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§49-175A.9

If requested by the department, information regarding the financial 
capability of the applicant to conduct the work identified in the 
application. (IF APPLICABLE)

If site characterization is completed, a description of how the 
remediation will comply with §49-175B ("Work Plans") and how the 
completion of remediation will be verified. A schedule for completion 
must be included.

If site characterization is completed, the work plan may provide for 
the remediation to be conducted in phases or tasks. A schedule for 
completion must be included.

Schedule for submission of progress reports.

A proposal for community involvement as prescribed by
§49-176 ("Community Involvement Requirements")
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Summary of existing site characterization and assessment 
information; information regarding any remediation previously 
conducted;  copies of referenced reports not previously submitted;

 If the site has not been characterized, a plan to conduct site 
characterization and a schedule for completion.

If known, a list of institutional or engineering controls necessary 
during remediation and after completion of the proposed remediation 
to control exposure to contaminants.

A proposal for monitoring during remediation and after the 
remediation if necessary to verify whether the approved remediation 
levels or controls have been attained and will be maintained.

A list of any permits or legal requirements known to apply to the work 
or already performed by the applicant.
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Johnny Pappas, Director E&P, Arizona Minerals, Inc.
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Section 5

 
 
N/A

 
N/A per 49-175.B3 
(AZPDES permit)

 
Attachment E

N/A

Section 10 and Attachment 
F

 
 Section 7

N/A

 
N/A

TBD in permit issued
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§49-175B

�

§49-175B.1

�

§49-175B.2

�

§49-175B.3

�

§49-175B.4

�

§49-175C

�

The applicant demonstrates that on achieving remediation levels or 
controls for a source or potential source of contamination to a 
navigable water, the source of contamination will not cause or 
contribute to an exceedance of surface water quality standards, or if 
a permit is required pursuant to 33 United States Code §1342 for any 
discharge from the source, that any discharges from the source will 
comply with the permit.

The applicant demonstrates that, on achieving remediation levels or 
controls for a source of contamination to an aquifer, the source will 
not cause or contribute to an exceedance of aquifer water quality 
standards (AWQS) beyond the boundary of the facility where the 
source is located.

The VRP may waive any work plan requirement under this section 
that it determines to be unnecessary to make any of the 
determinations required under §49-177. If any waivers are requested 
in the Work Plan or have been previously requested and approved 
by the VRP, cite them in the Work Plan, including a citation of the 
statute for which the waiver applies.
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Remediation levels or controls for remediation conducted pursuant to 
this article shall be established in accordance with rules adopted 
pursuant to §49-282.06 unless one or more of the following applies: 
see §49-175B.1 through §49-175B.4, below.

The applicant demonstrates that remediation levels, institutional 
controls, or engineering controls for remediation of contaminated soil 
comply with §49-152 and the rules adopted.

The applicant demonstrates that remediation levels, institutional 
controls, or engineering controls for remediation of landfills or other 
facilities that contain materials that are not subject to §49-152 (i.e.: 
asbestos) do not exceed a cumulative excess lifetime cancer risk 

between 1X10-4 to 1X10-6, and a hazard index of no greater than 1.
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N/A

N/A

N/A

AMI will apply for 
AZPDES Permit 
and APP

in accordance 
with APZDES 
permit and APP

 
 
N/A
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*Project Activities are defined in A.R.S. ,,49-175A.2 through 49-175A.4, and 49-176A.2 (Community Involvement).

Schedule for Implementation of 
Project Activities*

(Gantt Style Chart)

To support the prerequisites established by A.R.S. §49-177 and §49-180, the VRP expects certain documentation to 
accompany a Work Plan.  The following provides a list of attachments/exhibits which are recommended for 

submittal with a Work Plan to provide the information required by the statutes.

�������

�&
����
���


!�������������� !
"�� ���
#���
� '(��"���������
����������&
����
���
����)����

����	�
� �
��
��	

����!
���"

Site Location Map
(topographic or aerial)

Site Map
(to scale)

Historical Sampling Data Table

Proposed Language for Public 
Notification of Remediation 

(i.e.: example signage)

Sampling and Analysis Plan
(includes Field Sampling Plan & Quality 

Assurance Plan)

Proposed Remediation System 
Location Map

Proposed Remediation System 
Layout

(Design Drawings)

Proposed Sample Location Map
(to scale)

Historical Sample Location Map
(to scale)

DOES THE WORK PLAN PROPOSE IMPLEMENTING SITE-SPECIFIC REMEDIATION LEVELS?

NOTE:  When reports are submitted which document any type of sampling activity, the submittal of Electronic Data per 
ADEQ's Groundwater Data Submittal Guidance (V3.4)  is strongly recommended.

DOES THE WORK PLAN PROPOSE EVALUATION OF BACKGROUND LEVELS?

Evaluation of Remedial 
Alternatives 

(i.e: for Feasibility Study Work Plan)

Plan for Investigative Derived 
Waste (IDW)
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Location Map (main text of work plan) Figure 1

Site Plan  (main text) Figure 3

Figures 1, 2, 3  (main text) Figures 1,2,3

Figure 12: Water Monitoring Locations (main text) Figure 12

TBD TBD

TBD in permit issued TBD

 Attachment B Figures Cover Page Attachment B

Figure A010 (Attachment B) Attachment B

  Attachment E Attachment E

Attachment F Attachment F

NA

NA

✔
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APP   Aquifer Protection Permit 
AQL   Aquifer Quality Limit 
ARS   Arizona Revised Statutes 
AWQS   Aquifer Water Quality Standard 
AZPDES  Arizona Pollutant Discharge Elimination System 
BADCT  Best Available Demonstrated Control Technology 
bls   below land surface 
CFR   Code of Federal Regulations 
Clear Creek  Clear Creek Associates, PLC 
COC   Constituent of Concern  
CRD   Carbonate Replacement Deposit 
CWA   Clean Water Act 
DIA   Discharge Impact Area 
FEMA   Federal Emergency Management Agency 
ft   feet 
ft/day   feet per day 
gpm/ft   gallons per day per foot 
gpm   gallons per minute  
GWSI   Groundwater Site Inventory 
m   meter 
MIW   mine influenced water 
mg/L   milligrams per liter 
PAG   Potentially Acid Generating 
RPTS   Remediation Passive Treatment System  
TMDL   total maximum daily load 
TSF   tailing storage facility 
USEPA  United States Environmental Protection Agency 
USGS   United Stated Geological Survey 
VRP   Voluntary Remediation Program 



 

 
Voluntary Remediation Program Work Plan 
ASARCO January Adit (Norton Mine) 
Santa Cruz County, Arizona 

v 
 

April 2017 
400003 

 

Wells 55  ADWR Well Registry Database 
WTP   Water Treatment Plant 
µg/l    microgram per liter 



 

 
Voluntary Remediation Program Work Plan 
ASARCO January Adit (Norton Mine) 
Santa Cruz County, Arizona 

1 April 2017 
400003 

 

1. INTRODUCTION 

1.1 Purpose 

Arizona Minerals, Inc. (AMI) is the applicant to the Arizona Department of Environmental 
Quality’s (ADEQ) Voluntary Remediation Program (VRP) for the January Adit (Norton Mine) 
Project at the Trench Camp Mine property in Santa Cruz County, Arizona. This revised work 
plan was prepared by AMI in accordance with A.R.S. §49-175 to eliminate discharges of mine 
impacted water to Alum Gulch from the January Adit and tailings pile seepage.  

Key elements of this Work Plan include materials characterization by Schafer Limited 
Attachment A), design of the proposed lined tailing storage facility and underdrain pond 
(Attachment B) by NewFields, and the water treatment plant design by Water Engineering 
Technologies (Attachment C).  

1.2 VRP Status 

AMI submitted a VRP application for the January Mine, Norton Mine and Trench Camp Mine 
claims (Project) in the historic Harshaw Mineral District on February 19, 2016, shortly after AMI 
acquired the claims. The project was designated as VRP Site No. 505143-02.   
 
A pilot scale Remediation Passive Treatment System (RPTS) was constructed near the January 
Mine Adit, in February 2016 to treat discharges from the January Mine Adit and seepage from 
Tailing Storage Piles #1, #2, and #4. The Pilot RPTS was continuously monitored by AMI 
personnel for a period of 24 weeks, from March to August 2016.  

While the pilot test showed that a full-scale system would work with some modifications, AMI 
decided to revise the scope of the VRP work plan by replacing the passive water treatment plant 
with an active water treatment plant and building a lined tailing/waste rock storage facility and 
underdrain collection pond. The revised plan, presented in this document, is a more rigorous 
approach to achieving the project objectives.  

1.3 Project Approach 

The purpose of remedial actions to be conducted under the VRP is to address mine influenced 
water (MIW) discharges from the January Mine Adit and seepage from historic tailing and 
potentially acid generating (PAG) waste rock storage piles located on the Trench Camp, Norton, 
and January Mine property. This will be achieved through the following elements that are 
described in this revised Work Plan: 
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• Material from historic tailing storage piles #1, #2, #3, and #4 and PAG waste rock will 
be re-handled and placed on a lined tailing storage facility (TSF) for collection of 
solutions through an underdrain collection system. This will prevent future seeps from 
the toe of the historic tailing piles, and allow for collection of underdrain solutions. 

• A double-lined underdrain collection pond will be constructed downgradient of the lined 
TSF according to prescriptive BADCT, to collect solutions from the re-handled historic 
tailings and PAG waste rock. 

• An active water treatment plant (WTP) will be constructed to treat discharges from the 
January Mine workings and solutions captured in the underdrain collection pond from 
the historic tailings, PAG waste rock, and precipitation that falls within the lined facility. 

Remedial design and operations will be conducted under the provisions of an Arizona Pollutant 
Discharge Elimination System (AZPDES) permit and an Aquifer Protection Permit (APP).   

1.4 Constituents of Concern 

As discussed in more detail in Section 1.6, ADEQ evaluated conditions along Alum Gulch and 
promulgated the Total Maximum Daily Loading (TMDL) Implementation Plan for Alum Gulch, 
in March of 2007. The plan recognizes cadmium, copper, zinc and acidity as the primary agents 
with undesirable levels of concentration present in the Alum Gulch drainage. These are 
considered the Constituents of Concern (COCs).  

1.5 Location 

The Trench Camp, Norton, and January Mine claims (Property) are located approximately 5 miles 
south of the Town of Patagonia, Arizona within the Southeast Quarter of Section 32, Township 22 
South and Range 16 East, Gila and Salt River Meridian, in Santa Cruz County, Arizona (Figure 
1). AMI acquired the January, Trench Camp, and Norton claims in early 2016 from ASARCO, 
LLC. Both the January and the Norton mine claims are recognized under a single property 
designation by the Santa Cruz County Recorder, having been assigned parcel number 105-50-
001B (Figure 2, Santa Cruz County Assessor Map Book 105, Page 50). The Trench Camp and 
Josephine Mine claim parcel has been assigned parcel numbers 105-50-001A and 105-49-003. 
The U.S. Forest Service manages the surrounding adjacent lands, as part of the Coronado National 
Forest. 

1.6 January Mine, Norton Mine, and Trench Camp Mine History 

Mining in the Harshaw District dates from mid-18th century Spanish Colonial times, but is 
poorly documented before the 1870’s. Initially, oxide lead-silver vein ore was mined from small 
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operations on the Trench property. This work continued intermittently until the late 19th century. 
Historical information from the late 1800s and early 1900s has been well documented (Schrader, 
1915; Keith, 1975). The district’s historic production is poorly reported but is believed to be 
around 250,000 tons, yielding approximately two million ounces of silver with by-product lead, 
zinc, copper and manganese. Production from the Harshaw district was dominated by the 
Trench-area mines, small mines on the Alta claim, the Hardshell Incline and the Hermosa mine.  

Ownership of the Property prior to its acquisition by American Smelting and Refining Company, 
precursor to ASARCO, LLC (ASARCO) is not known. ASARCO began operating the Trench 
Camp Mine in 1939. The Trench area mines and sulfide flotation custom mill produced primarily 
silver ores with minor by-product lead from small underground operations. Approximately half 
of the production was direct-shipping oxide ore and the balance was milling ore. The Trench mill 
produced both lead and zinc concentrates with copper, silver and minor gold by-product 
production. The 150-ton per day Trench lead-zinc flotation mill also treated district ores between 
1939 and 1964 on a custom basis. ASARCO continued ownership of the Property until it was 
acquired by AMI in 2016. 

According to public records, the January mine was worked intermittently since the early 1870s. 
It was patented in 1894, and it was last operated by ASARCO in the period 1925 to 1949. 
Originally, the January and Norton Mines were operated jointly, extracting zinc, lead, silver, 
gold and manganese ore. In its later years ASARCO extracted mostly copper, lead and zinc ore.  

Mineral extraction and concentration activities generated mining waste material in large 
quantities, which was deposited at four tailings storage locations within the larger Trench Camp 
Mine claim, and in several smaller piles within the two other smaller mining claim sites (Figure 
3). As can be seen in the figure, three of the spent mineral ore tailings piles, identified as TP#1, 
TP#2 and TP#4 are located within areas that drain into the lowlands of Alum Gulch and 
eventually join other discharge along the main wash in Alum Gulch. TP#3 is within the Harshaw 
Creek Watershed. 

1.7 Mine Influenced Water Sources 

The Property falls within the Alum Gulch and Harshaw Creek watersheds. The January and 
Norton claims and most of the Trench claim are within the Alum Gulch watershed; the eastern 
portion of the Trench claim is within the Harshaw Creek watershed (Figure 4).  

Alum Gulch is a tributary of Sonoita Creek, joining it approximately 5.5 miles downstream from 
the January Mine and 2.25 miles southwest (and downstream from) from the Town of Patagonia. 
In addition to mining activities at the Property, several other historical mining ventures have 
extracted mineral ore from the upstream canyons that eventually drain into Alum Gulch. Historic 
mining activity in the watershed raised concerns about the presence of trace minerals in the 
natural drainage that eventually would reach the Sonoita Creek. To address the State of 
Arizona’s Clean Water Act responsibilities, ADEQ evaluated conditions along Alum Gulch and 
promulgated the Total Maximum Daily Loading (TMDL) Implementation Plan for Alum Gulch, 
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in March of 2007. The plan recognizes cadmium, copper, zinc and acidity as the primary agents 
with undesirable levels of concentration present in the Alum Gulch drainage.   

Two sources of mine influenced water (MIW) have been identified at the Trench/January/Norton 
sites: 

• Discharges from the January Mine Adit into Alum Gulch: Testing of these discharges by 
ADEQ indicated the presence of cadmium, copper, zinc and acidity at levels exceeding 
the provisions of the TMDL Implementation Plan for Alum Gulch. ADEQ issued a 
discharge violation notice to ASARCO, who at that time owned the mining claim parcels. 

• Seepage from Tailing Pile #1: In 2014, seepage from the base of the covered tailings into 
the unnamed wash in the Trench Mine property was observed. ADEQ issued a Notice of 
Violation to the ASARCO Multi-State Environmental Custodial Trust, the owner at the 
time. The Trust committed to the development and implementation of a SWPPP and 
initiated the application for an AZPDES Multi-Sector General Permit from ADEQ. 

 
Both of these discharges are within the Alum Gulch watershed. 

In response to these discharges, ASARCO implemented a plan to capture MIW discharges by 
capturing it and delivering it to a wetlands treatment system. This treatment system did not meet 
the treatment goals, resulting in exceedances of the surface water quality standards specified by 
ADEQ in an AZPDES permit that was issued for the wetlands. This permit was allowed to lapse 
by ASARCO. Because the initial wetlands treatment system implemented by ASARCO was not 
effective, after AMI acquired the property in 2016, they proposed to implement an alternative 
treatment under the provisions of VRP. 

1.8 Responsible Party 

ASARCO transferred the Trench Camp Mine claim to the ASARCO Multi-State Environmental 
Custodial Trust (Trust) in 2009. In early 2016, AMI purchased the January and Norton Mine 
Claims and the Trench Camp Mine Claims from the ASARCO Trust. The following provisions 
were included in the purchase agreement: 

• AMI would enter ADEQ’s VRP program and develop an acceptable work plan to 
remediate the MIW discharge from the January Adit and tailing pile seepage from the 
Trench Camp Mine. 

• AMI must post a bond with the State of Arizona to cover long-term operations and 
maintenance expenses associated with the work plan. 
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2. GEOLOGY 

2.1 Regional Geology 

The Project Area is located in the Patagonia Mountains of southern Arizona within the Basin and 
Range physiographic province.  The province is typified by north-northwest trending normal 
faults. The fault-bounded mountains, typically with large intrusive cores, are separated by deep 
basins filled with Tertiary and Quaternary sediments (“basin fill”). The core of the Patagonia 
Mountain range is a Laramide-age granodiorite pluton that has been dated at 60-65 million years 
(Graybeal, 2007). 

2.2 Geologic Formations 

The geology of the area was recently mapped by Graybeal et al (2015) (Figure 5). Much of 
Graybeal’s work includes mapping of Simons (1974). 

Surface rocks in the Trench Camp area consist primarily of: 

• Cretaceous andesite (designated as Ka by Graybeal, 2015) - Gray, greenish-gray, or 
grayish-red, porphyritic to fine-grained, thin to very thick flows of trachyandesite or 
diorite; contains some rhyodacite or dacite. Maximum thickness of about 3000 feet.  

• Tertiary Volcaniclastic Rocks of middle Alum Gulch (Tv) - Grayish to white, well 
consolidated and poorly sorted lapilli tuff and tuff breccia, probable crater-fill material of 
the Sunnyside porphyry Cu-Mo system. Contains clasts of Mesozoic volcanic and 
sedimentary rocks and clear quartz xenocrysts in fine-grained, illite-alunite-kaolinite-
altered matrix. Numerous silicified zones. Bedded sequences have concentric strike and 
inward dips. 

• Jurassic/Triassic volcanics (JTrv) - Light-colored rhyolitic, alkali rhyolitic, and quartz 
latitic lava, tuff, and welded tuff; locally much altered to sericite, epidote, carbonate, and 
chlorite, or strongly hornfelsed. Thickness uncertain but probably more than 6,000 feet. 

North- to northwest-dipping Paleozoic sedimentary rocks underlie the JTrv. The Paleozoic-
Mesozoic contact is unconformable. The Paleozoic units, from youngest to oldest, include:  

• Naco group 
o Permian Concha Limestone (Pcn) - Gray to light-gray, fine-grained, medium to 

thick-bedded limestone with lenses and nodules of chert. About 155 m (510 ft) 
thick. 

o Permian Scherrer Formation (Ps) - Brownish-gray to gray, massive, sandy 
limestone and white to light-brownish-gray, fine-grained sandstone. About 46 m 
(150 ft) thick. 
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o Permian Epitaph Dolomite (Pe) - Gray fine-grained, thick-bedded limestone, silty 
limestone, gray dolomitic limestone, lesser sandstone and conglomerate, and 
sparse pods of chert and quartz. About 262 m (860 ft) thick. 

o Permian Colina Limestone (Pc) - Gray to dark-gray, fine-grained, and medium- to 
thin-bedded limestone and thin beds of dolomite. About 72–104 m (235–340 ft) 
thick. 

o Permian/Pennsylvanian Earp Formation (P*e) - Gray, light-gray, or pink thin-
bedded to massive, sandy to silty limestone and dolomitic limestone, and lesser 
dolomite, chert and limestone conglomerate, and sandstone. About 229 m (750 ft) 
thick. 

o Pennsylvanian Horquilla Limestone (*h) - Light-gray, gray, or pinkish-gray, fine- 
to coarse-grained, medium-bedded limestone and lesser dolomitic limestone and 
brown to maroon thin-bedded limestone. About 82 m (270 ft) thick. 
Unconformably overlies Escabrosa Limestone (unit Me). 

