-pure or metal grade nitric acid) will be obtained from the 
laboratoiy selected to perform the chemical analyses of the samples. Extra sample bottles with 
appropriate preservatives will be obtained in case of breakage or other problems.
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Equipment used during surface water sample collection includes:

• Camera

• Chain of custody

• Coolers with ice/blue ice

• Copy of this SOP (if applicable) and the governing workplan or SAP

• Filtering apparatus with disposable 0.45 micron filters

• Hand pump, peristaltic pump, vacuum pump, or equivalent equipment

• Plastic HDPE sample containers

• Spray bottle filled with distilled water

• Plastic trash bags

• pH/eH meter (with automatic temperature compensation)

• Rope if obtaining deep samples

• Rite-in-the-Rain™ field notebook or equivalent

• Laboratory provided sample containers

• Sample labels

• Strapping and clear tape

• Turbidity meter if required

• Silicon tubing

• Writing instruments

• Measuring tape

The governing workplan or SAP may require the use of other equipment based on the scope and 
objective of an individual project. Project personnel will review the workplan or SAP for any 

equipment not listed in this SOP.

4.7 Field Quality Assurance/Quality Control Samples

Field QA/QC sample requirements shall be as specified in the governing workplan or SAP.

4.8 Sample Containers

All sample bottles must be properly cleaned and prepared. Coordinate with selected analytical 
laboratory for appropriate sample bottle types and preparation requirements. Plastic, such as 
PVC, polyethylene, polypropylene, and Tygon, is an acceptable material for contacting samples 
when the analyses are for inorganic analytes (metals, radionuclides, anions, and cations). 
Stainless steel and fluorocarbon resin (Teflon, PTFE, FEP, HDPE, or PFA) are acceptable 
materials that may contact surface water samples. Glass is an acceptable material for contacting 
samples except when silica or fluoride analyses are to be performed.
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4.9 Sample Handling

Sample handling procedures and chain of custody requirements shall be as specified in the governing 
workplan or SAP. Typical handling procedures for surface water samples are as follows:

• Store sample containers in coolers for transportation in compliance with the sample handling and 
chain of custody requirements specified in the workplan or SAP.

• Sample documentation and labeling requirements shall be as specified in the governing workplan 
or SAP.

All surface water samples shall be labeled and sealed and immediately placed in ice-filled coolers 
with securely closed lids for storage and transport. The analytical laboratory must receive samples 
in sufficient time to conduct the requested analyses within the specified holding time.

During surface water sampling operations, the proper personal protective equipment will be worn, as 
described in the applicable workplan or site safety and health plan, to minimize cross-contamination 
and to ensure the safety of the field sampling personnel.
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1.0 INTRODUCTION

This Closure and Post-closure Plan 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. The state of 
Utah requires a GWDP for facilities that may result in discharge of pollutants to 
groundwater. This plan complies with requirements outlined in Utah Administrative Code 
(UAC) R-317-6-6.3 and follows guidelines presented in the Utah Department of 
Environmental Quality (UDEQ) Division of Water Quality (DWQ) Ground Water Quality 
Protection Permitting Information Document (UDEQ, 2006).

The overall purpose of closure and post-closure activities for a facility that has been 
permitted under the Utah Groundwater Discharge Permit program is to limit long-term 
potential for groundwater to be impacted by the Facility after it is no longer in 
operation.

The groundwater discharge control system proposed for the GWDP is a Retrofitted 
Waste Pond (RWP) that includes installation of a hydraulic barrier wall. The RWP will be 
approximately 800 acres in size and has been designed to accommodate an average 
pond inflow of approximately 1100 gallons per minute (gpm). The Facility’s plant 
wastewater will be treated for organic contaminants (with filtration technology) before 
it is discharged into the pond. Closure and post-closure plans will be implemented once 
US Magnesium decides to cease operations of the RWP.

Conceptual descriptions of anticipated closure and post-closure activities are 
described in this plan and are subject to change based on results of ongoing actions 
with EPA under the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) and the Resource Conservation and Recovery Act (RCRA). The 
final closure and post-closure requirements for the pond will be selected under one of 
those programs. Once that occurs, a revised, and more detailed. Closure and Post­
closure Plan will be submitted to the Utah DWQ to ensure that closure and post-closure 
requirements under the GWDP align with the final remedy selected under CERCLA or 
RCRA.

2.0 CLOSURE PLAN CONCEPT

Proposed methods to limit potential migration of impacted groundwater outside the 
RWP boundaries during the closure period are discussed in this section at a conceptual 
level. Final closure plan details will be presented in a revised Closure and Post-closure 
Plan to be submitted after final closure requirements are selected under the CERCLA or 
RCRA program.

