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SOLUTION MINING WELLS

The U.S. Environmenta Protection Agency (USEPA) conducted a study of ClassV
underground injection wells to develop background information the Agency can use to evaluate the risk
that these wells pose to underground sources of drinking water (USDWSs) and to determine whether
additiond federa regulation iswarranted. The fina report for this study, which is called the ClassV
Underground Injection Control (UIC) Study, conssts of 23 volumes and five supporting appendices.
Volume 1 provides an overview of the study methods, the USEPA UIC Program, and genera findings.
Volumes 2 through 23 present information summearies for each of the 23 categories of wdlsthat were
studied (Volume 21 covers 2 well categories). Thisvolume, which isVolume 12, covers ClassV
solution mining wells

1. SUMMARY

Solution mining wells are used to inject afluid (lixiviant) into underground mines to dissolve
minera vaues from the ore. The resulting “pregnant” solution is then brought to the surface, through
separate wells, for subsequent recovery of the dissolved minerd being produced. Solution mining wells
that are currently regulated under the federa definition of ClassV injection wdls are used in the
recovery of copper, uranium, and potentidly other mineras, from mines that have dready been
conventionaly mined, through the injection of solutions of sodium bicarbonate or sulfuric acid in ground
water or recirculated mine water. When solution mining techniques are used to extract mineras from
ore bodies that have not been conventionally mined, the injection wells are classified as Class 11
injection wells under USEPA regulaions.

The characterigtics of the injected solution are highly dependent on those of the ore body being
mined because a variety of metas present in the ore body are incorporated into the solution asit goes
through repeated cycles of injection, extraction, and reinjection. Data on the composition of solution
mining fluids indicate that the concentrations of sulfate, molybdenum, radium, selenium, arsenic, lead,
and uranium exceed primary drinking water maximum contaminant levels (MCLs) or hedlth advisory
levels (HALS). Concentrations of total dissolved solids (TDS), chloride, manganese, duminum, iron,
aulfate, and zinc have been measured above the secondary MCLs. Site-specific factors determine
which constituents exceed one or more of the standards.

In many cases, the hydrogeology of the injection zone, or mined ore body, has already been
dtered by ground water pumping as well as previous mining. In uranium mining, for example, the
formation is awater-bearing sandstone. As part of solution mining operations, ground water flow is
normally modified to create a drawdown, or zone of depression, o that the injected lixiviant isretained
in the leaching zone for subsequent recovery.

No ground water contamination incidents have been identified that are directly attributable to
Class V solution mining injection wells. However, the fluids injected into these wells inherently contain
avariety of metals a concentrations above MCLs or HALS, and contamination resulting from a
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combination of mining-related activities has been reported a severd Stes. Elevated concentrations of
metals have been observed in ground water in the vicinity of solution mining operations, but complex
hydrogeology and other mining and mining-related activities make it difficult to atribute the causeto a
specific activity, such as solution mining injection wells. At Sites where solution mining injection wells
are used, the likelihood that ground water contamination will result is dependent primarily on overal
mining operations rather than the specific congtruction and operationd practices of the injection wells,
Specificaly, the chance of migration of the solubilized metas from the injection zone depends on the
effectiveness of measures like ground water pumping and monitoring that are used to ensure that the
leaching solution is contained within the in situ leaching zone.

No information was collected that indicates these wells are vulnerable to recaive saills or illicit
discharges.

The state and USEPA Regiond survey results indicate that there are 2,694 documented
solution mining wellsin the U.S. (no more were estimated, indicating that there is substantial confidence
in this documented number). Eight of these wells are associated with a uranium mine in New Mexico;
the remaining wells occur a two copper minesin Arizona. Wdls a one solution mining operation in
Potash, Utah that meet the federd ClassV definition are not included in this report because they are
regulated by the state as Class 111 wells. Another solution mining well in Colorado that was initidly
permitted as an experimental ClassV wdl is consdered aClass 111 well. The prevaence of ClassV
solution mining wells in the future depends on awide range of factors such as commodity prices and the
development of lower cost mining and beneficiation processes.