• Mississippian Escabrosa Formation is below the Horquilla Limestone. The contact is 
disconformable.   

• The Devonian Martin Limestone unconformably underlies the Escabrosa Formation. 
• Cambrian Abrigo Limestone unconformably underlies the Martin Limestone.  
• Cambrian Bolsa Quartzite underlies the Abrigo Limestone. This contact is generally 

conformable.  
• Precambrian Quartz Monzonite is the basement rock in the area. The contact with the 

Bolsa Quartzite is a nonconformity. 

2.3 Surficial Geology 

Surface rock in the Project Area consist of the Cretaceous andesite (Ka) and the Tertiary 
Volcaniclastic Rocks of middle Alum Gulch (Tv), and the Jurassic/Triassic volcanics (JTrv) 
(Figure 5). The Cretaceous andesite is the surface unit throughout most of the Trench Camp 
claim and most of the Alta Claim. Underneath the Cretaceous andesite lies the Jurassic/Triassic 
volcanics (JTrv) which are present at the surface at the eastern part of the Alta claim. The 
Jurassic-Cretaceous contact is unconformable. The western side of the Trench Camp Claims is 
predominantly the Tertiary volcaniclastic rocks of middle Alum Gulch.  

2.4 Site Specific Geology 

2.4.1 Geologic Cross Sections 

A geologic cross section through the Trench and Taylor deposits was included in Graybeal et al 
(2015). It is provided as Figure 6.  This cross section depicts the Mesozoic volcanics underlain 
by the Paleozoic sedimentary units wherein lies the Taylor Deposit. 
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A major structural feature in the Project Area is the Harshaw Creek Fault, a north-northwest 
trending left-lateral strike slip fault that has more than 4 miles of displacement at its southern 
end. It is late Cretaceous in age (Laramide). According to Graybeal et al (2015), this fault 
appears to run west of the project site where it is covered by Tertiary volcanics.  

2.4.2 Mineralization  

The core of the Patagonia Mountain range is a Laramide-age granodiorite pluton that has been 
dated at 60-65 million years (Graybeal, 2007). Mineralization is associated with the pluton, 
which outcrops to the west of the Property. Following emplacement of the pluton, a quartz 
feldspar porphyry stock was intruded at about 60 million years (Paleocene). This porphyry 
generated a strong hydrothermal system that developed a zone of disseminated pyrite and 
resulted in additional mineralization. It is the quartz feldspar porphyry which is considered to be 
the source of the mineralization. 

2.5 Seismicity 

According to the Arizona Geological Survey (Fellows, 2000), the Property is located in an area 
of moderate to low seismic hazard. National Seismic Hazard Maps are available from the United 
States Geological Survey (USGS). These maps display earthquake ground motions for various 
probability levels across the United States. The motion is expressed as peak acceleration as a 
percent of gravity. In the vicinity of the Project, the Peak Horizontal Acceleration with a 10 
percent probability of exceedance in 50 Years is between 3 and 4 percent of gravity. Statewide, 
the values range between 2 and 10 percent of gravity (Peterson et al., 2015).  

NewFields conducted a seismic hazard assessment (SHA) to define the maximum probable 
earthquake event for the design of the lined TSF, as discussed in Attachment B. The SHA was 
completed to determine ground motions experienced at the project site associated with the 
maximum credible earthquake (MCE) and maximum probable earthquake (MPE), based on 
regional seismicity and the probable 100, 475 and 2,475-year return events.  A deterministic 
seismic hazard assessment was performed using available historic earthquake data from several 
national and international earthquake catalogs and regional active faults from the United States 
Geological Survey (USGS) and the Arizona Geological Survey (AZGS) within a 124-mile (200 
km) radius of the project.  Attenuation calculations were applied to these events and fault sources 
to determine the peak ground acceleration (PGA) at the project site.  A probabilistic assessment 
was also completed using the USGS interactive deaggregation tool, based on the published 2008 
national seismic hazard map. 

Based on the study, the MCE for the deterministic and probabilistic assessments are 0.11 gravity 
(g) and 0.10 g, respectively.  The complete SHA report is appended to Attachment B. 
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2.6 Geologic Hazards 

In addition to earthquakes (discussed in Section 2.5), geologic hazards in Arizona include earth 
fissures, landslides and debris flows, and floods. The risk from any of these hazards at the 
Project Area is low.  

Earth fissures and land subsidence occur in alluvial basins where there have been extensive 
groundwater withdrawals. The Project is not located in an alluvial basin, and therefore the area is 
not susceptible to subsidence and earth fissure formation.  

Debris flows are recognized as a hazard in mountainous areas (Pearthree and Youberg, 2006). 
Although these events are infrequent, generally occurring as the result of very high precipitation 
events, they can alter the landscape significantly. Loss of vegetation from wildfires can increase 
the chances for debris flows. Operations at the project site will be sited and designed to reduce 
risks from debris flows.  

According to the Flood Insurance Rate Map (Federal Emergency Management Agency [FEMA, 
2011]), the Project is located in a Zone D (Figure 7). The Zone D designation is used for areas 
where there are possible but undetermined flood hazards, as no analysis of flood hazards has 
been conducted. These areas are often undeveloped and sparsely populated.  
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3. HYDROLOGY 

3.1 Climate 

The climate in the Project area varies from high desert in the Sonoita Valley to the steppe-like 
climate of the higher elevation grasslands and scrub area (ADEQ, 2003). In this semi-arid 
climate, average rainfall is 17 inches per year, with the majority of precipitation occurring 
between June and October through “monsoonal” convective thunderstorms. Daytime 
temperatures in the summer may reach 90°F with warm to moderately cool nights. Temperatures 
are usually mild with periodic overnight frosts and occasional snowfall at higher elevations 
during the winter months that usually melts within a few days (WRCC, 2017).  

Additional climate data can be found in Section 2.2 of Attachment B. 

3.2 Surface Water Hydrology 

The Project Area is located within the Middle Sonoita Creek (USGS Hydrologic Unit Code 
[HUC] #150503010206) and Harshaw Creek (HUC# 15050301-025A) watersheds. The upper 
Alum Gulch subwatershed1 (HUC# 15050301-561A) of the Middle Sonoita Creek watershed 
drains the western portion of the Project Area. Portions of Alum Gulch are designated as 
ephemeral reaches: from its headwaters to the January Adit, and from 800 meters downstream of 
the World’s Fair Mine to its confluence with Sonoita Creek. From the January Adit to 800 
meters downstream of World’s Fair Mine, Alum Gulch is designated as an intermittent reach. 
Harshaw Creek drains the eastern portion of the Project Area. Harshaw Creek and all of its 
tributaries are designated as ephemeral reaches (ADEQ, 2003). Both drainages are tributaries of 
Sonoita Creek, which is located to the northwest between the Santa Rita and Patagonia 
Mountains (Figure 4).  Sonoita Creek flows to the west as a tributary of the Santa Cruz River.  

Both Alum Gulch and Harshaw Creek in the Project Area are considered “Not Attaining” under 
the Clean Water Act §303(d). Segments of Alum Gulch are Not Attaining for cadmium, copper, 
zinc, and acidity while segments of Harshaw Creek are Not Attaining for copper and acidity. 
Another drainage basin to the west of Alum Gulch, the Three R Basin, is also Not-Attaining due 
to exceedances of cadmium, copper, zinc, and acidity. In the TMDL Implementation Plan for 
Alum Gulch (ADEQ, 2007), ADEQ notes that “all three waters are in areas of high 
mineralization and share similar historic mining practices”. The sources of impairment for Alum 

                                                 
1 Alum Gulch subwatershed is divided into the upper watershed, HUC# 15050301-561 A, and the lower watershed, 
HUC# 15050301-561A.   
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Gulch “include adit drainage, waste rock and tailings piles, and sediments” and “the major 
portion of the loading originates from the World’s Fair Mine and Humboldt Canyon areas with 
relatively minor contributions from Trench Camp Mine and January Adit”. The TMDL 
document for Harshaw Creek (ADEQ, 2003) identifies the Trench mine’s dump number 3 as a 
“minor source” of loading into Harshaw Creek. ADEQ considered mining residues from the 
Morning Glory Mine and the Endless Chain Mine, located upstream of the Trench Camp, to be 
significant sources of loading to Harshaw Creek. 

3.3 Site Stormwater Analysis 

The TSF, underdrain collection pond, and stormwater controls were designed for a 100-year/24 
hour storm event, as described in Attachment B, Section 9.  Newfields used the hydrological 
modeling system HEC-HMS (version 3.5), a precipitation-runoff simulation computer program 
developed by the Army Corps of Engineers, to calculate the magnitude and timing of the peak 
flows as well as volumes resulting from specified storm events.  The watershed areas were 
divided into sub-basins such that flows and volumes could be calculated at various points within 
the watershed where design elements were located.  Peak flows and volumes were developed for 
the 100-yr/24-hr storm event and are used to complete the design calculations.  
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4. HYDROGEOLOGY 

Groundwater flows in bedrock fractures at the site. There is little to no alluvium present. Porosity 
of fractured bedrock aquifers is generally low, on the order of 1-2 percent. However 
mineralization can result in higher porosities.   

4.1 Water Wells Within One-Half Mile of Property Boundary 

The Wells 55 database was downloaded from the Arizona Department of Water Resources on 
January 29, 2017. Based on the download, there is reportedly one non-AMI water supply well 
registered within one half mile of the property (Figure 8).  This well, 55-642746, is registered to 
Coronado National Forest. ADWR records indicate a total depth of “0” feet. The single-page 
imaged record on file with ADWR states the principle use of this well as stockwater/wildlife.  

The location plotted on Figure 8 is a cadastral location from the ADWR database. The registered 
location corresponds to a square measuring ¼ mile by ¼ mile centered on the mapped location. 
ADWR well registry records are not always accurate, and are limited by the quality of data that 
was submitted when a well was registered. AMI intends to conduct a field reconnaissance to 
evaluate whether this well actually exists near its registered location, and if so, will record the 
well’s actual location with a GPS and evaluate whether the well appears to be in use. 

4.2 Depth to Groundwater and Groundwater Flow 

There is no alluvial aquifer in the Project Area. As noted in Section 2.1, the bedrock outcrops at 
the surface. Groundwater in the area is limited to faults, fractures, and voids within the bedrock 
complex.   

4.2.1 Depth to Groundwater 

A groundwater elevation map, based primarily on a water level sweep conducted in September 
2017, is presented on Figure 9. Depths to water ranged from 17.1 feet bls at MW-3 near the 
January Adit at the northwest portion of the Project Area, to 338 feet bls at HDS-345. In general, 
depths to water decrease to the north as the land surface elevation decreases. 

4.2.2 Water Level Trends  

Monthly monitoring of selected boreholes began in July 2013. Since 2013, groundwater 
elevation has been stable with very little variation (2 to 5 feet) at most locations. The greatest 
variation (over 10 feet) in groundwater elevation is seen at HDS-321 and HDS-249 to the east of 
the Property near an unnamed tributary of Harshaw Creek. At these two boreholes the 
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groundwater elevation has increased approximately 2 feet per year over the three years of 
monitoring (Figure 10). The higher variability of water levels in these wells may be due to their 
proximity to surface drainages.  AMI continues to collect water level data at several locations at 
the Project site to characterize hydrogeologic conditions and trends. 

4.2.3 Groundwater Flow Direction and Hydraulic Gradient 

As shown on Figure 9, groundwater flow is generally towards the north, with localized northeast 
and northwest flows, depending on the location. Based on the September 2016 groundwater 
levels shown on Figure 9, the horizontal hydraulic gradient ranged from 0.025 at the southern 
part of the site to approximately 0.013 at the northeastern part of the site.  

4.2.4 Recharge 

Groundwater is recharged from precipitation at higher elevation. Based on water level trends 
observed in wells located in washes (as noted in Section 4.5.2), recharge also appears to occur in 
the washes and drainages which carry surface flows from rain events north and northwest out of 
the basins.  
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5. SITE CHARACTERIZATION 

5.1 Previously Conducted Characterization  

Previous characterization studies were documented in the October 19, 2016 Work Plan (CPE and 
Sovereign Consulting Inc., 2016) that was submitted to ADEQ and Public Noticed on October 21 
and 28, 2016.  The work plan characterized the quantity and quality of adit and tailings pile 
discharges. Samples of the adit and TP seepages were collected by AMI personnel in 2015. After 
AMI took ownership of the Trench Camp Mine property in January of 2016, AMI personnel 
conducted field measurements and sampling of both the adit and onsite seepages, in conjunction 
with installation of a Pilot RPTS. CPE and Sovereign Consulting Inc. used the data to 
characterize flows and levels of metals (including the constituents of concern) present in the 
subject seepages. Portions of the CPE and Sovereign Consulting Inc. characterizations that are 
pertinent to the revised Work Plan are summarized below.  

5.1.1 January Adit and Seepage Flows and January Mine Workings Recharge Flows 

CPE and Sovereign Consulting Inc. (2016) evaluated January adit seepage flow for the Work 
Plan as follows:   

 
In order to determine the level of treatment needed for remediation of the January Mine 
Adit discharges, the parameters that must be identified are the volume of water contained 
in the adit as well as the rate of flow of the discharges observed at the adit. The initial 
measurements were performed in the adit drain pipe that discharges into the existing 
constructed wetlands immediately downstream from the adit, during the period September 
through November of 2015. The resulting measurements placed the flow in the range 
between 7-10 gallon-per-minute (GPM). Subsequent flow measurements using a flowmeter 
installed as part of the Pilot RPTS confirmed the prior flows and the sensitivity of flow to 
seasonal conditions.  
 
In conjunction with the pilot plant installation, one of two monitoring wells that had 
earlier been installed, by ASARCO, above the adit and into the January Mine workings 
was equipped with a submersible pump. This well is identified as Well #1 (see Figure 5, 
Well Equipment Diagram). The second well, identified as Well #2, was outfitted with 
equipment to measure water level in the adit, as shown in Figure 5. 
 
In May of 2016, a well recovery test was performed at the adit with a 70 GPM pump. The 
results from this test provided an initial estimate of 7 GPM as the recovery rate of the 
January Mine workings, measured at the existing January Mine wells (see Figure 6, 
January Mine Workings Pumping Test Results). This was taken to be representative of dry 
weather conditions, and correspond to the smaller flows in the 2016 adit discharge 
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measurements. Similar adit discharge flows were reported by the previous 
owner/operator. 
 
In order not to release adit seepage into the existing constructed wetlands during the Pilot 
RPTS evaluation, AMI requested authorization to use the January Mine water for its 
mineral exploration activities. ADEQ granted its authorization in July of 2016.  
 
Detailed January Mine water pumping measurements were observed and recorded during 
August through October of 2016, during which time a 32 GPM pump was kept in nearly 
continuous operation, to evaluate the adit well production and recovery during dry and 
rainfall periods. The results from this test provided an estimate of 14 GPM for the well 
recovery rate of the adit during Monsoon Season without major storm events. A 39 GPM 
recovery rate was noted during Monsoon Season, due to a major storm event where 2.8-
inches of rain fell within two-hours.   
 
As explained earlier, a pilot remedial process treatment system evaluation was conducted 
for discharges originating at the January Adit, which also provided an opportunity to 
further investigate the January Mine well recovery rate and, from extrapolation of this 
data, the available storage in the January Mine workings. These parameters will be used 
for sizing of the final remedial passive treatment system. The pilot test system was installed 
at a location close to the January Mine Adit (see Figure 7, Remedial Treatment System 
Pilot Test Site Layout). Effluent generated by the pilot test treatment system was 
discharged to the existing constructed wetlands. 
 
Well production, pumping rate and static water level were closely monitored during the 
pilot treatment period. The data gathered and the data analysis computations are provided 
in Appendix B to this report; the findings are summarized in an annotated graph, for ease 
of reference (see Figure 8, January Mine Workings Pumping Analysis Summary). 
 
Accordingly, the following observations can be made: 
 
The measured overflow discharge rate for the January Mine workings was 7 GPM, and 
this was taken to be representative of the adit recharge rate under dry weather conditions. 
 
• The computed recovery rate for the January Mine workings was 14 GPM, and 

this was taken to be representative of mine workings recharge under continuous 
pumping conditions, during the monsoon season and without significant rainfall 
events. 

 
• When a significant rainfall event was observed on site, the computed recharge 

rate for the January Mine workings was 39 GPM. 
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• The well static water level dropped to a depth of 7.52 feet during the active 
pumping period when the pilot test was conducted. The available January Mine 
working storage at this depth is estimated at 393,120 gallons. 

 
• Using a recovery rate of 7 GPM, this storage volume is equivalent to 39 days of 

available storage before January Mine workings overflow and begin 
discharging from the adit. 

 
• Using a January Mine working recovery rate of 14 GPM, this storage volume is 

equivalent to 19.5 days of storage before the mine workings would overflow and 
a discharge would occur from the adit. 

 
It is proposed that the pumping rate at its well be maintained at 20 GPM, in order to 
extract more water from the January Mine workings than its average recovery rate, thus 
creating storage for use in times of extreme rainfall or in case of temporary outages or 
stoppages for periodic maintenance. A mass balance worksheet is provided in Appendix B, 
in support of this recommendation. 

 

CPE recently updated Figure 8 of their January Mine Workings Recharge Rate Analysis report 
for this work plan (Figure 11). Pumping at 28 gpm has continued to lower the water level in the 
January Mine, which will allow for additional storage volume when recharge rates increase 
during the monsoon season.   

 
Tailings pile seepages volumes were also evaluated by CPE and Sovereign Consulting Inc. to 
determine the level of treatment needed for remediation. They examined pumping records for the 
dewatering pump installed at the TP#1 pond and concluded that seepages are generated at a rate 
of 3 gpm during the monsoon season.  CPE and Sovereign Consulting Inc. estimated that the 
remediation passive treatment system should be designed based on a treatment flow rate of 23 
gpm average flow, based on their estimates of January Mine Adit flows and TP seepage.   

5.1.2  Pilot scale Remedial Passive Treatment System 

CPE and Sovereign Consulting Inc. used water quality data from an initial water quality sample 
collected in 2015 from the January Adit and the TSF#1 seepage to arrive at a mixed water 
chemistry for the passive treatment system influent. A pilot scale RPTS (Pilot RPTS) was 
constructed near the January Mine Adit, in February, 2016. The Pilot RPTS was continuously 
monitored by AMI personnel for a period of 24 weeks, from March to August 2016. The Work 
plan documented influent and effluent changes in pH, temperature, flow rate, oxidation-reduction 
potential (ORP), conductivity, dissolved oxygen, and ferrous iron. CPE and Sovereign 
Consulting Inc. concluded that the results obtained during the Pilot RPTS period indicated a 
successful removal of metals from the water sources treated.  Based on what was learned from 
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operating the Pilot RPTS, CPE and Sovereign Consulting Inc. recommended some design 
modifications to be included in a full-scale treatment. 
 