Because much of the RWP area has been impacted by Facility wastewater discharged 
prior to construction of the RWP and issuance of the GWDP, closure activities will 
include implementation of a barrier technology to prevent low-pFl wastewater, as well
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as other constituents of concern that may be identified during the Remedial 
Investigation (Rl) currently being conducted under CERCLA, from infiltrating into 
groundwater and migrating away from the RWP. As part of the Rl, a risk assessment will 
be completed to assess environmental risks associated with impacts to groundwater 
and surface water across the proposed RWP area.

Also included in the CERCLA program, alternative remedies will be evaluated in a 
Feasibility Study (FS) and will include utilization of a hydraulic barrier wall and cap 
barrier technologies. A salt cap barrier treatability study, using naturally precipitated 
salts from Great Salt Lake (GSL) brine, is currently underway.

US Magnesium is not presenting a final closure plan for the RWP in this application 
because, as discussed above, decisions concerning final Facility closure will be made 
under federal RCRA or CERCLA programs. However, ongoing studies performed as part 
of a salt cap treatability study (ERM, 2016) suggest that a salt cap, utilizing GSL brine, 
would be a suitable solution to protect human and ecological receptors from exposure 
to pond sediments.

2.1 SALT CAP BARRIER CONCEPT

Closure of the RWP would begin with cessation of low-pH wastewater discharges, 
preferably at the start of the evaporation season (May). Surface wastewaters 
remaining in the pond will evaporate over the course of one or more years, at which 
point brine would be added to the pond and allowed to evaporate, creating over 
several years a three to five feet thick salt cap over the RWP area. Once the design 
thickness is established, the salt cap is expected to be durable, and any potential 
cracks created would heal naturally during precipitation events.

Final design of a salt cap barrier system would be conducted following completion of 
ongoing studies and approval by the governing agencies as described above. 
Preliminary studies suggest that use of a brine that is more concentrated than GSL 
water will result in higher salt accumulation rates and that the accumulated salt 
generally forms a level surface via preferential salt accumulation in depressions (ERM, 
2017a). Less concentrated brines (i.e. GSL waters) may be used in the final season of 
salt cap construction as preliminary studies suggest such waters provide a smoothing 
effect due to some dissolution of deposited salt (which is offset by greater salt 
accumulation throughout the evaporative season)(ERM, 2017a).

Following closure, groundwater within the footprint of the RWP will be neutralized 
through interactions with high carbonate content sediments beneath the RWP and 
mixing with circum-neutral waters from infiltration of precipitation (direct and surface 
runoff) and inflow of upgradient groundwater. Groundwater beneath the RWP would 
be inhibited from migrating to the surrounding aquifer by the hydraulic barrier wall and 
the low-permeability Deeper Silty Clay Unit into which the barrier wall will be keyed (at 
approximately 40 feet below ground surface).
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Seasonal accumulation of precipitation on the salt cap is expected; however, these 
surface waters will be contained within the footprint of the RWP until climatic conditions 
allow for evaporation or they infiltrate into the contained groundwater. Infiltrating 
precipitation is not expected to mobilize organic contaminants of pofential concern 
(COPCs) in the unsaturated zone into the underlying groundwater (refer to more 
detailed discussion below in Section 2.2).

2.2 SALT CAP BARRIER CONSIDERATIONS

A potential issue with a salt cap barrier for the RWP area is that COPCs found within the 
sediments of the pond may migrate (leach) into the brine during initial application, 
causing the COPCs to be present in the salt cap itself. Preliminary results of the ongoing 
Salt Cap Chemical Compatibility study indicate that the only COPCs that have 
potential to migrate into the salt cap are polychlorinated biphenyls (PCBs) and 
polychlorinated dibenzofurans (PCDF). PCBs and PCDFs leached at values of 0.05% by 
weight (sediment concentration compared to brine concentration) or less with the 
exception of monochlorobiphenyl homologs, which leached at 2% by weight (ERM,
2017b). Even at the high end this would result in extremely low concentrations of 
COPCs within the salt cap itself, and these COPCs would be deposited into a crystalline 
halite salt matrix that would function effectively as a barrier to ingestion by ecological 
receptors (ERM, 2017b). Additionally, infiltrating precipitation is not expected to 
transport COPCs within sediments of the unsaturated zone into the underlying 
groundwater because interaction of precipitation with the salt cap will increase the salt 
content of the infiltrating water, thus decreasing the solubility of the large, non-polar 
organic COPCs via the ‘salting-out effect’ (ERM, 2017b).

Another issue may be the potential for groundwater to flow out of the upgradient 
(west) side of the RWP during the closure and post-closure periods. While the regional 
groundwater recharge into the RWP footprint is minimal (50 gpm) considering the size of 
the pond, there remains potential for groundwater to discharge near the upgradient 
side of the barrier wall. This scenario will be evaluated during the detailed design of the 
groundwater discharge control system. If groundwater discharge out of the upgradient 
side of the RWP is identified as an issue, a mitigation system, such as addition of a 
drainage trench to direct a portion of the groundwater inflow around the RWP, will be 
considered.