Both Arizonaand New Mexico control solution mining through the use of individud permits,
athough in Arizona, where the UIC program is implemented by USEPA Region 9, the state uses an
Aquifer Protection Permit rather than a UIC permit. Both states have operating and monitoring
requirements. Arizona aso places requirements on construction and maintenance practices, and
financid assurance must be demonsirated.

2. INTRODUCTION

The exiging UIC regulationsin Title 40 of the Code of Federa Regulations (CFR) define Class
V injection wells to include “wells used for solution mining of conventional mines such as sopes
leaching” (40 CFR 146.5(e)(13)). Classllil injection wells, which are defined by 40 CFR 146.5(c),
include injection wells used in extraction of sulfur by the Frasch process and in situ production of
metals and other materials from ore bodies that have not been conventiondly mined. The scope of this
document is limited to injection wellsregulated as Class V wdlls, i.e,, wells used for injection into
previoudy mined ore bodies.

The digtinction between Class |11 and Class V solution mining injection wells was established in

revisons to the UIC Technical Criteria and Standards (40 CFR 146) published on August 27, 1981
(46 FR43156). USEPA made this digtinction because the designs of some injection wells used in
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solution mining of previoudy mined ore bodies prevent the wells from meeting requirements gpplicable
to ClassII injection wells. In particular, injection wells used in solution mining of previoudy mined ore
bodies may function as “verticd sprinklers’ by didributing injected fluid throughout their length (much of
which may he horizontal or angled, rather than vertica).! In such an application, the wells by design are
unable to comply with the mechanicd integrity requirements gpplicable to Class 111 injection wells. A
gpecific example of a solution mining technique that uses Class V injection wellsis called stopes
leaching, in which fluids are circulated through the stopes (mined areas) of a conventiond mine to
dissolve minerds for subsequent extraction and recovery. Copper and uranium are examples of metas
that are mined usng Class VV solution mining wells, but not necessarily using the stopes leaching
technique.

3. PREVALENCE OF WELLS

For this study, data on the number of Class V' solution mining wells were collected through a
survey of state and USEPA Regiond UIC Programs. The survey methods are summarized in Section 4
of Volume 1 of the ClassV Study. Table 1 ligts the numbers of Class V solution mining wellsin esch
date, as determined from this survey. The table includes the documented number and estimated
number of wellsin each state, dong with the source and basis for any estimate, when noted by the
survey respondents. If agtateis not listed in Table 1, it means that the UIC Program responsible for
that state indicated in its survey response thet it did not have any ClassV solution mining wells.

In early 1999, atotd of 2,694 ClassV solution mining wells were reported in the U. S, and
these are located in two states, New Mexico and Arizona. Asindicated in Table 1, dl of these
reported Class V solution mining wells are located &t three facilities: two copper minesin Arizona
(1882 wdls and 804 wedlls) and one uranium mine in New Mexico (8 wells). The facility in New
Mexico, which islocated in the Amborosia L ake area gpproximately 15 miles north of Grants and
operated by Quivira Mining Company, has a permit that would allow construction of up to 12 injection
wells (Yuhas, 1999). In Arizona, the facility with 1882 active wdls plans to congtruct 60 new wellsin
1999 and the facility with 804 active wells plans to construct 171 additiona wellsin 1999 (BHP
Copper, 1999a, 1999b). Some other states, such as Wyoming, choose to impose requirements more
gringent than the federd requirements by regulaing al solution mining wells as Class 111 wels. Only
wells regulated primarily as Class V (rather than Class 111) solution mining wells are included in this
document.?

! The injected fluid, which dissolves the target meta from the surrounding ore body, is then collected
and extracted through other wells or from underground mine workings in which the fluid collects.

2 A solution mining well that was originally classified as an experimental well in USEPA Region 8 is
being reclassified as a Class |11 solution mining well.
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Table 1. Inventory of ClassV Solution Mining Wellsin theU. S.

Documented Estimated Number of Wells

State
Number of Wells

Number Sour ce of Estimate and M ethodology

USEPA Region 1 -- None

USEPA Region 2 -- None

USEPA Region 3 -- None

USEPA Region 4 -- None

USEPA Region 5 -- None

USEPA Region 6

NM 8 8 N/A

USEPA Region 7 -- None

USEPA Region 8 -- None

USEPA Region 9

AZ 2,686 2,686 N/A

USEPA Region 10 -- None

All USEPA Regions

All States 2,694 2,694 N/A

N/A Not available.