The complete Pilot RPTS findings and conclusions are provided in Appendix C (Pilot Scale Test 
Report, Passive Treatment System January Mine) of the October 19, 2016 Work Plan. 
 

5.1.3 Abandoned Passive Treatment Wetlands 

Sovereign Consulting Inc. conducted soil characterization in the passive treatment wetlands that 
were constructed by ASARCO to act as a treatment system. Soil characterization was conducted 
to evaluate whether contaminants of concern may have precipitated in the soil or taken up in the 
vegetation.  Elevated concentrations of metals (arsenic, lead) were identified that were consistent 
with the geology of the local bedrock. Sovereign concluded that the wetland soils could be 
managed or co-mingled with the historic tailings, or from the future ore processing mill, and 
placed in tailing facilities. The concentrations of RCRA metals in vegetation were below non-
residential soil remediation levels. Refer to Appendix F of the CPE October 19, 2016 work plan. 

5.2 Recent Site Characterization 

AMI has conducted further site characterization since the previous Work Plan. The following 
characterization tasks are described below and in the relevant appendices, as noted. 

• Geotechnical Investigation 

• Historic Tailing and waste rock characterization 

• January Mine Workings Recharge and Water Quality 

• Tailings Piles Seepage Flows and Water Quality 

• Surface Water Quality 

• Water Balance 

5.2.1 Geotechnical Investigation 

Newfields conducted a geotechnical investigation in January 2017 to characterize the proposed 
site and define relevant engineering material properties for the design of the new lined 
tailing/waste rock storage facility and underdrain pond. The investigation consisted of borings, 
test pits, and geophysical surveys, and was focused on the existing tailings piles 1 through 4. The 
objectives of the investigation were to:  

• define the tailings and PAG waste rock volumes within each facility 
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• identify potentially impacted material below the piles 

• determine tailings and PAG waste rock material properties.   

Additional boreholes, test pits and seismic refraction lines were placed outside the limits of the 
existing tailings piles, in order to define engineering characteristics of the near surface soil, 
bedrock depth and potential construction borrow sources.  Samples were collected during the 
field investigation for laboratory testing for engineering characterization, standard soil and rock 
strength, liner interface shear strength, permeability, consolidation and a battery of geochemical 
testing.  Refer to Drawing A030 in Attachment B for the geotechnical investigation plan view.  
No groundwater was encountered during the geotechnical investigation. 

Boreholes were placed along the geophysics lines in order to correlate known depths of the 
logged materials to seismic velocities.  Using the depth to tailings and waste rock identified in 
the boreholes in combination with the velocities generated during the geophysical survey, a 
velocity band was identified that correlated with the bottom of the tailings and waste rock 
material within the historic tailings deposits.  Refer to Attachment B (Drawings A050 through 
A053) for a plan view of the geophysics survey lines, boreholes and test pits as well as profiles 
showing the estimated depth of tailings and PAG waste rock.   

Newfields used the tailings depth data to estimate the volume of tailings or PAG waste rock 
within each pile.  The estimated tailings and PAG waste rock volumes to be relocated onto the 
lined TSF are presented in the table below: 

VRP TAILINGS PILES RELOCATED VOLUMES  

Stage 
Material Volumes (tons)

Material Source 
Tailings  Waste Rock  Native 

Material 
Total 

Material 
Tailings Pile 1 on 

Tailings Pile 2 and 4 
(Temporary 
Condition) 

112,800  223,600  15,500  ~352,000  Tailings Pile 1 

Stage 1 TSF 

112,800  223,600  15,500 

~1,036,000 

Tailings Pile 1 

649,900  0  33,700  Tailings Piles 2 and 4 

Stage 2 TSF  213,800  0  12,300  ~227,000  Tailings Pile 3 

 

Supporting documentation and volume calculations are provided in Newfields’ report in 
Attachment B. 
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During Newfields drilling program in January 2017, native materials from beneath the historic 
tailings were collected for geochemical testing.   As documented in Attachment A, foundation 
(native) soil and rock samples were lower in sulfur than either tailings or waste rock but 4 of the 
19 samples still had pyritic sulfur greater than 0.3%, which would likely generate acidic 
conditions after sufficient exposure to oxygen.  These higher sulfide samples were encountered 
in boreholes 1 and 2 beneath tailing pile 2/4.  It is possible that some of the foundation soil and 
rock material in this area consists of historic sulfide waste or may contain naturally occurring 
sulfides.  However, any sulfides beneath the tailings in pile 2/4 will be covered by the liner for 
the new repository, which will prevent contact with infiltrating water.   

5.2.2 Historic Tailing and Waste Rock Characterization  

A range of geochemical tests were on representative samples of historic tailings, waste rock, 
foundation soils (underlying the unlined tailings), and development rock from an exploration 
decline and shaft to characterize the material that will be placed in the lined TSF.  The 
methodology and results are provided in Attachment A.  

5.2.3 January Mine Adit and January Mine Workings Water Quality 

Water quality samples have been collected from the January Adit and January Mine workings 
(sampling locations denoted on Figure 12 as “JAN AD” and JA-1, respectively) since April 
2016. The results of these samples are compared to SWQSs (Table 1), including the dissolved-
metal standards, which are the focus of the TMDL Implementation Plan for Alum Gulch. The 
results of the comparison are provided on Table 1. For some dissolved metals (cadmium copper, 
lead, nickel, silver, and zinc), SWQSs are based on the hardness of the receiving water body (in 
this case, Alum Gulch) or the hardness of the water from the discharge when there is not a 
receiving flow of water (i.e., ephemeral).  

Samples were analyzed for dissolved metals. Iron and zinc were identified to be above the 
SWQSs (Aquatic and Wildlife warm, chronic). Samples were also analyzed for total metals. 
Arsenic, cadmium, and lead were identified to be above the applicable SWQSs, as noted on 
Table 1. Discharges from the January Adit to the constructed wetlands ceased in August 2016 
and the January mine workings water is pumped and used for exploration drilling. 

5.2.4 Tailings Pile Seepage Water Quality 

In addition to tailing seepage samples collected in 2015, seepage was   collected on January 9, 
2017 and the water quality data were used in the design of the active WTP. The seepage 
chemistry is provided on Table 3-1 in attachment C.  
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5.2.5 Surface Water Quality 

AMI and its consultants have conducted surface water quality monitoring in the Alum Gulch and 
Harshaw Creek watersheds. The monitoring locations are shown on Figure 12. Results of surface 
water analyses are provided on Tables 2A (Alum Gulch) and 2B (Harshaw Creek).   

The SWQS for pH is 6.5 to 9.0. The pH values measured in all of the Alum Gulch samples listed 
on Table 2A were below 6.5. In contrast, the pH values measured in samples from Harshaw 
Creek met the standard.  

Several dissolved metals were identified to be elevated in the Alum Gulch watershed. Dissolved 
zinc, lead, iron, cadmium, nickel concentrations are above their respective SWQSs at for aquatic 
and wildlife (warm water, chronic). Total cadmium, copper, iron, lead, and zinc concentrations 
were also identified to be above their SWQSs. 

5.2.6 Groundwater Quality 

MW-3 is located downstream of the proposed WTP (Figure 12).   AMI has collected two rounds 
of groundwater samples from this well. The results are summarized on Table 3. Dissolved 
cadmium was detected at a concentration of 0.0051 mg/L, above the AWQS of 0.005 mg/L, in 
February 2017. In March 2017, dissolved cadmium was below the AWQS. The other analytes 
met AWQSs. 
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6. REMEDIAL DESIGN 

6.1 Remediation Goals 

The remediation goal is to reduce the constituents of concern from the January Mine Adit and the 
tailing seep to meet the applicable discharge water quality parameters that will be specified in an 
AZPDES permit (to be issued). This goal will be achieved by placing the historic ASARCO 
tailings on a lined tailing storage facility and constructing an active water treatment plant to treat 
January Mine workings water, tailings seepage, and meteoric water that comes in contact with 
the tailings. Key assumptions are provided in Sections 6.2 and 6.3 below and in Attachments B 
and C. 

6.2 Tailing Storage Facility and Underdrain Collection Pond 

Placement of the historic tailings onto a lined permanent containment is an essential element of 
the remediation plan to be conducted under VRP.  The Trench Camp TSF will be designed as a 
lined permanent storage area for remediation of the existing tailings piles that are shown on 
Figure 3. Tailings, PAG waste rock and impacted soils beneath the historic tailings facilities are 
to be excavated and placed in the lined Trench Camp TSF as an earthen material.  PAG 
development rock from a planned exploration decline and shaft will also be stored in the lined 
TSF as a co-mingled material with the existing tailings and PAG waste rock.  Additionally, it 
may be placed on the exterior face of the existing tailings and PAG waste rock thereby acting as 
rock armor, to prevent water and wind erosion. 

Underdrain flows from the TSF will be directed via gravity to an underdrain collection pond 
located downstream of the TSF.  Water collected in the underdrain collection pond will be 
pumped to the Water Treatment Plant (WTP) for treatment. This water may be used for 
exploration drilling makeup water, dust control, other operational uses, or released to a receiving 
stream downgradient of the WTP.   

Construction level design drawings and supporting documentation are provided in Attachment B 
for the Tailings and Potentially Acid Generating (PAG) Material Remediation, Placement and 
Storage Final Design Report.   

6.3 Water Treatment Plant 

A preliminary engineering report is provided by Water Engineering Technologies, Inc. (WET) 
for the water treatment plant (WTP) located at the Trench Camp in Attachment C. The report 
contains sixty percent (65%) plans and sections on: WTP background; design criteria including 
water chemistry and flow rates; process design including a process flow diagram, process and 



 

 
Voluntary Remediation Program Work Plan 
ASARCO January Adit (Norton Mine) 
Santa Cruz County, Arizona 

21 April 2017 
400003 

 

instrumentation diagrams, mechanical equipment list, a facility general arrangement, and major 
equipment data sheets. 

The water treatment plant is designed for treating underdrain seepage and storm water runoff 
from the TSF and water from the January Mine workings. The design accommodates variable 
flow rates from the TSF, using a nominal basis of design throughput of 120 gpm. The design 
allows for seasonal fluctuations in flow rates.    

Treated water will be utilized for on-going mine exploration, dust control, construction soil 
conditioning, and future milling and mining operations. Periodic, short-term discharge of treated 
water or a portion of treated water to Alum Gulch may be necessary during periods of 
exploration or mine development. This discharge will be authorized under an AZPDES permit. 
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7. PERMITTING AND LEGAL REQUIREMENTS 

7.1 Applicable Requirements 

Aquifer Protection Permit (APP) – The lined tailing/waste rock storage facility and underdrain 
collection pond are categorical facilities under the Aquifer Protection Permit regulations (A.R.S. 
49-241).  

Arizona Pollutant Discharge Elimination System (AZPDES) Permit – This permit provides 
authorization to discharge treated water from the water treatment plant in compliance with 
applicable water quality standards. 

Arizona State Mine Inspector (ASMI) – Site reclamation plan, health and safety, and financial 
assurance mechanisms. 

Arizona Department of Water Resources (ADWR) – Dam safety procedures for any artificial 
barrier that is not an exempt structure.    

7.2 Other Determinations 

A request for Approved Clean Water Section 4040 Jurisdictional Determination covering the 
project area was submitted to the Los Angeles District Office of the US Army Corps of 
Engineers.  Following their jurisdictional review, they determined that jurisdictional waters do not 
occur in this area. 
 
A copy of the Jurisdictional Determination Letter is included in Attachment D to this work plan 
document. 
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8. SAMPLING AND ANALYSIS PLAN (SAP) 

Monitoring of the WTP effluent and the associated reporting and record keeping requirements 
will be specified in the AZPDES permit and the APP issued to AMI by ADEQ. A copy of the 
Sampling and Analysis Plan (SAP) will be provided to ADEQ-VRP. 
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9. SCHEDULE 

A Gantt chart providing the proposed project schedule is provided in Attachment E. 
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10. COMMUNITY INVOLVEMENT PROPOSAL 

As required by §49-176, the communities and stakeholders that could be affected by the work 
described in this work plan will be informed about the project goals and achievements. A copy of 
the Public Notice to be published for this project is included in Attachment F of this document. 
Public comments and additional pertinent information will be incorporated into the attachment as 
they are received. 
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11. CONCLUSIONS  

AMI prepared this Work Plan in accordance with A.R.S. 49-175 and 176. The proposed Work 
Plan will address mine influenced water discharges from the January Mine Adit and seepages 
from historical tailing piles at the Trench Camp, Norton, and January Mine properties. AMI is 
confident that the approach described in this work plan will result in an efficient and effective 
remediation system to meet the project goals and achieve the water quality standards that have 
been established for Alum Gulch.  
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TABLE 1
January Adit and January Mine Workings

JAN AD1 JA#1 JA#1 JAN AD  JA#1 JA#1 JA#1

4/14/2016 4/15/2016 6/20/2016 6/20/2016 8/15/2016 2/7/2017 3/14/2017

Flow gpm NA 12 ‐‐ ‐‐ 5 ‐‐ ‐‐ ‐‐
Conductivity µS/cm NA 3,180 3,425 3,480 3,790 3,687 3,200 3,498
pH SU 6.5‐9.0 5.87 6.20 6.75 6.35 5.87 6.40 5.85
ORP mV NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Temperature °C NA 20.3 21.2 22.1 23.3 21.9 21.2 20.7

Aluminum  mg/L NA <2.0 <2.0 ‐‐ ‐‐ <10 <2.0 ‐‐
Antimony  mg/L 0.03 <0.0050 <0.0050 <0.00050 0.0032 0.0045 <0.0050 ‐‐
Arsenic mg/L 0.15 0.089 0.066 0.024 0.072 0.13 0.085 ‐‐
Barium mg/L NA ‐‐ ‐‐ 0.0072 ‐‐ 0.0047 <0.0050 ‐‐
Beryllium  mg/L 0.0053 <0.0025 <0.0025 <0.00025 0.00036 <0.0013 <0.0025 ‐‐
Calcium  mg/L NA ‐‐ ‐‐ 470 520 ‐‐ 480 ‐‐
Cadmium mg/L 0.0062 0.0035 <0.0025 <0.00025 0.0022 0.00040 0.00038 ‐‐
Chromium  mg/L 1 <0.0050 <0.0050 0.0024 0.00093 0.0030 <0.0050 ‐‐
Copper  mg/L 0.0293 <0.0050 <0.0050 0.00093 0.0014 0.0014 <0.0050 ‐‐
Iron  mg/L 1 36 31 23 38 42 36 ‐‐
Lead  mg/L 0.0109 <0.025 <0.0050 <0.00050 0.0014 0.0078 <0.0050 ‐‐
Magnesium mg/L NA ‐‐ ‐‐ 260 260 ‐‐ 250 ‐‐
Manganese  mg/L 130.667 68 66 48 62 61 53 ‐‐
Mercury  mg/L 0.00001 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 ‐‐
Nickel mg/L 0.1680 0.055 0.042 0.034 0.057 0.057 0.050 ‐‐
Selenium  mg/L NA 0.0031 0.0024 0.0031 0.0039 0.0026 0.0021 ‐‐
Silver mg/L 0.0349 <0.0050 <0.0050 <0.00050 <0.00050 <0.00050 <0.00050 ‐‐
Thallium mg/L 0.15 <0.025 <0.0050 <0.00050 <0.0010 <0.00050 <0.0050 ‐‐
Zinc mg/L 0.379 9.8 0.27 <0.40 8.9 6.0 4.8 ‐‐

Aluminum mg/L NA <2.0 <2.0 ‐‐ ‐‐ <2.0 <2.0 ‐‐
Antimony mg/L 0.64 <0.0050 0.011 0.0026 0.0030 0.0052 0.0063 ‐‐
Arsenic  mg/L 0.03 0.097 0.092 0.025 0.077 0.10 0.11 ‐‐
Barium mg/L 98 ‐‐ ‐‐ 0.020 ‐‐ 0.013 0.0063 ‐‐
Beryllium mg/L 0.084 <0.0025 <0.0025 <0.00025 <0.00025 <0.00025 0.00028 ‐‐
Calcium  mg/L NA 470 450 460 510 450 520 ‐‐
Cadmium mg/L 0.05 0.0043 0.035 0.0018 0.0020 0.0005 0.0006 ‐‐
Chromium  mg/L 1 <0.0050 <0.0050 0.0024 0.00069 0.0077 0.0010 ‐‐
Copper  mg/L 0.5 0.0053 0.010 0.0047 <0.0050 0.0044 0.0011 ‐‐
Iron  mg/L NA 35 38 22 38 40 41 ‐‐
Lead  mg/L 0.015 0.0092 0.32 0.050 0.0091 0.0088 0.0088 ‐‐
Magnesium mg/L NA 240 250 250 270 260 270 ‐‐
Manganese mg/L 130.667 61 61 45 59 64 59 ‐‐
Mercury mg/L 0.010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 ‐‐
Nickel mg/L 4.6 0.0029 0.054 0.026 0.053 0.053 0.040 ‐‐
Selenium mg/L 0.002 <0.0050 0.0024 0.0014 0.0051 0.00045 0.0021 ‐‐
Silver mg/L 4.667 <0.0050 <0.0050 0.00077 <0.00050 <0.00050 <0.00050 ‐‐
Thallium  mg/L 0.0072 <0.0010 <0.0050 <0.00050 <0.0050 <0.00050 <0.00050 ‐‐
Zinc mg/L 5.106 10 4.9 1.4 8.1 5.7 5.2 ‐‐

Alkalinity, Bicarbonate (as CaCO3) mg/L NA ‐‐ ‐‐ ‐‐ ‐‐ 170 ‐‐ ‐‐
Alkalinity, Carbonate (as CaCO3) mg/L NA ‐‐ ‐‐ ‐‐ ‐‐ <2.0 ‐‐ ‐‐
Alkalinity, Hydroxide  (as CaCO3) mg/L NA ‐‐ ‐‐ ‐‐ ‐‐ <2.0 ‐‐ ‐‐
Alkalinity, Total (as CaCO3) mg/L NA ‐‐ ‐‐ ‐‐ ‐‐ 170 ‐‐ ‐‐
Hardness ‐[CALC] Ca (as CaCO3) mg/L NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Hardness ‐[CALC] Ca/Mg (as CaCO3) (Dissolved) mg/L NA ‐‐ 2100 ‐‐ 2400 ‐‐ 2200 ‐‐

Hardness ‐[CALC] Ca/Mg (as CaCO3) mg/L NA 2200 ‐‐ 2200 ‐‐ 2400 2400 ‐‐

TSS (residue, non‐filterable) mg/L NA 12 42 71 15 22 <10 ‐‐
TDS (residue filterable) mg/L NA ‐‐ ‐‐ 3100 3700 3900 3600 ‐‐