3.0 POST-CLOSURE PLAN CONCEPT

Post-closure activities will begin after US Magnesium has ceased operation of the RWP, 
and will include groundwater quality monitoring in the area immediately downgradient 
of the RWP.
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3.1 POST-CLOSURE GROUNDWATER MONITORING

Annual groundwater sampling is proposed for the first five years of the post-closure 
period. A network of groundwater monitoring wells located downgradient of the RWP 
will be maintained and will include a subset of the monitoring wells used for compliance 
groundwater sampling as described in the Compliance Monitoring Plan (Stantec, 2017).

Identification of post-closure groundwater sampling points and sampling 
parameters/analytes will be presented in a revised Closure and Post-closure Plan to be 
submitted after final post-closure requirements are selected under the CERCLA or RCRA 

program.

3.2 POST-CLOSURE FACILITY INSPECTIONS

Regular facility inspections will be conducted, and findings will be reported in routine 
post-closure reports. Completed inspection forms will be attached to the reports.

Ongoing inspections of groundwater monitoring facilities will be conducted on a 
semiannual basis. The condition of compliance monitoring wells and piezometers will 
be inspected and findings will be recorded.

The general condition of the RWP berms also will be inspected semiannually, and 
significant erosion or evidence of animal burrowing will be noted.

3.3 POST-CLOSURE REPORTING

An annual reporting frequency is proposed for the first five years of the post-closure 
period. After five years of post-closure monitoring, data will be reviewed and revisions 
to the post-closure groundwater monitoring plan will be recommended as appropriate.

4.0 REFERENCES
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1.0 INTRODUCTION

This Contingency and Correction Action Plan describes the contingency responses and 
corrective actions to be followed under the US Magnesium Retrofitted Waste Pond 
Groundwater Discharge Permit (GWDP). This plan fulfills one of the requirements of Part 
C (Accompanying Reports and Plans) of the GWDP application for the US Magnesium 
facility (Facility) located in Rowley, Utah. This plan complies with requirements outlined 
in Utah Administrative Code (UAC) R-317-6-6.3, and follows guidelines presented in the 
Utah Department of Environmental Quality (UDEQ) Division of Water Quality (DWQ) 
Ground Water Quality Protection Permitting Information Document (UDEQ, 2006).

The remainder of this plan is divided into two primary sections:

• Section 2.0, Contingency Plan. This section presents response options to be 
implemented if GWDP limits are exceeded.

• Section 3.0, Corrective Action Plan. This section summarizes historical Facility 
impacts to groundwater and discusses potential remedial actions that may be 
conducted under the Federal Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) or under the Resource Conservation 
and Recovery Act (RCRA).

2.0 CONTINGENCY PLAN

In the event permit compliance limits are exceeded, decision logic and response 
options for US Magnesium to regain and maintain compliance with the established 
GWDP limits are presented in this section. Contingency plan response action options 
will be selected and implemented to confirm that best available technology (BAT) is 
implemented, as necessary, based on evaluation of compliance monitoring data.

2.1 CONTINGENCY PLAN IMPLEMENTATION CRITERIA

Contingency plans will be implemented when either of the following noncompliance 
conditions are observed:

1. Groundwater Protection Level Exceedance. This condition is indicated when 
groundwater sampling data for one or more compliance sampling points do not 
meet GWDP groundwater protection levels for three consecutive monitoring 
rounds.

2. Loss of Hydraulic Containment. Loss of hydraulic containment may be indicated 
based on one or both of the following conditions:

• When groundwater level data from compliance monitoring points suggest 
potential loss of pond water hydraulic containment for three consecutive 
monitoring rounds.
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• When a RWP wastewater release to the surface outside the RWP boundary is 
observed due to a breach in, lateral leakage through, or overtopping of the 
embankment.

As indicated in the Compliance Monitoring Plan (Stantec, 2017), groundwater 
protection levels will be established as the mean plus two times the standard deviation 
of baseline data for each groundwater sampling compliance well/piezometer.

2.2 CONTINGENCY RESPONSE ACTIONS

2.2.1 Notifications

US Magnesium will notify the DWQ within 24 hours of detecting/observing a criterion 
that triggers the contingency plan as described above in Secfion 2.1. Specifically, 
notification within 24 hours will be made if a Groundwater Protection Level is exceeded 
at a given compliance point for three consecutive monitoring rounds, if loss of hydraulic 
containment is indicated by groundwater level data at the same location for three 
consecutive monitoring rounds, or if a RWP wastewater release to the surface outside 
the RWP boundary is observed.