4. INJECTATE CHARACTERISTICS AND INJECTION
PRACTICES

4.1  Injectate Characteristics

Using chemica solutions to dissolve and then extract subsurface metalsis termed solution
mining or in situ leaching. Solution mining is used to extract awide range of minerds, but only uranium
and copper mining activities currently use injection wells that are included in the Class V subcategory of
solution mining wels, based on the inventory information presented in Section 3 above. The lixiviants
(injected fluids) usad in uranium solution mining operations include sodium bicarbonate and/or sulfuric
acid solutions.  For copper solution mining, sulfuric acid is the primary active ingredient in the lixiviant.

September 30, 1999 4



4.1.1 Uranium

The Quivira Mining Company uranium mine performs stopes leaching in previoudy mined arees
to extract uranium from the Westwater Canyon sandstone formation. Lixiviant composed of ground
water, sodium bicarbonate, and/or sulfuric acid,® and recirculated mine water is circulated (injected and
extracted) through the workings of 8 underground uranium mines (New Mexico Environment
Department, 1997). Asshown in Table 2, andyses of stopes leaching fluid samples collected in 1998
indicate that chloride, sulfate, TDS, manganese, molybdenum, radium, sdenium, and uranium are
present at concentrations that exceed MCLs or HALs. Detection limits for available data for arsenic,
beryllium, and cadmium were above the MCL or HAL for these condtituents so it is unclear whether
these congtituents are present a concentrations above MCLs or HALS.

4.1.2 Copper

BHP Copper, Inc. owns and operates Class V solution mining wells a the company’s Pinto
Vdley and San Manuel mining facilities. Data on the chemica characteridtics of the fluids injected into
these wells were not available for inclusion in this report. Data on the composition of ground water
samples collected within the in situ area sub-basin, which are thought to be indicative of injectate
characterigtics, are shown in Table 3. As shown, concentrations of sulfate, TDS, duminum, arsenic,
iron, manganese, lead, and zinc are above applicable drinking water sandards or hedth advisory levels
(i.e, MCLsor HALS).

4.2 Wel Characteristics
4.2.1 Uranium

At the Quivera Ambrosa L ake old stope mining ares, lixiviant isinjected into thein situ
leaching zone through polyvinyl chloride (PVC) tubing. Bore holes are drilled from the ground surface
into the mine workings, which are approximately 300 to 500 feet below the surface. Tubing isthen run
down the holes and lixiviant isinjected by gravity through the tubing into the mine with the bottom of the
tubing oriented such that the injectate is Sorayed onto the walls of the mine workings (Yuhas, 1999).

4.2.2 Copper

Solution mining for copper extraction following underground mining activity isillusrated in the
schematic provided in Figure 1. (The heap leaching operation shown in Figure 1 is an optiona €ement
that may not be part of dl solution mining operations)

3 Subsurface conditions are such that sulfuric acid addition is not routinely required to maintain the
desired pH.
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Table 2. Uranium Stope L eaching Fluid Characteristics
(concentrationsin mg/l except as noted)

. Drinking Water Standards Health Advisory Level . .
Constituent Leaching Fluid
g pS: g/ CIN*

Total Ra-226 5** P 20 ** C 128.0 pCi/L
Total Ra-228 5** P 20 ** C 1.60 pCi/L
Potassium - -- 24.1
Sodium - -- 375
Calcium - -- 382
Magnesium - -- 107
Chloride 250 S -- 429
Sulfate 500 P -- 1,370
pH 6.5-85 S -- 8
TDS 500 S -- 3,010
Aluminum 0.05-0.2 S -- <0.1
Arsenic 0.05 P 0.002 C <0.025
Barium 2 P 2 N <0.1
Beryllium 0.004 P 0.0008 C <0.05
Boron - 0.6 N 0.2
Cadmium 0.005 P 0.005 N <0.1
Calcium - -- 380
Chromium 0.1 P 01 N <0.1
Cobalt - -- <0.05
Copper 13 P -- <0.1
Iron 0.3 S -- <0.1
Magnesium - -- 120
Manganese 0.05 S -- 0.22
Molybdenum - 0.04 N 0.2
Nickel 0.1 P 0.1 N <0.1
Selenium 0.05 P -- 0.7
Silicon - -- 5.8
Silver 0.1 S 0.1 N <0.1
Strontium -- 17 N 9
Tin - -- <0.1
Uranium 0.02 P -- 26
Vanadium - - <0.1
Zinc 5 S 2 N <0.1