Cyanide mg/L 0.2 ‐‐ ‐‐ <0.10 ‐‐ <0.10 <0.10 ‐‐

Fluoride mg/L NA ‐‐ ‐‐ 0.68 ‐‐ 0.62 0.95 ‐‐

Nitrate + Nitrite  mg/L NA ‐‐ ‐‐ <0.10 ‐‐ <0.10 <0.10 ‐‐
Sulfate mg/L NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2200
Notes:
Bold  indicates concentration above SWQS (Surface Water Quality Standard)
1 Jan Ad = January Adit discharge; JA#1 = January Adit Well
2  Designated Uses at Alum Gulch: Aquatic & wildlife warm water, full body contact, fish consumption, and Agricultural Livestock watering.
2 SWQS ‐ standards for cadmium, copper, lead, nickel, zinc based on a maximum hardness of 400 mg/L
CaCO3  = calcium carbonate
°C = degrees Celsius
gpm = gallons per minute
mg/L = milligrams per Liter
µS/cm = microsiemens per centimeter
SU = standard units
mV = millivolts

   NA = no applicable standard
TDS = total dissolved solids
TSS = total suspended solids
‐‐ indicates no sample
Duplicate Values separated by a '/'

SWQS2Analyte Units

Anions

Inorganics

Total Metals

Dissolved Metals

Field Parameters

Date
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TABLE 2A
Alum Gulch Surface Water Quality

FC‐1 FC‐2 HC‐1 SW‐AL1 SW‐AL1 SW‐AL1 SW‐AL1 SW‐AL2 SW‐AL2 SW‐AL2 SW‐AL2 SW‐AL 3 SW‐AL 3 SW‐AL 3 SW‐AL 3 SW‐AL 4 SW‐AL 4 SW‐AL 4 SW‐AL 4 SW‐AL 4 SW‐AL4

12/29/2016 12/29/2016 12/29/2016 4/14/2016 8/15/2016 11/29/2016 2/8/2017 4/14/2016 8/15/2016 11/29/2016 2/8/2017 4/14/2016 8/15/2016 11/29/2016 2/8/2017 4/14/2016 8/15/2016 8/15/16 DUP 11/29/2016 2/8/2017 2/8/17 DUP

Conductivity µS/cm NA 3680 2923 939.8 3541 3334 3030 3233 3220 2573 2140 2140 375 2820 2820
pH SU 6.5‐9.0 3.66 3.94 3.17 5.16 5.66 5.80 5.31 5.38 4.57 4.43 4.43 3.12 4.04 4.04

Temperature °C NA 10.6 11.5 10.5 21.4 19.8 27.9 21.8 28.7 20.4 23.5 23.5 9.1 6.5 6.5
Flow gpm NA 0.025 0.2 0.004 0 3‐4 9 3‐4 12 7‐8 25 25 0.2 1.0 1.0

Aluminum mg/L NA ‐‐ ‐‐ ‐‐ 5.4 ‐‐ ‐‐ ‐‐ <2.0 <10 ‐‐ ‐‐ 4.0 <10 ‐‐ ‐‐ 24 19 18 ‐‐ 18.0 16.6
Antimony mg/L 0.03 <0.00050 <0.00050 <0.00050 <0.0050 ‐‐ ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 <0.00050 <0.0050 <0.0050 <0.00050
Arsenic  mg/L 0.15 <0.0400 <0.0400 <0.0400 <0.0051 ‐‐ ‐‐ ‐‐ <0.0050 0.0013 ‐‐ ‐‐ <0.0050 0.0016 ‐‐ ‐‐ <0.0050 0.0012 0.0013 <0.0050 <0.0050 0.0013
Barium  mg/L NA 0.05 <0.050 <0.050 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Beryllium mg/L 0.0053 0.016 0.0027 0.0026 <0.0025 ‐‐ ‐‐ ‐‐ <0.0025 <0.0013 ‐‐ ‐‐ <0.0025 0.0019 ‐‐ ‐‐ 0.0029 0.0024 0.0023 0.0031 0.0027 0.0019
Cadmium mg/L 0.0062 0.21 0.18 0.031 0.092 ‐‐ ‐‐ ‐‐ 0.043 0.040 ‐‐ ‐‐ 0.074 0.058 ‐‐ ‐‐ 0.074 0.084 0.083 0.11 0.20 0.18
Calcium  mg/L NA 380 350 17 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 430 320

Chromium  mg/L 1 0.043 <0.030 <0.030 <0.0050 ‐‐ ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 0.00054 0.00068 <0.0050 <0.00050 <0.00050
Copper  mg/L 0.50 2.1 0.51 3.2 0.092 ‐‐ ‐‐ ‐‐ 0.045 0.040 ‐‐ ‐‐ 0.16 0.088 ‐‐ ‐‐ 0.42 0.71 0.76 0.32 0.72 0.64
Iron  mg/L 1.0 1.7 0.42 5.4 4.5 ‐‐ ‐‐ ‐‐ <0.30 <1.5 ‐‐ ‐‐ <0.30 <1.5 ‐‐ ‐‐ 0.33 1.3 1.3 0.60 <0.30 <0.30
Lead  mg/L 0.0109 0.6 0.12 <0.040 0.68 ‐‐ ‐‐ ‐‐ 0.058 0.027 ‐‐ ‐‐ 0.070 0.050 ‐‐ ‐‐ 0.18 0.13 0.12 0.13 0.11 0.1

Magnesium mg/L NA 220 200 17 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 260 200
Manganese mg/L 130.667 190 59 6.5 100 ‐‐ ‐‐ ‐‐ 31 39 ‐‐ ‐‐ 56 55 ‐‐ ‐‐ 54 38 38 72 58 57
Mercury mg/L 0.00001 <0.0010 <0.0010 <0.0010 <0.0010 ‐‐ ‐‐ ‐‐ <0.0010 <0.0010 ‐‐ ‐‐ <0.0010 <0.0010 ‐‐ ‐‐ <0.0010 <0.0010 <0.0010 ‐‐ ‐‐ ‐‐
Nickel mg/L 0.1680 0.39 0.21 0.073 0.25 ‐‐ ‐‐ ‐‐ 0.080 0.096 ‐‐ ‐‐ 0.14 0.13 ‐‐ ‐‐ 0.18 0.15 0.15 0.26 0.22 0.23

Potassium mg/L NA 7.1 6.1 5.0 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Selenium mg/L NA <0.040 <0.040 <0.040 0.0073 ‐‐ ‐‐ ‐‐ 0.0043 0.0027 ‐‐ ‐‐ 0.0063 0.0032 ‐‐ ‐‐ 0.0051 0.0022 0.0025 0.0071 0.0069 0.0035
Silver mg/L 0.0349 0.051 0.017 <0.010 <0.0050 ‐‐ ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 <0.00050 <0.0050 <0.0050 <0.00050

Sodium  mg/L NA 78 72 11 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Thallium  mg/L 0.15 <0.00050 <0.00050 0.00058 <0.025 ‐‐ ‐‐ ‐‐ <0.025 <0.00050 ‐‐ ‐‐ <0.025 <0.00050 ‐‐ ‐‐ <0.025 0.00051 <0.00050 <0.0050 <0.0050 <0.0050
Uranium mg/L NA 0.014 0.0013 0.0045 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Zinc mg/L 0.379 76 45 6.4 49 ‐‐ ‐‐ ‐‐ 26 24 ‐‐ ‐‐ 32 31 ‐‐ ‐‐ 34 25 25 45 38 39

Aluminum mg/L NA ‐‐ ‐‐ ‐‐ 5.2 ‐‐ ‐‐ ‐‐ <2.0 <2.0 ‐‐ ‐‐ 3.9 2.6 ‐‐ ‐‐ 21 19 19 ‐‐ 20.6 20.6
Antimony mg/L 0.64 ‐‐ ‐‐ ‐‐ <0.0050 ‐‐ ‐‐ ‐‐ <0.0050 0.00080 ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050
Arsenic  mg/L 0.03 ‐‐ ‐‐ ‐‐ <0.0050 ‐‐ ‐‐ ‐‐ <0.0050 0.0016 ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 <0.00050 <0.0025 <0.00050 0.00050
Barium  mg/L 98 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Beryllium mg/L 0.084 ‐‐ ‐‐ ‐‐ <0.0025 ‐‐ ‐‐ ‐‐ <0.0025 0.00051 ‐‐ ‐‐ 0.0028 0.0017 ‐‐ ‐‐ 0.0030 0.0026 0.0027 0.0029 0.0027 0.0021
Cadmium mg/L 0.050 ‐‐ ‐‐ ‐‐ 0.11 ‐‐ ‐‐ ‐‐ 0.052 0.043 ‐‐ ‐‐ 0.089 0.062 ‐‐ ‐‐ 0.085 0.089 0.090 0.110 0.19 0.18
Calcium  mg/L NA ‐‐ ‐‐ ‐‐ 480 ‐‐ ‐‐ ‐‐ 410 420 ‐‐ ‐‐ 470 460 ‐‐ ‐‐ 320 230 230 320 320 340

Chromium  mg/L 1 ‐‐ ‐‐ ‐‐ <0.0050 ‐‐ ‐‐ ‐‐ <0.0050 0.0082 ‐‐ ‐‐ <0.0050 0.0078 ‐‐ ‐‐ <0.0050 0.0086 0.0083 <0.0025 0.0025 0.0026
Copper  mg/L 0.5 ‐‐ ‐‐ ‐‐ 0.098 ‐‐ ‐‐ ‐‐ 0.054 0.034 ‐‐ ‐‐ 0.17 0.097 ‐‐ ‐‐ 0.44 0.74 0.73 0.32 0.66 0.66
Iron  mg/L NA ‐‐ ‐‐ ‐‐ 5.1 ‐‐ ‐‐ ‐‐ <0.30 0.74 ‐‐ ‐‐ <0.30 <0.30 ‐‐ ‐‐ 0.33 1.3 1.4 0.67 <0.30 <0.30
Lead  mg/L 0.015 ‐‐ ‐‐ ‐‐ 0.63 ‐‐ ‐‐ ‐‐ 0.049 0.059 ‐‐ ‐‐ 0.068 0.046 ‐‐ ‐‐ 0.17 0.12 0.12 0.11 0.11 0.10

Magnesium mg/L NA ‐‐ ‐‐ ‐‐ 280 ‐‐ ‐‐ ‐‐ 230 230 ‐‐ ‐‐ 260 250 ‐‐ ‐‐ 190 140 140 210 200 200
Manganese mg/L 130.667 ‐‐ ‐‐ ‐‐ 100 ‐‐ ‐‐ ‐‐ 33 34 ‐‐ ‐‐ 54 56 ‐‐ ‐‐ 49 38 39 63 58 61
Mercury mg/L 0.010 ‐‐ ‐‐ ‐‐ <0.0010 ‐‐ ‐‐ ‐‐ <0.0010 <0.0010 ‐‐ ‐‐ <0.0010 <0.0010 ‐‐ ‐‐ <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010
Nickel mg/L 4.6 ‐‐ ‐‐ ‐‐ 0.27 ‐‐ ‐‐ ‐‐ 0.094 0.080 ‐‐ ‐‐ 0.15 0.13 ‐‐ ‐‐ 0.19 0.13 0.13 0.23 0.20 0.18

Potassium mg/L NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Selenium mg/L 0.002 ‐‐ ‐‐ ‐‐ 0.0082 ‐‐ ‐‐ ‐‐ 0.0050 0.00089 ‐‐ ‐‐ 0.0067 0.0020 ‐‐ ‐‐ 0.0054 0.00082 0.00084 0.0037 0.0039 0.0037
Silver mg/L 4.667 ‐‐ ‐‐ ‐‐ <0.0050 ‐‐ ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050

Sodium  mg/L NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Thallium  mg/L 0.0072 ‐‐ ‐‐ ‐‐ <0.0050 ‐‐ ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 <0.00050 ‐‐ ‐‐ <0.0050 0.00052 <0.00050 <0.00050 <0.00050 <0.0050
Uranium mg/L NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Zinc mg/L 5.106 ‐‐ ‐‐ ‐‐ 50 ‐‐ ‐‐ ‐‐ 21 20 ‐‐ ‐‐ 30 30 ‐‐ ‐‐ 31 24 24 38 36 38

Nitrogen, Nitrate (as N) mg/L NA <0.50 <0.50 <0.50 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.55 <0.50
Nitrogen, Nitrite (as N) mg/L NA <0.10 <0.10 <0.10 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ <0.10 <0.10

Hardness , Ca/Mg (as CaCO3) mg/L NA ‐‐ ‐‐ ‐‐ 2300 ‐‐ ‐‐ ‐‐ 2000 2000 ‐‐ ‐‐ 2200 2200 ‐‐ ‐‐ 1600 1100 1200 1700 2200 1600
TSS (residue, non‐filterable) mg/L NA ‐‐ ‐‐ ‐‐ 41 ‐‐ ‐‐ ‐‐ <10 12 ‐‐ ‐‐ <10 <10 ‐‐ ‐‐ <10 <10 <10 <10 <10 <10
TDS (residue, filterable) mg/L NA 4100 3100 730 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 2800 2800

Chloride mg/L NA 13 15.00 8.1 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Cyanide  mg/L 0.0097 <0.10 <0.10 <0.10 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Fluoride mg/L 140 1.5 0.54 <0.50 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Sulfate mg/L NA 3200 2100 620 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Notes:
Bold  indicates concentration above SWQS (Surface Water Quality Standard)
    1  Dissolved metals SWQSs: Only the most stringent hardness based calculated SWQS of all applicable designated uses is shown above. 
Designated Uses at Alum Gulch: Aquatic & wildlife warm water, full body contact, fish consumption, and Agricultural Livestock watering.
Designated Uses at Humboldt Canyon (SW‐HU‐1): Aquatic & wildlife ephemeral, partial body contact.
Hardness based SWQSs calculated using 400 mg/L in Alum Gulch; Humboldt Canyon uses hardness value of the collected sample
CaCO 3  = calcium carbonate
µS/cm = microsiemens per centimeter
SU = standard units
°C = degrees Celsius
gpm = gallons per minute
mg/L = milligrams per Liter
NA = no applicable standard
TDS = total dissolved solids
TSS = total suspended solids
‐‐ indicates no data available

Inorganics

Anions

Pooled water
(No sample 
collected)

DRY DRY DRY

Dissolved Metals

Total Metals

DRY DRY DRY

Field Parameters

Analyte Units
Alum Gulch

SWQS 
(mg/L)
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TABLE 2A
Alum Gulch Surface Water Quality

SW‐HU 1 SW‐HU 1 SW‐HU 1 SW‐HU 1

4/14/2016 8/15/2016 11/29/2016 2/8/2017

Conductivity µS/cm NA 717
pH SU 6.5‐9.0 3.72

Temperature °C NA 26.0
Flow gpm NA 10

Aluminum mg/L NA ‐‐ 27 ‐‐ ‐‐
Antimony mg/L NA ‐‐ <0.00050 ‐‐ ‐‐
Arsenic  mg/L 0.44 ‐‐ 0.00068 ‐‐ ‐‐
Barium  mg/L NA ‐‐ NA ‐‐ ‐‐
Beryllium mg/L NA ‐‐ 0.0020 ‐‐ ‐‐
Cadmium mg/L 0.072 ‐‐ 0.050 ‐‐ ‐‐
Calcium  mg/L NA ‐‐ ‐‐ ‐‐ ‐‐

Chromium  mg/L NA ‐‐ 0.0021 ‐‐ ‐‐
Copper  mg/L 0.1506 ‐‐ 1.8 ‐‐ ‐‐
Iron  mg/L 0.1 ‐‐ 0.59 ‐‐ ‐‐
Lead  mg/L 0.1512 ‐‐ 0.042 ‐‐ ‐‐

Magnesium mg/L NA ‐‐ ‐‐ ‐‐ ‐‐
Manganese mg/L NA ‐‐ 4.4 ‐‐ ‐‐
Mercury mg/L 0.005 ‐‐ <0.0010 ‐‐ ‐‐
Nickel mg/L 0.1512 ‐‐ 0.067 ‐‐ ‐‐

Potassium mg/L NA ‐‐ ‐‐ ‐‐ ‐‐
Selenium mg/L NA ‐‐ 0.00070 ‐‐ ‐‐
Silver mg/L 0.0038 ‐‐ <0.00050 ‐‐ ‐‐

Sodium  mg/L NA ‐‐ ‐‐ ‐‐ ‐‐
Thallium  mg/L NA ‐‐ 0.00075 ‐‐ ‐‐
Uranium mg/L 2.8 ‐‐ ‐‐ ‐‐ ‐‐
Zinc mg/L 3.599 ‐‐ 5.3 ‐‐ ‐‐

Aluminum mg/L NA ‐‐ 26 ‐‐ ‐‐
Antimony mg/L 0.747 ‐‐ <0.00050 ‐‐ ‐‐
Arsenic  mg/L 0.03 ‐‐ <0.00050 ‐‐ ‐‐
Barium  mg/L 98 ‐‐ ‐‐ ‐‐ ‐‐
Beryllium mg/L 1.867 ‐‐ 0.0022 ‐‐ ‐‐
Cadmium mg/L 0.07 ‐‐ 0.052 ‐‐ ‐‐
Calcium  mg/L NA ‐‐ 17 ‐‐ ‐‐

Chromium  mg/L NA ‐‐ 0.012 ‐‐ ‐‐
Copper  mg/L 1.3 ‐‐ 1.8 ‐‐ ‐‐
Iron  mg/L NA ‐‐ 0.57 ‐‐ ‐‐
Lead  mg/L 0.015 ‐‐ 0.028 ‐‐ ‐‐

Magnesium mg/L NA ‐‐ 16 ‐‐ ‐‐
Manganese mg/L 130.667 ‐‐ 4.1 ‐‐ ‐‐
Mercury mg/L 0.28 ‐‐ <0.0010 ‐‐ ‐‐
Nickel mg/L 28 ‐‐ 0.065 ‐‐ ‐‐

Potassium mg/L NA ‐‐ ‐‐ ‐‐ ‐‐
Selenium mg/L 0.033 ‐‐ <0.0025 ‐‐ ‐‐
Silver mg/L 4.667 ‐‐ <0.00050 ‐‐ ‐‐

Sodium  mg/L NA ‐‐ ‐‐ ‐‐ ‐‐
Thallium  mg/L 0.075 ‐‐ 0.00064 ‐‐ ‐‐
Uranium mg/L 2.8 ‐‐ ‐‐ ‐‐ ‐‐
Zinc mg/L 280 ‐‐ 5.1 ‐‐ ‐‐

Nitrogen, Nitrate (as N) mg/L NA ‐‐ ‐‐ ‐‐ ‐‐
Nitrogen, Nitrite (as N) mg/L NA ‐‐ ‐‐ ‐‐ ‐‐

Hardness , Ca/Mg (as CaCO3) mg/L NA ‐‐ 110 ‐‐ ‐‐
TSS (residue, non‐filterable) mg/L NA ‐‐ <10 ‐‐ ‐‐
TDS (residue, filterable) mg/L NA ‐‐ ‐‐ ‐‐ ‐‐

Chloride mg/L NA ‐‐ ‐‐ ‐‐ ‐‐
Cyanide  mg/L 0.084 ‐‐ ‐‐ ‐‐ ‐‐
Fluoride mg/L 140 ‐‐ ‐‐ ‐‐ ‐‐
Sulfate mg/L NA ‐‐ ‐‐ ‐‐ ‐‐