A letter from US Magnesium outlining a plan to address a noncompliance condition will 
be submitted to the DWQ within 30 days of US Magnesium’s detection of a 
noncompliance condition (UAC R317-6-6.17). The letter will include the following:

• A time schedule for completion of a Compliance Investigation (see Section 2.2.2 
for a detailed description), during which an assessment of the source or cause of 
the noncompliance condition will be conducted

• An initial assessment of the extent of impacts to groundwater

• Identification and evaluation of potential response actions to address the 
noncompliance condition.

All exceedances of permit protection levels at any compliance point, or indications of 
hydraulic containment loss stemming from groundwater level data, also will be 
reported in the next regular monitoring report.

2.2.2 Compliance Investigation

If any noncompliance condition occurs (Section 2.1), a Compliance Investigation will 
be conducted. A Compliance Investigation report will be submitted to DWQ within 120 
days of US Magnesium’s detection of the noncompliance condition. The Compliance 
Investigation may include additional data collection (i.e., groundwater sampling, 
source water sampling, groundwater-level monitoring, or other investigation methods).

The primary objectives of the Compliance Investigation will be to:

• Assess the cause(s) of the observed noncompliance condition

US Magnesium GWDP Contingency and Corrective Action Plan
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• Identify the groundwater discharge control system component, including 
location and extent of that component, that may not be functioning as 
designed

• Evaluate the areal extent and potential future migration/dispersion of impacted 
groundwater

• Identify the most appropriate next step(s).

The most practicable and feasible response action will be proposed, which may 
include a human health and/or environmental risk assessment.

2.2.3 Contingency Response Action Options

Based on Compliance Investigation results, an appropriate response action(s) will be 
selected, and upon approval by DWQ will be implemented by US Magnesium. 
Potential contingency response actions are listed in Table 2-1 below.

US Magnesium GWDP Contingency and Corrective Action Plan
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Table 2-1
Contingency Response Action Options

Response Action Options

Applicable to the following 
Noncompliance Condition:

CommentExceedance of 
Groundwater 

Protection Level

Loss of 
Hydraulic 

Containment

Monitor natural attenuation of 
impacted groundwater X

To be implemented in the 
affected area

Pump impacted groundwater 
back into waste pond X X

To be implemented in the 
affected area

Reinforce hydraulic barrier wall

X X

To be implemented along 
the barrier wall length 
identified as 
compromised

Evaluate performance of 
wastewater treatment system 
and improve as appropriate

X

Propose alternate groundwater 
protection levels that would 
reduce risk(s) to acceptable 
levels

X

Based on human health 
and/or environment risk 
assessment results (UAC
R317-6-6.15 G)

Propose an alternative best 
available technology (BAT), or 
modification of the BAT 
prescribed in the GWDP

X X
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3.0 CORRECTIVE ACTION PLAN

UDEQ guidance (UDEQ, 2006) indicates actions to address groundwater impacts in the 
vicinity of the proposed Retrofitted Waste Pond (RWP) caused by Facility operations 
that occurred prior to GWDP issuance are to be addressed in this GWDP Corrective 
Action Plan. However, for the US Magnesium GWDP, pre-existing groundwater impacts 
from historic activities conducted at the Facility outside the hydraulic containment 
system of the RWP will be addressed under the federal CERCLA program. Pre-existing 
groundwater impacts and impacts associated with continued discharge of process 
wastewater within the hydraulic containment system of the RWP are addressed in the 
Closure and Post-Closure Plan or under the RCRA program.

As outlined in UAC R317-6-6.15 Part C, the DWQ may at their discretion call for a 
Contamination Investigation and Corrective Action Plan to be submitted; however. Part 
A-3 of this regulation indicates that corrective actions implemented under other federal 
or state programs may be accepted if they meet the substantive requirements of the 
rule.

“The procedural provision of R-317-6.15 shall not apply to any facility 
where a corrective or remedial action for groundwater contamination, 
that the Director determines meets the substantive standards of this rule, 
has been initiated under any other state or federal program. ”
-UAC R-317-6.15 Part A-3

Remedial Investigation and Feasibility Study (RI/FS) activities are currently ongoing at 
the Facility as required in an August 2011 Agreement and Order on Consent (AOC) 
under CERCLA. The R! is currently addressing impacts to groundwater and surface 
water across the proposed RWP area, and the final remedy selected for areas 
regulated under CERCLA will be based on FS conclusions and described in a Record of 
Decision. In addition, US Magnesium and EPA are attempting to settle an ongoing 
RCRA enforcement action. A Consent Decree resolving the RCRA action may contain 
requirements for corrective action related to groundwater impacts within the hydraulic 
containment system of the RWP.

4.0 REFERENCES
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