* P=primary; S=secondary; N=non-cancer; C=cancer
** Standard is for Radium 226 & 228 combined; units are pCi/L.
Source: New Mexico Environment Department, 1998
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Table 3. Ground Water Quality Within theln Situ Area at Pinto Valley (Miami Unit)
(concentrationsin mg/l)
Drinking Water Standards  Health Advisory Levels Well A* Well B*

Constituent (mg/l) PIS * (mg/l) N/C**  521/96 91096 8596 9/11/96
Calcium 354 251 510
Magnesium 32 27 290
Potassium 7 6 30
Sodium 251 25 50
Chloride 250 S 11 13 30
Sulfate 500 P 870 750 2740 4200
Fluoride 4 P 0.2 0.4 28 50
Nitrate 10 P 0.02 0.02 0.89 0.16
Nitrite 1 P <0.01 <0.01 <0.01 <0.01
Slica 64 58 110
TDS 500 S 1360 1180 6090
pH (std. units) 6.5-85 S 6.6 6.7 43 41
Silver 0.1 S 0.1 N 0.007 <0.03 <0.3
Aluminum 0.05-0.2 S 184 2.9 112
Arsenic 0.05 P 0.002 C 0.106 0.062 0.035
Barium 2 P 2 N 0.03 0.11 0.2
Beryllium 0.004 P 0.0008 <0.002 <0.01 0.4
Bromide <0.03 <0.03 <0.03
Cadmium 0.005 0.005 N <0.003 <0.02 <0.02 <0.2
Cyanide 0.2 0.2 N <0.01 <0.01 <0.01
Cobalt <0.01 <0.05 13
Chromium 0.1 P 0.1 N 0.04 <0.05 <0.2 <0.5
Copper 13 P 0.42 0.28 99.3 210
Iron 0.3 S 2,77 27.9 240 479
Mercury 0.002 P 0.002 N <0.0002 <0.0002 0.0007
Lithium 0.06 <0.1 <1
Manganese 0.05 0.487 0.76 48.5 68.7
Nickel 0.1 0.1 N 0.02 <0.1 16
Lead 0.015 0.04 0.1 0.1 <1
Phosphate 0.04 <0 0.21
Antimony 0.006 P 0.003 N <0.002 0.002 0.01
Sdlenium 0.05 P <0.001 <0.001 0.007
Thallium 0.002 P 0.0005 N <0.002 <0.002 <0.002
Zinc 5 S 2 N 0.02 82 6.27 89

* Well A isMU-955; well B is MU-962

** P=primary; S=secondary; N=non-cancer; C=cancer

Source WQAREF, 1996.
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Figure1l. Copper Solution Mining Facility
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Source: Solution Mining Corporation, 1998.

At the Pinto Vdley (Miami Unit) fadility, Class V solution mining wells are located within a
subsidence zone created by underground mining and portions of the injection well field arelocated in an
areathat has been mined by open pit methods. The 1882 active wells (as of 2/10/99) are typically
congdructed of 1-1/2 inch diameter polyvinyl chloride casing with 1/4 inch holes drilled approximately
one per foot (BHP Copper, 19993). The casing extends to depths ranging from approximately 20 to
891 feet below land surface. Injected solutions are recovered from arecovery well located in the
injection well field and are pumped from levels within the underground mine (Turner, 1999a).