Notes:
Bold  indicates concentration above SWQS (Surface Water Quality Standard)
    1  Dissolved metals SWQSs: Only the most stringent hardness based calculated SWQS of all applicable designated uses is shown above. 
Designated Uses at Alum Gulch: Aquatic & wildlife warm water, full body contact, fish consumption, and Agricultural Livestock watering.
Designated Uses at Humboldt Canyon (SW‐HU‐1): Aquatic & wildlife ephemeral, partial body contact.
Hardness based SWQSs calculated using 400 mg/L in Alum Gulch; Humboldt Canyon uses hardness value of the collected sample
CaCO 3  = calcium carbonate
µS/cm = microsiemens per centimeter
SU = standard units
°C = degrees Celsius
gpm = gallons per minute
mg/L = milligrams per Liter
   NA = no applicable standard
   TDS = total dissolved solids
   TSS = total suspended solids
   ‐‐ indicates no data available

Anions

Total Metals
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Dissolved Metals
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Analyte Units

2 of 2



TABLE 2B

Harshaw Creek Surface Water Quality

SW-HA 1 SW-HA 1 SW-HA 1 SW-HA 1 SW-HA 2 SW-HA 2 SW-HA 2 SW-HA 2 SW-HA 3 SW-HA 3 SW-HA 3 SW-HA 3 SW-HA 4 SW-HA 4 SW-HA 4 SW-HA 4 SW-HA 5 SW-HA 5 SW-HA 5 SW-HA 5 SW-HA 6 SW-HA 6 SW-HA 6 SW-HA 6

4/14/2016 8/15/2016 11/29/2016 2/8/2017 4/14/2016 8/15/2016 11/29/2016 2/8/2017 4/14/2016 8/15/2016 11/29/2016 2/8/2017 4/14/2016 8/15/2016 11/29/2016 2/8/2017 4/14/2016 8/15/2016 11/29/2016 2/8/2017 8/15/2016 11/29/2016 11/29/16 DUP 2/8/2017

Conductivity µS/cm NA 1802 1043 1416 1636 1435 942 1308 1519 1677 1448 1448 1633

pH SU 6.5-9.0 6.95 7.20 7.47 7.42 6.87 7.71 7.33 8.04 7.25 6.88 6.88 7.29

Temperature °C NA 21.1 24.2 11.8 6.9 18.4 25.2 14.1 8.6 22.6 10.3 10.3 10.1

Flow gpm NA 0 0 0 0 0 0 0 0 15 4 25 2 0 0 0 0 4-5 40 15 0.2 5 15 15 3

Aluminum mg/L NA -- -- -- -- -- -- -- -- <2.0 <10 -- <0.0400 -- -- -- -- <2.0 <2.0 -- <0.0400 <10 -- -- <0.0400

Antimony mg/L NA -- -- -- -- -- -- -- -- 0.0010 0.0014 <0.0050 0.00054 -- -- -- -- 0.0028 0.0024 <0.0050 0.0020 0.0037 <0.0050 <0.0050 0.0035

Arsenic mg/L 0.28 -- -- -- -- -- -- -- -- 0.0027 0.0035 <0.0050 0.0026 -- -- -- -- 0.0038 0.0054 <0.0050 0.0031 0.0029 <0.0050 <0.0050 0.0021

Barium mg/L 98 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Beryllium mg/L 1.867 -- -- -- -- -- -- -- -- <0.00025 <0.00025 <0.00025 <0.00025 -- -- -- -- <0.00025 <0.00025 <0.00025 <0.00025 <0.00050 <0.00025 <0.00025 <0.00025

Cadmium mg/L 0.290 -- -- -- -- -- -- -- -- <0.00025 0.00025 <0.0025 <0.00025 -- -- -- -- <0.00025 <0.00025 <0.0025 <0.00025 0.00037 <0.0025 <0.0025 <0.00050

Calcium mg/L NA -- -- -- -- -- -- -- -- -- -- -- 270 -- -- -- -- -- -- -- 240 -- -- -- 280

Chromium mg/L NA -- -- -- -- -- -- -- -- 0.0016 0.00059 <0.00050 <0.00050 -- -- -- -- 0.0011 0.00096 <0.00050 <0.00050 0.0010 <0.0050 <0.0050 <0.0010

Copper mg/L 0.08588 -- -- -- -- -- -- -- -- 0.0014 0.0031 0.0014 0.00081 -- -- -- -- 0.0016 0.0019 0.0016 0.00097 0.0026 0.0017 0.0019 0.0011

Iron mg/L NA -- -- -- -- -- -- -- -- <0.30 <1.5 <0.30 <0.30 -- -- -- -- <0.30 <0.30 <0.30 <0.30 <1.5 <0.30 <0.30 <0.30

Lead mg/L 0.5927 -- -- -- -- -- -- -- -- <0.00050 <0.00050 <0.0050 <0.00050 -- -- -- -- 0.00068 0.0033 <0.0050 <0.00050 0.0011 <0.0050 <0.0050 <0.00050

Magnesium mg/L NA -- -- -- -- -- -- -- -- -- -- -- 42 -- -- -- -- -- -- -- 45 -- -- -- 44

Manganese mg/L 130.7 -- -- -- -- -- -- -- -- 0.11 0.038 0.11 0.085 -- -- -- -- 0.022 0.025 0.020 0.016 0.030 0.073 0.062 0.0056

Mercury mg/L 0.28 -- -- -- -- -- -- -- -- <0.0010 <0.0010 -- -- -- -- -- -- <0.0010 <0.0010 -- -- <0.0010 -- -- --

Nickel mg/L 13.436 -- -- -- -- -- -- -- -- 0.011 0.014 0.017 0.0078 -- -- -- -- 0.0092 0.0062 0.012 0.0070 0.015 0.0096 0.0099 0.0081

Potassium mg/L NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Selenium mg/L 4.667 -- -- -- -- -- -- -- -- 0.0023 0.0013 <0.025 0.0012 -- -- -- -- 0.0017 0.0013 <0.025 0.0011 0.0032 <0.025 <0.025 0.0015

Silver mg/L 0.0349 -- -- -- -- -- -- -- -- <0.00050 <0.00050 <0.0050 <0.00050 -- -- -- -- <0.00050 <0.00050 <0.0050 <0.00050 <0.00050 <0.0050 <0.0050 <0.0010

Sodium mg/L NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Thallium mg/L 0.075 -- -- -- -- -- -- -- -- <0.0050 <0.00050 <0.0050 <0.00050 -- -- -- -- <0.00050 <0.00050 <0.0050 <0.00050 <0.00050 <0.0050 <0.0050 <0.00050

Uranium mg/L 2.8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Zinc mg/L 3.599 -- -- -- -- -- -- -- -- <0.040 <0.20 0.048 <0.040 -- -- -- -- <0.040 <0.040 <0.040 <0.040 <0.20 0.055 0.048 0.069

Aluminum mg/L NA -- -- -- -- -- -- -- -- <2.0 <2.0 -- 0.282 -- -- -- -- <2.0 <2.0 -- 0.0896 <2.0 -- -- 0.535

Antimony mg/L 0.747 -- -- -- -- -- -- -- -- 0.0010 0.0018 0.00065 0.00068 -- -- -- -- 0.0028 0.0025 0.0020 0.0019 0.0036 0.0014 0.0014 0.0037

Arsenic mg/L 0.28 -- -- -- -- -- -- -- -- <0.0050 0.0034 <0.0025 0.0029 -- -- -- -- 0.0052 0.0037 0.0037 0.0022 0.0014 <0.0025 <0.0025 0.0024

Barium mg/L 98 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Beryllium mg/L 1.867 -- -- -- -- -- -- -- -- <0.0025 <0.00025 <0.00025 <0.0013 -- -- -- -- <0.00025 <0.00025 <0.00025 <0.00025 <0.00025 <0.0013 <0.0013 <0.00025

Cadmium mg/L 0.7 -- -- -- -- -- -- -- -- <0.00025 0.00031 <0.00025 <0.00025 -- -- -- -- <0.00025 <0.00025 <0.00025 <0.00025 0.00036 <0.00025 <0.00025 <0.00025

Calcium mg/L NA -- -- -- -- -- -- -- -- 300 320 280 300 -- -- -- -- 270 150 260 250 340 340 290 300

Chromium mg/L NA -- -- -- -- -- -- -- -- 0.00099 0.0077 <0.0025 0.0027 -- -- -- -- 0.0012 0.0065 <0.0025 0.0026 0.0067 0.0034 <0.0025 0.0040

Copper mg/L 1.3 -- -- -- -- -- -- -- -- <0.0050 0.0097 0.0037 0.0060 -- -- -- -- <0.0050 0.0053 0.0065 0.0015 0.0061 <0.0025 <0.0025 0.0068

Iron mg/L NA -- -- -- -- -- -- -- -- <0.30 0.78 <0.30 0.76 -- -- -- -- <0.30 <0.30 0.49 <0.30 <0.30 <0.30 <0.30 0.98

Lead mg/L 0.015 -- -- -- -- -- -- -- -- <0.0050 0.020 0.0010 0.0048 -- -- -- -- <0.0050 0.0044 0.018 0.0012 0.0050 0.0017 0.0022 0.0035

Magnesium mg/L NA -- -- -- -- -- -- -- -- 44 48 39 45 -- -- -- -- 51 30 50 49 54 43 44 48
Manganese mg/L 130.7 -- -- -- -- -- -- -- -- 0.057 0.12 0.11 0.14 -- -- -- -- 0.024 0.072 0.17 0.023 0.081 0.051 0.062 0.078

Mercury mg/L 0.28 -- -- -- -- -- -- -- -- <0.0010 <0.0010 <0.0010 <0.0010 -- -- -- -- <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010 <0.0010

Nickel mg/L 28 -- -- -- -- -- -- -- -- 0.018 0.019 0.011 0.0082 -- -- -- -- 0.016 0.012 0.010 0.0078 0.019 0.011 0.011 0.010

Potassium mg/L NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Selenium mg/L 4.667 -- -- -- -- -- -- -- -- 0.0017 0.0013 0.0012 0.0010 -- -- -- -- 0.0014 0.00079 0.00080 0.00075 0.0021 0.0012 0.0010 0.0019

Silver mg/L 4.667 -- -- -- -- -- -- -- -- <0.00050 <0.00050 <0.00050 <0.00050 -- -- -- -- <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050

Sodium mg/L NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Thallium mg/L 0.075 -- -- -- -- -- -- -- -- <0.0050 <0.00050 <0.00050 <0.00050 -- -- -- -- <0.0050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050 <0.00050

Uranium mg/L 2.8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Zinc mg/L 280 -- -- -- -- -- -- -- -- <0.040 0.049 0.048 <0.040 -- -- -- -- <0.040 <0.040 <0.040 <0.040 0.093 0.042 0.048 0.088

Nitrogen, Nitrate (as N) mg/L 3733 -- -- -- -- -- -- -- -- -- -- -- <0.50 -- -- -- -- -- -- -- <0.50 -- -- -- 0.52

Nitrogen, Nitrite (as N) mg/L 233 -- -- -- -- -- -- -- -- -- -- -- <0.10 -- -- -- -- -- -- -- <0.10 -- -- -- <0.10

Hardness , Ca/Mg (as CaCO3) mg/L NA -- -- -- -- -- -- -- -- 930 990 860 850 -- -- -- -- 880 500 860 790 1100 1000 900 880

TSS (residue, non-filterable) mg/L NA -- -- -- -- -- -- -- -- <10 18 <10 39 -- -- -- -- <10 <10 14 <10 <10 <10 <10 33

TDS (residue, filterable) mg/L NA -- -- -- -- -- -- -- -- -- -- -- 1400 -- -- -- -- -- -- -- 1300 -- -- -- 1400

Notes:

Bold indicates concentration above SWQS (Surface Water Quality Standard)
1 Dissolved metals SWQSs: Aquatic and Wildlife ephemeral (A&We) use. Hardness based standards (for dissolved cadmium copper, lead, nickel, silver, and zinc)are based on 400 mg/L hardness of the sample.
2 Partial Body Contact (PBC) standard applies to total metals

CaCO 3 = calcium carbonate

µS/cm = microsiemens per centimeter

SU = standard units

°C = degrees Celsius

gpm = gallons per minute

mg/L = milligrams per Liter

   TDS = total dissolved solids

   TSS = total suspended solids

   NA = no applicable standard

   -- indicates no data available

Analyte Units
SWQS 1,2

(mg/L)

Field Parameters
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Inorganics

Total Metals

Dissolved Metals
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TABLE 3
 MW‐3 Groundwater Quality

Analyte Units
AWQS 
(mg/L)

2/7/2017 4/17/2017

Conductivity µS/cm NA 2960 3191
pH SU NA 7.98 7.09
Temperature °C NA 19.8 19.7

Aluminum mg/L NA <2.0 ‐‐

Antimony mg/L 0.006 <0.00050 <0.00050

Arsenic  mg/L 0.05 0.0064 0.0087

Barium  mg/L 2 0.027 0.022

Beryllium mg/L 0.004 <0.00025 0.00043

Cadmium mg/L 0.005 0.0051 0.0044

Calcium  mg/L NA 570 ‐‐

Chromium  mg/L 0.1 0.00053 <0.0050

Copper  mg/L NA 0.00080 ‐‐

Iron  mg/L NA <0.30 ‐‐

Lead  mg/L 0.05 <0.0050 <0.00050

Magnesium mg/L NA 210 ‐‐

Manganese mg/L NA 24 ‐‐

Mercury mg/L 0.002 <0.000094 <0.000094

Nickel mg/L 0.1 0.070 0.071

Selenium mg/L 0.05 0.0021 0.0065

Silver mg/L NA <0.00050 ‐‐

Thallium  mg/L 0.002 <0.0050 <0.00050

Zinc mg/L NA 4.7 ‐‐

Aluminum mg/L <2.0 ‐‐
Antimony mg/L <0.00050 <0.00050
Arsenic  mg/L 0.0061 0.0068
Barium  mg/L 0.033 0.026
Beryllium mg/L 0.00066 0.00052
Cadmium mg/L 0.0065 0.0042
Calcium  mg/L 580 520
Chromium  mg/L 0.0016 0.0066
Copper  mg/L 0.0011 ‐‐
Iron  mg/L 1.8 ‐‐
Lead  mg/L 0.00059 0.0027
Magnesium mg/L 220 200
Manganese mg/L 24 ‐‐
Mercury mg/L <0.00094 <0.000094
Nickel mg/L 0.059 0.080
Selenium mg/L 0.0021 0.0046
Silver mg/L <0.00050 ‐‐
Thallium  mg/L <0.00050 <0.00050
Zinc mg/L 5.8 ‐‐

Hardness, Ca/Mg (as CaCO3) mg/L NA 2300 ‐‐
Nitrogen, Nitrate (as N) mg/L 10 <0.50 <0.50
Nitrogen, Nitrite (as N) mg/L 1 <0.10 <0.10
TDS (residue, filterable) mg/L NA 3300 ‐‐
TSS (residue, non‐filterable) mg/L NA <10 ‐‐

Cyanide  mg/L 0.2 <0.10 <0.10
Fluoride mg/L 4 0.80 0.85
Sulfate mg/L NA ‐‐ 2100

Uranium‐234 µg/L NA 0.00015 ± 0.00004 ‐‐
Uranium‐235 µg/L NA 0.010 ± 0.001 ‐‐
Uranium‐238 µg/L NA 1.4 ± 0.5 ‐‐
Uranium Activity (U234, U235, U238) pCi/L NA 1.4 ± 0.5 ‐‐
Radium‐226 pCi/L NA 0.7 ± 0.2 <0.3
Radium‐228 pCi/L NA <0.6 <0.6
Total Radium Activity pCi/L 5 0.7 ± 0.2 <0.6
Gross Alpha Activity pCi/L 15 ‐‐ 3.3 ± 1.2
Notes:
Bold   indicates concentration above AWQS (Aquifer Water Quality Standard)
CaCO 3  = calcium carbonate
°C = degrees Celsius
mg/L = milligrams per Liter

   NA = no applicable standard
SU = standard units

   TDS = total dissolved solids
   TSS = total suspended solids
µS/cm = microsiemens per centimeter

   ‐‐ indicates no data available

Field Parameters

Total Metals

Inorganics

Anions

Radionuclides

Dissolved Metals
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1.0 Material Characterization 

1.1 Geochemical Characterization Plan 

A range of geochemical tests (Table 1) was conducted on representative samples from the historic 
Trench Camp Tailings piles 1, 2/4 and 3 (Figure 1).  Samples consisted of tailings, foundation soils 
underlying the unlined tailings, and waste rock material located near the base of tailings pile #1. In 
addition, samples of development rock that will be generated from an exploration decline and a 
shaft proposed as part of the Hermosa Taylor Deposit were also characterized.   

Samples from the historic tailings are grouped into classes of similar materials (tailings, waste rock, 
and foundation soils) to facilitate test interpretation.  Tests for metal solubility were conducted on 
composite samples.  Three tailings composites included waste rock, shallow-oxidized, deeper-
unoxidized and non acid-generating categories.  The foundation layer soils underlying tailings were 
grouped by depth beneath base of the tailings (0-2 ft, 2-3 ft, 3-6 ft, and 8-20 ft).  Drillhole samples 
were categorized into major rock units recognized in the Hermosa Taylor Deposit: Meadow Valley 
Volcanics, Hardshell Volcanics, Concha, Epitaph and Sherrer Formation. 
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Figure 1.  Location of samples collected from the historic Trench Camp tailings area. 
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Table 1. Number and kind of tests conducted on Trench Camp historic tailings and 
exploration core from the Hermosa Taylor Deposit. 

Sample Type Tests Purpose 

Trench Camp Area 
  Tailings (n=29) 
  Waste Rock (n=6) 
  Foundation Soil and 
     Rock (n=19)  

Sobek Acid Base 
Accounting 

Assess acid generation and neutralization 
risk 

Paste pH Assess current degree of weathering and 
acidification 

MWMP and EPA 1312 Performed on composites of the waste 
rock, tailings (shallow and deep), and 
foundation samples to assess metal 
leaching risk 

Multi element analysis Total metals in 4-acid digest of samples 

Exploration Drillhole 
Core (n=35,000) 

Sobek Acid Base 
Accounting 

Assess acid generation and neutralization 
risk 

 Paste pH Assess current degree of weathering and 
acidification on 307 representative samples 

 Multi element analysis Total metals in 4-acid digest of samples 
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2.0 Trench Camp Historic Tailings Area Geochemistry 

2.1 Historic Tailings Area 

Static test results (Appendix A) for historic tailings samples (Figure 2 and 3) show the potential for 
rock to produce or to neutralize acidity as a result of weathering.  The Acid Generation Potential 
(AGP) is based on the quantity of pyritic sulfur contained in a sample and expresses the amount of 
acidity that a sample could release if all pyrite was to fully oxidize.  The AGP is expressed in units of 
kg/t as CaCO3.  Acid Neutralization Potential (ANP) is the capacity of a sample to neutralize acidity 
and is expressed in the same units as AGP.  The ANP minus AGP is the Net Neutralization 
Potential (NNP) and in theory a sample is potentially acid generating if the NNP is less than zero.  
Conversely, a sample with a NNP greater than zero would be considered non-acid generating.  In 
practice, there is some uncertainty for samples with NNP between -20 and +20 kg/t, and test results 
in this range are often considered uncertain in terms of the acid generation risk.   

Virtually all historic tailings and waste rock samples would be considered acid generating (Figure 2) 
because of the NNP values that are less than -20 kg/t as CaCO3.  However, most of the tailings 
samples have not yet become acidic in pH owing to the abundance of carbonates in the tailings 
material.  Only five tailings samples, all located in the upper few feet of the tailings piles, have 
developed a pH of less than 5 (Figure 3).  Two of the lower pH samples were in Pile 3 and the 
others were in Pile 2/4.  In these samples, oxidation of the sulfides has removed most the ANP, 
thus allowing the pH to drop from 7 to below 5.  Given a long enough period of exposure to 
oxygen, all tailings would eventually become acid, but this would likely require many decades of 
exposure given the limited oxidation evidenced after more than 50 years of exposure of the historic 
Trench Camp tailings to weathering.  Therefore, after the historic Trench Camp tailings are removed 
and replaced on a liner, they are not likely to change appreciably from the conditions currently found 
in surface tailings.  Ultimately, the re-handled tailing piles, which are placed on the liner, will be 
compacted, sloped, and covered in a manner that limits infiltration of meteoric water and oxygen, 
thus minimizing long-term oxidation and acidification risk. 

Samples were analyzed using the Net Acid Generation pH (NAG pH, Figure 4) test in which 
hydrogen peroxide is added to a sample and allowed to react with sulfides for 24 hours before pH is 
recorded.  NAG pH provides a reliable indication of long-term pH that would develop is a sample 
after years of weathering.  While most tailings samples had a NAG pH less than 4.5, which indicates 
acid generation risk, many samples with low NNP (<-100 kg/t as CaCO3) also had NAG pH above 
4.5.  These samples were likely dominated by lead and zinc sulfide minerals that may have high 
sulfur and low NNP but do not form acidity upon oxidation.  Tailings samples with NAG pH above 
4.5 were grouped for the soluble metals tests under the non potentially acid generating (non-PAG) 
tailings category. 

Waste rock samples, although much lower in total sulfur than tailings also had much lower ANP 
values.  The relative lack of ANP allowed these samples to acidify more quickly than tailings.  As a 
result all waste rock samples had low pH values, even though they were buried by several feet of 
tailings in Tailings pile #1.  Given their pH, water in contact with waste rock is likely to be more 
strongly acidic and have higher metals and sulfate than tailings contact water.  To the extent 
possible, waste rock will be buried by tailings in the lined repository to minimize contact with water. 
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Foundation soil and rock samples were much lower in sulfur than either tailings or waste rock but 4 
of the 19 samples still had pyritic sulfur greater than 0.3%, which would likely generate acidic 
conditions after sufficient exposure to oxygen.  The higher sulfide samples were all encountered in 
boreholes 1 and 2 beneath pile 2/4.  It is possible that some of the foundation soil and rock material 
in this area consist of historic sulfide waste or may contain naturally occurring sulfides.  However, 
any sulfides beneath the tailings in pile 2/4 will be covered by the liner for the new repository, which 
will prevent any contact with water.   

 

Figure 2. ANP and AGP of samples collected from the historic tailings area. 
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Figure 3. NNP and Paste pH of samples collected from the historic tailings area. 

 

Figure 4. NNP and NAG pH of samples collected from the historic tailings area. 
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Soluble metals were determined using both Meteoric Water Mobility Procedure (MWMP) and 
Synthetic Precipitation Leaching Procedure (SPLP) tests.  These methods differ primarily in the 
water to rock ratio.  The SPLP is a more dilute extraction 20:1 than the MWMP, which is 1:1. Eight 
composite samples were tested including shallow oxidized and deeper unoxidized tailings, waste 
rock, and 4 foundation layers (Table 2 and 3). Soluble metals in SPLP extracts exceeded Arizona 
aquifer standards for four constituents in one or more samples: antimony, cadmium, lead, and nickel 
(Figures 5 to 8).  Since contact water within the lined repository will be collected and treated, the 
elevated levels of metals will not pose an environmental risk. All other constituents met Arizona 
Ambient Water Quality Standards.  The MWMP tests tended to have higher levels of soluble 
constituents than the SPLP tests due to differences in the water to rock ratio used in the tests.  The 
MWMP tests were used to estimate contact water quality in section 2.3. 
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Table 2. Soluble constituents in composite samples using SPLP method.  
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Aluminum  <0.03 <0.03 0.1 13.8 <0.03 <0.03 0.09 <0.03 

Antimony  <0.002 <0.002 0.0011 0.004 0.0088 0.0005 0.0016 0.0016 

Arsenic  0.001 0.002 0.0008 0.005 0.0138 0.0054 0.0098 0.0011 

Barium  0.01 0.014 0.014 0.011 0.023 0.004 0.018 0.016 

Boron  <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.02 0.01 

Cadmium  0.069 0.145 0.0247 0.128 0.0019 0.0008 0.0066 0.0037 

Calcium  586 582 318 267 30.3 14.1 22.1 86.5 

Chloride  <0.5 6.5 23.3 <0.5 <0.5 <0.5 <0.5 16.6 

Chromium  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Cobalt  0.05 0.13 <0.01 0.07 <0.01 <0.01 0.01 <0.01 

Conductivity 
(uS/cm) 

2350 2410 1470 1680 385 199 257 574 

Copper  <0.01 <0.01 <0.01 0.12 <0.01 <0.01 0.02 <0.01 

Cyanide, WAD  <0.003 0.013 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 

Fluoride  0.07 0.34 0.35 1.07 0.23 0.46 0.16 0.35 

Iron  <0.02 <0.02 0.13 2 <0.02 <0.02 <0.02 <0.02 

Lead  0.0467 0.599 0.118 2.6 0.0002 0.0004 0.001 0.0089 

Magnesium  6.1 11.3 15.6 35 19.2 8.2 9 12.2 

Manganese  47.9 68.8 9.3 37.9 3.79 3.75 4.81 5.61 

Mercury  <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

Molybdenum  <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Nickel  0.026 0.077 <0.008 0.065 <0.008 <0.008 <0.008 <0.008 

Nitrate/Nitrite 
as N  

0.03 0.04 0.04 0.04 0.04 0.03 0.04 0.04 

Phosphorus  <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Potassium  0.4 0.8 1.3 2.4 4 1.6 2.2 2.3 

Selenium  0.0046 0.0032 0.0019 0.0016 <0.0002 0.0002 <0.0002 0.0009 

Silver  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Sodium  0.5 0.3 0.5 0.3 1.8 1.9 1.1 1.2 

Strontium  0.164 0.186 0.129 0.054 0.104 0.045 0.077 0.111 

Sulfate  1550 1550 809 1000 159 72.7 103 232 

Thallium  <0.0005 0.0006 0.0007 <0.0005 0.0007 <0.0001 <0.0002 0.0002 

Thorium  <0.005 <0.005 <0.002 <0.005 <0.002 <0.001 <0.002 <0.002 

Tin  <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 

Uranium  <0.0005 <0.0005 <0.0002 0.0005 <0.0002 <0.0001 <0.0002 <0.0002 

Vanadium  <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Zinc  3.36 14.4 1 30.4 0.07 0.01 0.71 0.05 
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Table 3. Soluble constituents in composite samples using MWMP method.  
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Aluminum  0.08 <0.06 <0.06 108 <0.06 <0.06 0.43 <0.06 

Antimony  <0.002 0.002 0.004 0.013 0.0118 <0.0008 0.0022 0.0038 

Arsenic  0.002 0.002 0.0016 0.012 0.0171 0.0085 0.0223 0.0019 

Barium  0.024 <0.006 0.021 <0.006 0.031 0.018 0.025 0.048 

Boron  0.02 0.04 0.04 0.04 0.09 0.03 0.13 0.16 

Cadmium  1.96 1.05 0.182 1.43 0.0294 0.0138 0.0847 0.0429 

Calcium  495 498 604 434 312 160 316 603 

Chloride  0.9 94 265 5.8 2.2 0.6 1.3 159 

Chromium  <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Cobalt  1.7 1.68 0.14 0.66 <0.02 <0.02 0.08 0.04 

Conductivity 
(uS/cm) 

4390 4500 3230 5150 2750 1450 2110 3110 

Copper  0.11 0.05 <0.02 0.33 <0.02 <0.02 0.05 <0.02 

Cyanide, WAD  <0.003 0.097 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 

Fluoride  0.05 0.35 0.54 0.26 0.38 0.43 0.34 0.39 

Iron  0.18 0.06 <0.04 14.3 <0.04 <0.04 <0.04 <0.04 

Lead  0.88 3.2 0.586 2.65 0.0017 0.0026 0.0048 0.0828 

Magnesium  106 241 188 362 250 91.2 121 147 

Manganese  1110 761 75.6 428 50.8 37.4 67.5 69.5 

Mercury  <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

Molybdenum  <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 

Nickel  0.93 1.48 0.1 0.67 <0.02 <0.02 0.12 <0.02 

Nitrate/Nitrite 
as N  

0.09 <0.02 0.03 <0.2 0.06 0.02 0.04 <0.1 

Phosphorus  <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 

Potassium  1.7 9.8 14.8 26.2 20.4 8.3 13.8 18.7 

Selenium  0.0324 0.03 0.0147 0.0116 0.0012 0.0018 0.0011 0.0088 

Silver  <0.2 <0.1 <0.02 <0.05 <0.02 <0.02 <0.02 <0.02 

Sodium  5.4 4.9 10.2 5.3 25.8 20 14.6 20.7 

Strontium  0.77 0.28 0.56 0.16 1.1 0.46 0.78 1.07 

Sulfate  3800 3620 2170 4440 1940 837 1400 2040 

Thallium  <0.0005 0.0036 0.0031 0.0006 0.0019 0.0005 0.0005 0.0012 

Thorium  <0.005 <0.005 <0.002 <0.005 <0.002 <0.002 <0.002 <0.002 

Tin  <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 

Uranium  <0.0005 <0.0005 0.0007 0.0029 <0.0002 <0.0002 <0.0002 0.0015 

Vanadium  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Zinc  129 158 24.9 306 0.55 0.31 5.74 1.73 
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Figure 5. Soluble antimony in samples collected from the historic tailings area. 

 

Figure 6. Soluble cadmium in samples collected from the historic tailings area. 



 Arizona Minerals Inc. 
 Trench Camp Historic Tailings 
 Geochemistry and Material Characterization 

 

Page 11 
 

 

Figure 7. Soluble lead in samples collected from the historic tailings area. 

 

Figure 8. Soluble nickel in samples collected from the historic tailings area. 
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2.2 Development Rock 

Potentially acid generating (PAG) development rock from the proposed Hermosa Taylor Deposit 
project will be placed in the same lined facility as the historic tailings and waste rock.  Extensive data 
have been collected from rock units to be mined in the Taylor project including 307 samples from 2 
representative boreholes (HDS-332 and HDS-364) that were analyzed for Sobek acid base 
accounting NAG pH and paste pH.  In addition, total metals were measured on over 35,000 samples 
across all exploration holes.  

The NAG pH and NNP of samples from boreholes HDS-332 and HDS-364 (Figure 9 and 10) show 
three distinct groups of samples (Figure 11).  The vast majority of rocks encountered in the Taylor 
Deposit is strongly alkaline and not expected to become acidic or to leach appreciable levels of 
metals.  Unlike the historic tailings and waste rock that was volcanic-hosted, the Taylor Deposit, the 
first group in Figure 11, is a deeper Carbonate Replacement Deposit, accounting for the 
preponderance of alkaline rock.  The second group of materials is potentially acid generating (PAG), 
due to the pyritic sulfur content.  In order to access the carbonate host rock, a decline will be 
developed through approximately 1,000 feet of volcanic rock.  The surficial Meadow Valley 
Volcanics and deeper Hardshell Volcanics contain a proportion of PAG material with NNP <0 and 
NAG pH < 4.5.  The third group of samples is zinc-lead-silver ore.  Ore in the carbonate sequence 
had low NNP but also had high NAG pH.  In these samples, the majority of sulfur is in the form of 
galena and sphalerite, which are not acid generating sulfides like pyrite.  The Sobek test therefore 
overestimates acid generating risk in samples where pyrite is not the primary sulfide mineral.  Ore 
samples will be processed to recover economic sulfides as a concentrate (that will be shipped off-
site) and the resultant tailings will be non acid-generating based on preliminary tests. 

The vertical distribution of ANP, AGP and lead plus zinc grade in HDS-332 and HDS-364 is shown 
in Figures 12 and 13, respectively.  PAG Zones occur where the red bars are more pronounced than 
the blue bars.  In the upper volcanic units, PAG material will be treated as waste and will be placed 
in the lined repository to prevent release of acidity or metals in contact water.  Most zones that 
appear as PAG in the carbonate units are actually ore and will be processed to remove the economic 
sulfides. 
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Figure 9.  Cross section 1 through the Hermosa Taylor Deposit. 

 

Figure 10.  Cross section 2 through the Hermosa Taylor Deposit. 
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Figure 11.  Distribution of NNP and NAG pH in select exploration samples. 
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Figure 12. Distribution and ANP, AGP and Pb+Zn grade in borehole HDS-332. 

 

Figure 13. Distribution and ANP, AGP and Pb+Zn grade in borehole HDS-364. 
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2.2.1 Estimating ANP and AGP from Total Metals Data 
Arizona Minerals Inc. has performed multi-element analyses on over 35,000 samples to date using a 
4-acid digestion and ion determination by ICP AES and MS methods (ALS Chemex ME-MS61m).  
The ANP and AGP values for all 35,000 samples were estimated by assuming all calcium and 
magnesium are present as carbonate and all sulfur is pyrite according to equation [1].  The estimated 
ANP and AGP from multi element data will provide more spatially extensive information about the 
Hermosa Taylor deposit.  However, it is important to establish whether the estimated ANP and 
AGP derived from equation 1 are in agreement with ANP and AGP measured using the standard 
Sobek method. 

     Estimated NNP (kg/t as CaCO3) = ANP (Total Ca % x 10 x 40.1/100 +  
        Total Mg % x 10 x 24.3/100) - AGP (Total S % x 31.25) [1] 

Estimated ANP and AGP based on multi-element data (Figure 14 and 15) provided good 
correlation with the Sobek method as shown for the 307 samples tested by both methods.  
Estimated and measured AGP had an R2 of 0.9888 and a slope of 1.01 while estimated and 
measured ANP had an R2 of 0.9341 and a slope of 0.9865.  Based on the strong correlation, the 
multi-element data available for all boreholes provide an accurate and precise estimate ANP and 
AGP. 

Based on average composition (Table 4) all Paleozoic units (Concha, Epitaph and Sherrer plus older 
Paleozoics below the Sherrer) are strongly alkaline with ANP ranging from 320 to 610 kg/t as 
CaCO3.  Some PAG material was found in the Paleozoic units in or near ore zones where 
mineralization caused increases in sulfide sulfur and significant loss of carbonates due to alteration.  
PAG abundance varied from 3 to 8% in the Concha, Epitaph, Scherrer and older Paleozoic rocks. 
Most drifts and ore development will occur in the Paleozoic units although much of the waste 
produced would likely be placed underground as backfill.   

The volcanic units had somewhat lower alkalinity than the Paleozoic rocks with ANP averaging 161 
kg/t as CaCO3 in the Meadow Valley and 73 kg/t in the deeper Hardshell Volcanics.  Pyritic sulfur 
averaged about 0.5% in the Meadow Valley (AGP = 18 kg.t) and was a little over 1% in the 
Hardshell (AGP = 39 kg/t).   The Hardshell Volcanics had 20.5% PAG material and this PAG 
development rock will be placed on the lined facility.  The upper volcanics in the Meadow Valley 
Unit had more carbonate so contain only 4% PAG material. 
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Figure 14. Correlation of measured and estimated AGP in boreholes HDS-332 and HDS-364. 

 

 

Figure 15. Correlation of measured and estimated ANP in boreholes HDS-332 and HDS-
364. 
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Table 4. Average ANP, AGP and PAG abundance in each rock unit in the Hermosa Taylor 
Deposit. 

Row Labels n Average 
of ANP 

Average 
of AGP 

Average 
of NNP 

PAG (%) 

Meadow Valley Volcanics 3,777 161 18 143 4.3% 

Hardshell Volcanics 12,727 73 39 33 20.5% 

Concha Formation 2,671 412 38 374 8.1% 

Scherrer Formation 1,510 322 44 278 6.7% 

Epitaph Formation 3,884 610 53 557 2.8% 

Old Volcanics 4,723 57 45 12 17.5% 

Lower Paleozoics 5,780 478 32 446 2.7% 
 

2.3 Expected Water Quality of Contact Water 

Water that comes into contact with materials placed on the liner will be directed to the lined 
underdrain pond where it will be stored for eventual treatment and re-use or discharge under an 
approved permit.  Tests of different materials to be placed in the liner repository indicate that 
contact water quality may vary spatially depending on the kind of material contacted.  This variability 
will cause some variation in water fed to the water treatment plant, although the variability will be 
less pronounced than the range of values in Table 5 because underdrain pond water will be an 
average across the facility.  An overall average water quality was computed by assuming that about 
40% of the contact water is represented by oxidized tailings, 25% by unoxidized tailings, 25% by 
non-PAG tailings and 10% by waste rock.  The composite water quality was estimated by combining 
these three water types in a geochemical equilibrium model (PHREEQC).  Reasonable low 
temperature solid phases were allowed to form and sorption on ferrihydrite was permitted.  Contact 
water pH may range between 3.8 and 6.8 with a most likely pH of 4.2. Sulfate may range from 2,170 
to 4,440 mg/L with a most likely concentration of around 3,300 mg/L. Most metals levels will be 
relatively low except for cadmium, manganese and zinc with likely concentrations of 1.1, 645 and 
133 mg/L respectively.   
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Table 5. Likely range in quality of contact water in Trench Camp historic tailings 
underdrain pond. 

Constituent (mg/L) Minimum Maximum Expected 

pH  3.8 6.8 4.17 

Aluminum  <0.06 108 5.05 

Antimony  <0.002 0.013 0.0036 

Arsenic  0.0016 0.012 0.003 

Barium  <0.006 0.024 0.003 

Boron  <0.02 0.04 0.04 

Cadmium  0.182 1.96 1.09 

Calcium  434 604 480 

Bicarbonate <2 51.2 9.82 

Chloride  0.9 265 105 

Chromium  <0.02 <0.02 <0.02 

Cobalt  0.14 1.7 1.20 

Copper  <0.02 0.33 0.09 

Fluoride  <0.05 0.54 0.31 

Iron  <0.04 14.3 1.45 

Lead  0.59 3.2 1.59 

Magnesium  106 362 207.1 

Manganese  75.6 1,110 645 

Mercury <0.0002 <0.0002 <0.0002 

Molybdenum  <0.04 <0.04 <0.04 

Nickel  <0.1 1.48 0.92 

Nitrate/Nitrite as N  <0.02 0.2 0.06 

Phosphorus  <0.2 <0.2 <0.2 

Potassium  1.7 26.2 9.32 

Selenium  0.0116 0.0324 0.025 

Silver  <0.02 0.2 0.10 

Sodium  4.9 10.2 6.42 

Strontium  0.16 0.77 0.46 

Sulfate  2,170 4,440 3,287 

Thallium  0.0005 0.0036 0.002 

Thorium  <0.002 <0.005 <0.005 

Tin  <0.08 <0.08 <0.08 

Uranium  0.0005 0.0029 0.001 

Vanadium  <0.01 <0.01 <0.010 

Zinc  24.9 306 133 
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Appendix A - Acid Base Accounting Data 
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Table A-1. Static test results for Trench Camp historic tailings area samples. 
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Table A-2. Static test results for Trench Camp historic tailings area samples. 
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Arizona Minerals Inc. - 1 - Trench Camp Property  
  Water Treatment Plant Preliminary Engineering Report 

Water Engineering Technologies, Inc.   

1.0  INTRODUCTION 
This preliminary engineering report is provided by Water Engineering Technologies, Inc. 
(WET) to Arizona Minerals, Inc. (AMI) for the water treatment plant (WTP) located at the 
Trench Camp Property (Trench Camp, January Mine, and Norton Mine Claims) Project 
(Project) located in Santa Cruz County, AZ. This report contains sections on: WTP 
background; design criteria including water chemistry and flow rates; process design 
including a process flow diagram, process and instrumentation diagrams, mechanical 
equipment list, a facility general arrangement, and major equipment data sheets; and a cost 
estimate for capital expenditures (Capex) and annual operating expenditures (Opex). 

2.0 WTP BACKGROUND 
AMI wants to engineer and install a water treatment plant capable of treating underdrain 
seepage and storm water runoff from a tailings storage facility (TSF) located on the Project 
property and water from the January Mine (Mine) workings. The flow rate from the TSF 
Underdrain Collection Pond (UP) is estimated to fluctuate up to a maximum of 120 gallons 
per minute (gpm) in reaction to monsoon rains, then fall to a minimum of less than ten gpm 
during extended dry periods. The flow rate from the Mine also fluctuates because of 
hydrologic influences from monsoon rains and dry periods and is estimated to be between 
39 and 7 gpm, respectively.  

It is anticipated that treated water will be utilized for on-going mine exploration, dust 
control, construction soil conditioning, and future milling and mining operations. Periodic, 
short-term discharge of treated water or a portion of treated water to Alum Gulch may be 
necessary during periods of exploration or mine development. This discharge would be 
authorized under an AZPDES permit. 

3.0 DESIGN CRITERIA 

 FLOW RATES 
Water sources to the WTP consist of TSF UP flow and January Mine water flow.  It is 
understood both sources are heavily influenced by meteoric precipitation events and thus 
highly variable.  

Several factors in addition to source flow variability must also be considered when 
selecting a WTP throughput value, including:  

(1) water storage availability in the TSF UP;  
(2) desired mine water level and drawdown resulting from mine water pumping; and  
(3)  WTP operation shift schedule. 

AMI has developed plans for installing a lined underdrain collection pond in conjunction 
with the TSF, so the amount of future water storage has already been determined. AMI has 
collected data that provide a good understanding of the effects of pumping and resulting 
drawdown of the January Mine workings, and have in place a dedicated mine water 
pumping system. AMI will operate the WTP on a variable shift schedule up to 24-hours per 
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day as needed to respond to seasonal fluctuations in UP water volumes and mine water 
levels. Given all these factors, it was determined than a nominal WTP throughput to be 
used as a basis of design is 120 gpm.  The two water sources will be combined prior to 
treatment, with the ratio of Mine water to UP water variable dependent on local 
meteorological conditions. 

 WATER CHEMISTRY 
Water chemistry from mine water and the existing tailings seepage (worst-case surrogate 
for UP water) were characterized using water samples collected the week of January 9, 
2017. In addition to characterizing the two separate water sources, these waters were 
combined in a 20:3 ratio (Mine to seep water) and characterized. Water chemistry of these 
three waters is shown in Table 3-1.  

3.2.1 Water Treatability Jar Tests  
Water treatability jar tests were performed using the two site waters and the combined site 
waters in a 20:3 ratio. The jar test protocol was developed using best professional 
judgement based on the site water chemistry and anticipated effluent requirements. Twelve 
different jar tests were undertaken on seep water and mixed water (mine to seep at 20:3) 
mimicking six different treatment processes consisting of: 

• pH adjustment to 9.0  

• pH adjustment to 9.0 plus aeration 

• pH adjustment to 9.0 plus aeration and filtration 

• pH adjustment to 10.5  

• pH adjustment to 10.5 plus aeration 

• pH adjustment to 10.5 plus aeration and filtration 

The lab test protocol describing the treatment processes is provided in Appendix 1. The jar 
tests were performed by Veolia Water under WET direction. 

The supernatant from each of the twelve jar tests was analyzed by Turner Laboratories for 
select anions and cations. Results of all twelve jar tests are summarized in Appendix 2, 
along with laboratory data from Turner Laboratories. Select results from the jar tests as 
well as potentially applicable Alum Gulch surface water quality standards that may be used 
as the basis for permit limits are shown in Table 3-1. Any discharge will be to a portion of 
Alum Gulch classified as ephemeral; Table 3-1 includes aquatic and wildlife EDW 
standards in the event they are used as the basis for permit limits pursuant to A.A.C. R18-
11-113. 
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Table 3-1 
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4.0 PROCESS DESIGN 

 PROCESS SUMMARY 
The selected treatment process for 100 percent mine water, 100 percent UP water, or a 
combination of both waters for a total combined flow of 120 gpm producing effluent 
capable of meeting potential effluent limits consists of pH adjustment to 10.5 followed by 
liquid/solids separation. This process is summarized as follows: 

• Mine water & UP water routed to equalization (EQ) tank. 

• Water from the EQ tank is routed to a reaction tank with agitator for pH adjustment 
to 10.5 using hydrated lime. 

• Water from the reaction tank is routed to a clarifier for liquid/solids separation. A 
flocculant is added to the clarifier to enhance hydroxide floc formation and settling. 

• Clarifier overflow is routed to a reaction tank for pH adjustment to less than 8.5 
using sulfuric acid. 

• Water from the acid reaction tank is pumped back to a tank or tanks for use in 
exploration, dust control, or mine (mill and mine operations) for re-use, or 
discharge to Alum Gulch. 

• Clarifier underflow sludge is primarily routed to a sludge thickening tank, with a 
portion of sludge recycled back to the lime reaction tank; 

• Thickening tank overflow is routed back to the lime reaction tank; 

• Thickening tank underflow is routed to a sludge filter press for dewatering; 

• Dewatered sludge is routed to the TSF for permanent storage; 

A block flow diagram (BFD) showing this treatment process is shown in Figure 4-1. 
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Figure 4-1 
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 PROCESS DESCRIPTION 
A description of the treatment process is described in the following paragraphs. Refer to 
the process flow diagram (PFD) and process and instrumentation diagrams (PID) in 
Appendix A for further information on equipment sizes, pipe sizes and materials, and 
instrumentation. Equipment data are found in the equipment data sheets contained in 
Appendix B. 

EQ Tank. Mine water and UP water are pumped at a combined flow rate of 120 gpm to 
the 10,000-gallon equalization (EQ) tank. These waters are co-mingled in this tank then 
routed via gravity through a tank overflow pipe to the reaction tank. Flow rates of mine 
water and UP water are both measured on the inlet piping to the EQ tank. 

Reaction Tank.  Water from the EQ tank overflow is piped to the 4,500-gallon reaction 
tank for pH adjustment using hydrated lime supplied from the lime system. This tank 
utilizes an agitator to ensure adequate lime mixing into solution with the untreated water. 
The pH is adjusted to a pre-determined set point, which for the purposes of this design is 
assumed to be 10.5 based on the jar testing described in previous sections. The amount of 
hydrated lime to be added based on the jar tests is 1.0 g/l; the actual lime addition rate will 
be determined upon WTP startup and commissioning.  The hydraulic residence time in the 
reaction tank is 30 minutes at the 120 gpm design flow. pH is measured using in the 
reaction tank. As the pH of the untreated water changes due to differing ratios of mine 
water to UP water, the amount of hydrated lime required to reach the pH set point will be 
adjusted based on the output signal from the pH probe controlling the amount of hydrated 
lime pumped from the lime system. pH adjusted water is routed via gravity through a tank 
overflow pipe to the clarifier. 

Hydrated Lime System. The lime system will utilize a silo sized to store 1,700 cubic feet 
of hydrated lime at 35 pounds per cubic feet. The silo includes a single discharge cone 
providing one feed train. The system includes a dry product metering system and dilution 
equipment to produce a lime slurry. Fresh water from the fresh water tank is used to make 
up the lime slurry. The lime slurry is pumped to the reaction tank for pH adjustment. The 
silo system will be controlled by a PLC and will include an operator interface with local 
indication of conditions and alarms. 

Fresh Water System. The fresh water system consists of a 2,000-gallon tank and 
forwarding pump. Fresh water is supplied to the tank from an on-site fresh water well. 
Fresh water is pumped to the lime system for dilution; Water is also pumped for use as 
service water in the WTP. 

Flocculation System. The flocculation system consists of a chemical tote containing a 
liquid anionic polymer flocculant and two chemical feed pumps. Flocculant is pumped to 
the clarifier to assist with particle flocculation. The amount of flocculant to be added based 
on the jar tests is 1.0 mg/l; the actual flocculant addition rate will be determined upon WTP 
startup and commissioning.  Flocculant is also pumped to the thickening tank to assist with 
thickening the solids in the tank.  
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Clarification. Water from the reaction tank overflow is fed to the clarifier for liquid/solids 
separation. Flocculant from the flocculation system is added to the clarifier center well to 
assist with hydroxide floc formation. As the flocs settle in the water column, an internal 
impeller circulates the solids within the center well to mix with incoming solids formed in 
the reaction tank. Solids separate in the water column within the tank and settle in the 
bottom of the tank. Clarified water overflows the internal weir at the top of the tank and is 
piped to the pH reaction tank. Sludge is formed in the clarifier as the gypsum and metal 
hydroxide solids formed in the reaction tank settle in the cone-shaped area of the clarifier 
bottom. The clarifier utilizes a slow-moving rake powered by a 1 h.p. motor to ensure the 
sludge continuously moves toward the center of the cone at the bottom of the clarifier. The 
sludge is pumped from the cone bottom to the sludge thickening tank. A portion of the 
pumped sludge is diverted back to the reaction tank where it mixes with the lime and 
untreated water. This sludge recycle helps solids formation to occur in the reaction tank as 
well as utilize un-reacted lime contained in the sludge.   

Final pH adjustment. Clarifier overflow is routed to pH adjustment tank for pH 
adjustment to 8.5 using sulfuric acid. The acid will be fed from the acid feed system. A pH 
probe in the tank will relay a signal to the acid feed pump to regulate the acid feed rate 
from the chemical feed pump. Overflow from the pH adjustment tank will be routed to the 
mine supply pump for use at the mine site or discharged to Alum Creek.   

Acid Feed System. The sulfuric acid system consists of a chemical tote containing 92% 
sulfuric acid, a chemical feed pump, and a secondary containment tray. The acid is pumped 
to the pH adjustment tank using a feed rate determined by the pH in the tank. 

Mine Supply Pump. Overflow from the pH adjustment tank is piped to the mine supply 
pump for use at the mine. This pump is rated at 20 h.p., with a flow rate of 120 gpm. 
Treated water not needed for mining is diverted through a tee to the discharge pipe for 
discharge into Alum Creek.  

Clarifier Sludge Forwarding Pump. Clarifier underflow sludge is pumped to the sludge 
thickening tank using an 1 h.p. centrifugal pump. The pump discharge is piped to the 
thickening tank, with a diversion valve in the pipe that enables some sludge to be recycled 
back to the reaction tank. The operator controls the amount of sludge recycle based on 
manual observation of solids formation in the reaction tank and subsequent settling in the 
clarifier. This is an iterative procedure that is undertaken as the mine water to UP water 
flow ratio changes. During periods of steady water ratios, the sludge recycle rate will 
remain constant.  

Sludge Thickening Tank. Sludge from the clarifier underflow is pumped to the sludge 
thickening tank. This tank has a cone shaped bottom and slow-moving rake to concentrate 
the sludge in the tank bottom. This allows water to separate from the solids to create a 
supernatant which then flows out of the tank through the effluent piping. The supernatant 
flows by gravity to the filtrate tank. The remaining sludge is expected to be greater than 
approximately 5 percent solids by weight. The thickened sludge is pumped from the tank 
bottom to the filter press. Anionic polymer is fed to this tank from the flocculation system. 
The flocculant feed rate will be optimized by the operator based on the actual sludge 
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production rate occurring in the clarifier, but is expected to be on the order of 2-5 mg/l of 
clarifier sludge. 

Thickened Sludge Forwarding Pump. Thickened sludge from the thickening tank is 
pumped to the filter press using a 0.75 h.p. progressive cavity pump. The pump operates in 
a non-continuous mode; that is, after the filter press completes a press cycle and is emptied 
the operator will manually engage this pump to remove sludge from the thickening tank 
and transfer it to the filter press for de-watering. 

Filter Press. The 30-cubic foot (cf) filter press receives thickened sludge from the 
thickening tank and removes the free water from the sludge during a press run. Sludge is 
pumped in-between filter panels by the thickened sludge forwarding pump. The press uses 
pressurized air to force the water filtrate from the sludge to produce a filter cake, expected 
to be greater than 25 percent solids by weight. The press run is complete when the filtrate is 
completely removed from the solids. The filtrate flows by gravity pipe to the filtrate tank. 
The de-watered solids are manually removed from the filter panels by the operator. The 
filter cake falls from the filter panels into a collection area beneath the press. The operator 
removes the filter cake from the collection area using a backhoe or skid-steer type bucket 
for transport to the TSF. The frequency of the press run will be determined once the WTP 
is under operation, but is not expected to be more often than once per operating shift.  

Filtrate Tank and Filtrate Pump. Supernatant from the sludge thickening tank and the 
filter press are routed by gravity to the filtrate tank. This tank supplies water to the 0.25 
h.p. filtrate pump which transfers supernatant from the filtrate tank to the reaction tank for 
further treatment.  

 PROCESS AND INSTRUMENTATION DIAGRAMS 
PIDs for the entire WTP process are included in Appendix A. 

 FACILITY GENERAL ARRANGEMENT 
The general arrangement of the WTP is shown on Sheet GA-101 in Appendix A. 

 MAJOR EQUIPMENT 
The major equipment list is shown on Sheet MEL-101 in Appendix A. 

The major equipment data are shown on Equipment Data Sheets in Appendix B. 

5.0 CHEMICAL FIRST FILL REQUIREMENTS 
Chemicals designated for use in the WTP include and their respective on-site storage 
capacities are: 

• Hydrated lime – 1,700 cubic feet, housed in the storage silo; 
• Anionic polymer flocculant -  250-gallon tote; and 
• Sulfuric acid – 330-gallon tote with secondary containment. 



 

Water Engineering Technologies, Inc.   

APPENDIX A 

PROCESS FLOW DIAGRAM 

PROCESS AND INSTRUMENTATION DIAGRAMS 

GENERAL ARRANGEMENT DIAGRAM 

MECHANICAL EQUIPMENT LIST 

  











































 

Water Engineering Technologies, Inc.   

APPENDIX B 

EQUIPMENT DATA SHEETS 



EDS A-100 Reaction Tank Mixer - EDS A-100 Mixer Page 1 of 1

EQUIPMENT DATA SHEET 

DATE Arizona Minerals Inc Water Treatment Plant
PROJECT

 
Equipment Type: Agitator

Item: Reaction Tank Mixer
Tag No. A-100

Manufacturer Lightin
Model 14Q2
Size 2 HP
Mounting Overhead, center
RPM 1200 rpm
Design BHP 2 hp
Coupling Type
Reaction Forces

Vertical (Direction) 1100 lb
Bending Moment 15000 in-lb
Torsional 3150 in-lb

Drive:
Reducer Model Number
Reducer Ratio 14.06
AGMA Service Rating
V-Belt Sheaves

Drive
Driven

Electric Motor:
Manufacturer
HP 2 hp
RPM 1200 rpm
Volts 230
Cycle 60
Phase 3
Temperature Rise (°C over 40 °C ambient) °C
Insulation Class
Enclosure TEFC
Frame Size 184TC
FLA

Impeller:
Quantity 1
Diameter 38 in
Type A510E
Material 316 SS
Lining
Speed 84 rpm

Shaft:
Material 316 SS
Diameter 2 in
Length 68.5 in
Lining
Static Runout of Shaft in/ft

Shaft/Impeller will operate at % of the System Critical Frequency

Seal Type

Lining: List Rubber Specification Used

Weight:
Shipping 464 lb
Heaviest Item for Installation 464 lb
Heaviest Item for Maintenance 464 lb
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Equipment Type: Agitator

Item: pH Adjustment Tank Mixer
Tag No. A-200

Manufacturer Lightin
Model X6Q150
Size 1.5 HP
Mounting Overhead, center
RPM 1725 rpm
Design BHP 1.5 hp
Coupling Type
Reaction Forces

Vertical (Direction) 510 lb
Bending Moment 8700 in-lb
Torsional 650 in-lb

Drive:
Reducer Model Number
Reducer Ratio 6
AGMA Service Rating
V-Belt Sheaves

Drive
Driven

Electric Motor:
Manufacturer
HP 1.5 hp
RPM 1725 rpm
Volts 230
Cycle 60
Phase 3
Temperature Rise (°C over 40 °C ambient) °C
Insulation Class
Enclosure TFEC
Frame Size
FLA

Impeller:
Quantity 1
Diameter 19 in
Type A310
Material 316 SS
Lining
Speed 280 rpm

Shaft:
Material 316 SS
Diameter 1 in
Length 56 in
Lining
Static Runout of Shaft in/ft

Shaft/Impeller will operate at % of the System Critical Frequency

Seal Type

Lining: List Rubber Specification Used

Weight:
Shipping 216 lb
Heaviest Item for Installation 216 lb
Heaviest Item for Maintenance 216 lb



EDS CL-100 Solids Contact Clarifier - EDS CL-100 Clarifier Page 1 of 2

EQUIPMENT DATA SHEET 

DATE 10-Apr-17
PROJECT: Arizona Minerals Inc Water Treatment Plant

 

EQUIPMENT TYPE Solids Contact Clarifier

Item: Mine water clarifier
Tag No. CL-100

FUNCTIONAL DESCRIPTION Liquid/solids separator to remove suspended solids from 
water stream

PROCESS DESIGN REQUIREMENTS

Design flow, gpm @ mgl/ TSS 135gpm @ 1,200 mg/l
Pressure ATM
Water temperature, °F 40-85

GENERAL

Pumped Liquid Water
Specific Gravity (SG) 1
pH 10.5

PROCESS TANKS

Diameter, feet-inches 14-0
Tank side wall height, feet-inches 16-0
Tank side wall water depth, feet-inches 15-0
Design flow rate 135 gpm
Location of use Inside

EQUIPMENT ASSEMBLY

Bridge structures Beam, mild steel
Bridge walkway type Full-span, 42" wide
Rake arm type Beam, 304LSS
Rake arm quantity 2
Tank type Anchor channel, steel bottom, false bottom, 304SS
Tank bottom slope 0:12
Shell thickness, inches 0.25
Floor thickness, inches 0.25
Shipping wieght, pounds TBD
Design style Shop assembled
Center Shaft diameter, inches 2, 304SS
Feedwell type Cylindrical
Feedwell diameter, feet 3
Impeller diameter,feet 1
Number of launders TBD
Inlet pipe diameter, inches TBD

DRIVE ASSEMBLY
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Continuous Torque 2000 ft-lbs
Rake tip speed 12 fpm
Rake motor size, h.p. 1
Motors, RPM/VAC/ph/Hz 1800/460/3/60
Impeller motor size,h.p. 1
Impeller speed, RPM 1-11 

Control Panel NEMA 4X, 304SS

SURFACE PREPARATION AND COATINGS

Non-submerged coating, 1st, 2nd Epoxy, Urethane
Drive, 1st, 2nd Epoxy, Urethane

INSTRUMENTATION
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EQUIPMENT TYPE Thickening Tank

Item: Thickening Tank
Tag No. CL-200

FUNCTIONAL DESCRIPTION Liquid/solids separator to thicken suspended solids in clarifier 
sludge

PROCESS DESIGN REQUIREMENTS

Design flow, gpm @ mgl/ TSS 10 gpm @ 20,000 mg/l
Pressure ATM
Water temperature, °F 40-85

GENERAL

Pumped Liquid Water
Specific Gravity (SG) 1
pH 10.5

PROCESS TANKS

Diameter, feet-inches 12-0
Tank side wall height, feet-inches 10-0
Tank side wall water depth, feet-inches 9-0
Design flow rate 10 gpm
Location of use Inside

EQUIPMENT ASSEMBLY

Bridge structures Half span
Bridge walkway type Beam design
Rake arm type Low-drag beam
Rake arm quantity 2
Tank type Anchor channel, steel bottom, false bottom, 304SS
Tank bottom slope 0:12
Shell thickness, inches 0.25
Floor thickness, inches 0.25
Shipping wieght, pounds TBD
Design style Shop assembled
Center Shaft diameter, inches 4"

DRIVE ASSEMBLY

Continuous Torque TBD
Rake tip speed TBD
Rake motor size, h.p. TBD
Motors, RPM/VAC/ph/Hz TBD
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Control Panel NEMA 4X, 304SS

SURFACE PREPARATION AND COATINGS

Non-submerged coating, 1st, 2nd Epoxy, Urethane
Drive, 1st, 2nd Epoxy, Urethane

INSTRUMENTATION
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EQUIPMENT TYPE Hydrated Lime System

Item: Lime System
Tag No. LS-100

Storage Silo
Material of Construction Steel
Diameter x Overall Height 12' x 32'
Manway

Size 24"
Location Roof

Cone Bottom Angle
Discharge Nozzle Size
Bin Activator (Option)
Quantity 1
Manufacturer TBD
Size 1700 cf
Model Number
Air Consumption
Electrical Requirement
Air Connection

Size 
Type

Fill Pipe
Diameter 4"
Wall Thickness sch 40
Material of Construction carbon steel

Bin Vent Filter
Manufacturer
Size 
Model Number
Area of Media
Media Material
Nominal Rating micron
Cleaning Device
Controls (Describe)
Electrical Enclosure

Feeder
Manufacturer/Model
Maximum Capacity
Minimum Capacity
Motor HP
SCR Drive Manufacturer

Slurry Tank
Capacity 200 gal
Diameter
Height
Materials of Construction 304 SS
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EQUIPMENT TYPE Hydrated Lime System

Item: Lime System
Tag No. LS-100

Agitator
Manufacturer/Model
Motor 480V/3PH/60HZ
RPM
Motor HP 2

Instrumentation
Level Probes
Flowmeters
Programmable Controller

Number of Pieces to Assemble

Largest Component for:
Shipping lb
Erection lb
Maintenance lb

Largest Piece for Shipping ft x ft x ft
Number of Boxes Shipped
Total Shipping Volume
Total Shipping Weight
Heaviest Item Handled for Erection
Heaviest Item Handled for Maintenance
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EQUIPMENT TYPE Submersible Pump

Item: Mine Water Pump
Tag No. P-100A, P-100B

OPERATING DATA

Pumped Liquid Water
Liquid Temperature, °F 50
Specific Gravity (SG) 1
pH 5.8
Flow Rate, gpm 60
Total Dynamic Head, feet 150

MATERIALS

Pump 304 Stainless Steel
Impeller 304 Stainless Steel
Motor

INSTALLATION

Pump outlet, " NPT 2

ELECTRICAL DATA

Rated Power, HP 5
Frequency, Hz 60
Phase 3
Voltage, V 460
Rated Speed, RPM 3460

OTHERS

VFD P-100A yes
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EQUIPMENT TYPE Horizontal Centrifugal Pump

Item: Underdrain Pond Pump
Tag No. P-101

OPERATING DATA

Pumped Liquid TSF Underdrain Water and Stormwater
Liquid Temperature, °F 40-85
Specific Gravity (SG) 1.00
pH 5.8 - 6.5
Flow Rate, gpm 120
Total Dynamic Head, feet 100

MATERIALS

Pump 304 Stainless Steel
Impeller 304 Stainless Steel
Motor

INSTALLATION Outside

Pump outlet, " NPT TBD

ELECTRICAL DATA

Rated Power, HP 7
Frequency, Hz 60
Phase 3
Voltage, V 460
Rated Speed, RPM 3460

OTHERS
VFD Yes
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EQUIPMENT TYPE Horizontal Centrifugal Pump

Item: Reaction Tank Forwarding Pump
Tag No. P-102

OPERATING DATA

Pumped Liquid Water
Liquid Temperature, °F 40-85
Specific Gravity (SG) 1.0
pH 10.5
Flow Rate, gpm 145.5
Total Dynamic Head, feet 25

MATERIALS

Pump 304 SS
Impeller 304 SS
Motor

INSTALLATION Inside

Pump outlet, " NPT TBD

ELECTRICAL DATA

Rated Power, HP 1
Frequency, Hz 60
Phase 3
Voltage, V 240
Rated Speed, RPM TBD

OTHERS
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EQUIPMENT TYPE Horizontal Centrifugal Pump

Item: Sludge Pump
Tag No. P-103

OPERATING DATA

Pumped Liquid Clarifier sludge
Liquid Temperature, °F 40-85
Specific Gravity (SG) 1.02
pH 10.5
Flow Rate, gpm 26
Total Dynamic Head, feet 25

MATERIALS

Pump TBD
Impeller TBD
Motor

INSTALLATION Inside

Pump outlet, " NPT TBD

ELECTRICAL DATA

Rated Power, HP 1
Frequency, Hz 60
Phase 3
Voltage, V 240
Rated Speed, RPM TBD

OTHERS
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EQUIPMENT TYPE Progressive Cavity Pump

Item: Filter Press Feed Pump
Tag No. P-104

OPERATING DATA

Pumped Liquid Water
Liquid Temperature, °F 40-85
Specific Gravity (SG) 1.1
pH 10.5
Flow Rate, gpm 45
Total Dynamic Head, feet 45

MATERIALS

Pump 304 SS
Impeller 304 SS
Motor

INSTALLATION Inside

Pump outlet, " NPT TBD

ELECTRICAL DATA

Rated Power, HP 0.75
Frequency, Hz 60
Phase 3
Voltage, V 240
Rated Speed, RPM TBD

OTHERS
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EQUIPMENT TYPE Horizontal Centrifugal Pump

Item: Filtrate Pump
Tag No. P-105

OPERATING DATA

Pumped Liquid Water
Liquid Temperature, °F 40-85
Specific Gravity (SG) 1.0
pH 10.5
Flow Rate, gpm 15
Total Dynamic Head, feet 25

MATERIALS

Pump 304 SS
Impeller 304 SS
Motor

INSTALLATION Inside

Pump outlet, " NPT 2

ELECTRICAL DATA

Rated Power, HP 0.25
Frequency, Hz 60
Phase 3
Voltage, V 240
Rated Speed, RPM TBD

OTHERS
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EQUIPMENT TYPE Chemical Feed Pump

Item: Sulfuric acid feed pump
Tag No. P-108

OPERATING REQUIREMENTS

Utility Requirements
Voltage, V 110
Phase 1
Frequency, Hz 60

Environment:
Indoor/outdoor Indoor
Corrosive No

General Requirements
Pump 1 x 100%, each
Flow rate, gph TBD
Motor h.p./rpm TBD
Speed control local/PLC
Inlet/Outlet diameter, inches TBD
Maturation tank N/A
Valves TBD

Notes
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EQUIPMENT TYPE Horizontal Centrifugal Pump

Item: Re-use Pump
Tag No. P-109

OPERATING DATA

Pumped Liquid Water
Liquid Temperature, °F 40-85
Specific Gravity (SG) 1.0
pH 8.5
Flow Rate, gpm 120
Total Dynamic Head, feet 350

MATERIALS

Pump 304 SS
Impeller 304 SS
Motor

INSTALLATION Inside

Pump outlet, " NPT TBD

ELECTRICAL DATA

Rated Power, HP 20
Frequency, Hz 60
Phase 3
Voltage, V 240
Rated Speed, RPM TBD

OTHERS
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EQUIPMENT TYPE Horizontal Centrifugal Pump

Item: Fresh Water Pump
Tag No. P-111

OPERATING DATA

Pumped Liquid Water
Liquid Temperature, °F 40-85
Specific Gravity (SG) 1.0
pH 7
Flow Rate, gpm 10
Total Dynamic Head, feet 20

MATERIALS

Pump 304 SS
Impeller 304 SS
Motor

INSTALLATION Inside

Pump outlet, " NPT 2

ELECTRICAL DATA

Rated Power, HP 0.25
Frequency, Hz 60
Phase 3
Voltage, V 240
Rated Speed, RPM TBD

OTHERS
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EQUIPMENT TYPE Carbon Steel Storage Tank

Item: Equalization Tank
Tag No. TK-100

FUNCTIONAL DESCRIPTION Mixing and equalization of mine water and 
Underdrain Pond water

GENERAL REQUIREMENTS
Location, Inside/outside Outside
Tank life, years 20
Standard design guidelines AWWA, NSF

FLUID PARAMETERS
Fluid Description Water
Specific Gravity 1
Fluid Temperature Range, °F 40-90
pH 5.8-6.5
Solids Content N/A
Particle Size N/A

TANK PARAMETERS
Diameter, feet-inches 9-0
Height, feet-inches 20-0
Nominal Volume, gallons 10,000
Working Volume, gallons 10,000
Material of Construction carbon steel, bolted or welded
Bottom Option Flat bottom
Minimum Thickness:

Shell
Bottom

Baffles None
Foundation to be Provided By Owner
Exterior Paint Epoxy coated

FLANGE OPENINGS
Inlet diameter, inches 4
Inlet diameter, inches
Probe diameter, inches TBD
Outlet diameter, inches 4
Outlet diameter, inches 4
Drain diameter, inches 4
Overflow diameter, inches 4
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EQUIPMENT TYPE Reaction Tank

Item: Reaction Tank
Tag No. TK-200

GENERAL REQUIREMENTS
Location, Inside/outside Inside
Tank life, years 20

FLUID PARAMETERS
Fluid Description Water
Specific Gravity 1
Fluid Temperature Range, °F 40-85
pH 10.5
Solids Content
Particle Size

TANK PARAMETERS
Diameter, feet-inches 12-0
Height, feet-inches 6-0
Nominal Volume, gallons 4,500
Working Volume, gallons 4,500
Material of Construction High Density Polyethylene
Corrosion Allowance
Minimum Thickness:

Shell
Bottom
Roof

Roof Open top
Bottom Flat
Upcomers N/A
Baffles Three
Foundation to be Provided By others
Exterior Paint NA

FLANGE OPENINGS
Inlet diameter, inches
Inlet diameter, inches N/A
Manhole diameter, inches N/A
Probe diameter, inches N/A
Outlet diameter, inches 4
Outlet diameter, inches
Drain diameter, inches 4
Overflow diameter, inches 4
Vent diameter, inches
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EQUIPMENT TYPE pH Adjustment Tank

Item: pH Adjustment Tank
Tag No. TK-300

GENERAL REQUIREMENTS
Location, Inside/outside Inside
Tank life, years 20

FLUID PARAMETERS
Fluid Description Water
Specific Gravity 1
Fluid Temperature Range, °F 40-85
pH 8.5
Solids Content
Particle Size

TANK PARAMETERS
Diameter, feet-inches 8-0
Height, feet-inches 5-7
Nominal Volume, gallons 2,000
Working Volume, gallons 2,000
Material of Construction High Density Polyethylene
Corrosion Allowance
Minimum Thickness:

Shell
Bottom
Roof

Roof Open top
Bottom Flat
Upcomers N/A
Baffles None
Foundation to be Provided By others
Exterior Paint NA

FLANGE OPENINGS
Inlet diameter, inches
Inlet diameter, inches N/A
Manhole diameter, inches N/A
Probe diameter, inches N/A
Outlet diameter, inches 2
Outlet diameter, inches
Drain diameter, inches 2
Overflow diameter, inches 2
Vent diameter, inches
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EQUIPMENT TYPE Filtrate Tank

Item: Filtrate  Tank
Tag No. TK-400

GENERAL REQUIREMENTS
Location, Inside/outside Inside
Tank life, years 20

FLUID PARAMETERS
Fluid Description Water
Specific Gravity 1
Fluid Temperature Range, °F 40-85
pH 10.5
Solids Content
Particle Size

TANK PARAMETERS
Diameter, feet-inches 5-4
Height, feet-inches 6-0
Nominal Volume, gallons 900
Working Volume, gallons 900
Material of Construction High Density Polyethylene
Corrosion Allowance
Minimum Thickness:

Shell
Bottom
Roof

Roof Open top
Bottom Flat
Upcomers N/A
Baffles None
Foundation to be Provided By others
Exterior Paint NA

FLANGE OPENINGS
Inlet diameter, inches
Inlet diameter, inches N/A
Manhole diameter, inches N/A
Probe diameter, inches N/A
Outlet diameter, inches 2
Outlet diameter, inches
Drain diameter, inches 2
Overflow diameter, inches 2
Vent diameter, inches
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EQUIPMENT TYPE Water Tank

Item: Fresh Water Tank
Tag No. TK-700

GENERAL REQUIREMENTS
Location, Inside/outside Inside
Tank life, years 20

FLUID PARAMETERS
Fluid Description Water
Specific Gravity 1
Fluid Temperature Range, °F 40-85
pH 7
Solids Content
Particle Size

TANK PARAMETERS
Diameter, feet-inches 8-0
Height, feet-inches 5-7
Nominal Volume, gallons 2,000
Working Volume, gallons 2,000
Material of Construction High Density Polyethylene
Corrosion Allowance
Minimum Thickness:

Shell
Bottom
Roof

Roof Open top
Bottom Flat
Upcomers N/A
Baffles None
Foundation to be Provided By others
Exterior Paint NA

FLANGE OPENINGS
Inlet diameter, inches
Inlet diameter, inches N/A
Manhole diameter, inches N/A
Probe diameter, inches N/A
Outlet diameter, inches 2
Outlet diameter, inches
Drain diameter, inches 2
Overflow diameter, inches 2
Vent diameter, inches
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Attachment E

VRP Active Water Treatment System and Lined Tailing and Potentially Acid (PAG) Material Storage and Placement 

Task Jan 2017 Feb 2017 Mar 2017 Apr 2017 May 2017 Jun 2017 Jul 2017 Aug 2017 Sep 2017 Oct 2017 Nov 2017 Dec 2017 Jan 2018 Feb 2018 Mar 2018 Apr 2018 May 2018

1

2

3

4 ASARCO Tailing and PAG Waste Rock Storage Liner Engineering and Design

5

6

7

8

9

10

Task Description

ASARCO January Adit (Norton Mine) and Trench Camp - VRP Site Code #505143-02

Construct Active Water Treatment Plant and Commission

APP Lined Tailing Design Review and Permitting

Install Liner, Re-Handle and Place Historic Tailings and PAG Material on Liner

Project Management

ASARCO Tailing Geotechnical and Geophysical Studies

Active Water Treatment Treatability Studies and Design

VRP Work Plan Submittal

Work Plan Review and Public Notice and Comment Period

AZPDES Water Treatment Plant Design Review and Permitting 
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NOTICE OF 45-DAY PUBLIC COMMENT PERIOD 

ASARCO JANUARY ADIT (NORTON MINE) 

VOLUNTARY REMEDIATOIN PROGRAM (VRP) SITE 

REMEDIAL ACTION WORK PLAN 

 
The Arizona Department of Environmental Quality (ADEQ) has received a work plan for remedial 

actions to be conducted at the ASARCO January Adit (Norton Mine) VRP Site (VRP Site Code 505143-

02). The Work Plan was submitted in accordance with Arizona Revised Statutes (A.R.S.) §49-175 and 

§176.  The Work Plan will address mine influenced water discharges from the January Mine Adit and 

seepage from historic tailing piles at the Trench Camp, Norton, and January Mine properties. This will be 

achieved through the following elements that are described in the Work Plan: 

 An active water treatment plant (WTP) will be constructed to treat discharges from the January 

Mine workings and solutions captured in the underdrain collection pond from the historic 

tailings, waste rock, and precipitation that falls within the lined facility. 

The work plan is available for review online at: http://www.azdeq.gov/notices, at the Patagonia Public 

Library, 346 Duquesne Ave., Patagonia (520) 394-2010 and at the ADEQ Records Center, 1110 W. 

Washington St., Phoenix, (602) 771-4380, or (800) 234-5677, ext. 6022345677. Please call for hours of 

operation and to schedule an appointment. 

PARTIES WISHING TO SUBMIT WRITTEN COMMENTS regarding the Work Plan for the 

ASARCO January Adit (Norton Mine) VRP Site may do so to Arizona Mining Inc., attn: Johnny Pappas 

at 3845 North Business Center Drive, Suite 115, Tucson, AZ 85705. Comments may also be submitted to 

ADEQ, attn: John Patricki, VRP, 1110 W. Washington St., Phoenix, AZ 85007, or jp10@azdeq.gov and 

reference this listing. Comments must be postmarked to Arizona Minerals and/or ADEQ no later 

than June 19, 2017. 

Dated this 5 and 12 day of May, 2017 

 

Johnny Pappas, Arizona Mining Inc. 

ADEQ will take reasonable measures to provide access to department services to individuals with limited 

ability to speak, write, or understand English and/or to those with disabilities. Requests for language 

interpretation services or for disability accommodations must be made at least 48 hours in advance by 

contacting: 7-1-1 for TDD; (602) 771-2215 for Disability Accessibility; or Ian Bingham, Title VI 

Nondiscrimination Coordinator at (602) 771-4322 or idb@azdeq.gov. Disclaimer: Any ADEQ 

translation or communication in a language other than English is unofficial. 

ADEQ tomará medidas razonables para proveer acceso a los servicios del departamento para personas 

con capacidad limitada para hablar, escribir o entender Inglés y / o para las personas con discapacidad. 

Las solicitudes de servicios de interpretación del lenguaje o de alojamiento de discapacidad deben hacerse 

por lo menos 48 horas de antelación poniéndose en contacto con Ian Bingham, Title VI 

Nondiscrimination Coordinator al (602) 771-4322 o idb@azdeq.gov. Cualquier traducción o 

comunicado de ADEQ en un idioma diferente al inglés no es oficial 

http://www.azdeq.gov/notices
mailto:jp10@azdeq.gov
mailto:idb@azdeq.gov
mailto:idb@azdeq.gov