The San Manud solution mining injection wels, like the wdls a the Pinto Vdley fadility, are
surrounded by a subsidence area created by underground mining. The wells are within a copper oxide
open pit minethat directly overlies a sulfide underground mine where ore was extracted using block-
caving methods. The ore body lies about 2,500 to 4,000 feet below the surface (BHP Copper, 1999b
and 1999c¢), with an average rubblized (broken up) thickness of 1,625 feet (Schmidt, 1989). Injection
wells at thisfacility are either associated with awell-to-well circuit, referred to as surface recovery, or a
wdll-to-underground circuit, referred to as underground recovery. Typicd surface recovery injection

September 30, 1999 8



wells are congtructed using 6 inch PV C casing and gpproximately 200 feet of well screen or dotted
pipe to depths ranging from 300 to 800 feet below ground surface (bgs). Underground recovery
injection wel congtruction is amilar, however the wells extend to 1,200 bgs or greater (Turner, 1999b).

Approximately 80 percent of the injected solution is recovered via production wells that are
part of awdl-to-well circuit. The baance of injected solution is recovered in the underground circuit
through collection in containment structures at the 2675, 2375, and 1475 haulage levels® whereit is
pumped to the surface for processing (Turner, 1999b).

4.3  Operational Practices

The Ambrosia Lake uranium mine circulates (injects and extracts) up to 1,440,000 gallons per
day of lixiviant composed of ground water, sodium bicarbonate, and/or sulfuric acid,® and recirculated
mine water through the workings of 8 underground uranium mines using Class V wdlswith gravity flow
(New Mexico Environment Department, 1997). Injectateis collected in the mine workings through
gravity flow into drains, and pumped to a uranium mill for processing. Thelixiviant used at thisfadlity is
recycled water from the mine, which is sufficiently acidic (without the addition of acid) to dissolve
uranium from the sandstone. To maximize recovery of the lixiviant, ground water withdrawa is used to
maintain ground water flow toward the mine (and leaching zone) (Yuhas, 1999).

At the copper production facilities that use Class V solution mining wells, the wells are operated
manualy under gravity flow conditions and no injection pressure is gpplied (BHP Copper, 1999a). The
wells are designed to maximize contact of the leaching solution with the surrounding rock massin the
vadose zone, S0 mechanicd integrity testing is not required (Turner, 1999a, 1999b).

The Pinto Vdley Operation, Miami Unit, which islocated in Gila County, began producing
copper using in situ leaching of formerly block caved and conventionaly mined copper oxide ore body
in 1941.% Leach solution is pumped through high dendity polyethylene piping into the in-situ wellfield
and injected into more than 30 miles of old underground workings and then is pumped to the surface for
copper recovery (WQARF, 1996). Currently, the combined injection rate is gpproximately 3,300
gdlons per minute for dl active in-gitu injection wells. Theinjection well field islocated in an areathat is
aregiond hydraulic ank. Asaresult, ground water flows are toward the underground workings,
recovery well, and mine shaft, which make up the recovery sysem (Turner, 1999a).

4 The levelsin the mine dong or inside the ore body or closely paralld to it that are used to transport
the mineral from stopes to the hoisting shaft.

5> Subsurface conditions are such that sulfuric acid addition is not routinely required to maintain the
desired pH.

6 More than 500 million pounds of copper were produced using in situ leaching over the last 50
years (WQARF, 1996).
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Use of ClassV solution mining wells a the San Manue copper production complex in Pind
County, Arizonais Smilar. Raffinate solution, aweak sulfuric acid from the solvent extraction plant, is
injected and percolates through the oxide ore body. Currently, the combined injection rate is
gpproximately 8,000 gallons per minutes (gpm) through approximately 800 injection wells. On-going
development of the wdll fied is anticipated to result in a peak injection rate of gpproximately 18,000
gpm (Turner, 1999b). The resulting copper bearing solution is collected in one of two ways. via
recovery wells equipped with submersible pumps or in the old portion of the underground sulfide mine,
In this old portion of the mine, pandls have been dammed to create collection areas. The recovered
solution has a high suspended solids content (about 600 mg/l), and is pumped to the surface and placed
into sedimentation ponds, where the solution is clarified. Flocculants are added, the solution is then fed
to the Plant Feed pond where it is combined with leach solution from the facilities hegp leach, and sent
to the solvent extraction plant (USEPA, No date). The injection well field islocated within a cone-of
depression created in the regiond ground water system that is aresult of mine dewatering necessary for
on-going underground sulfide copper ore mining. As aresult, ground water flows are radicdly inward
toward the underground workings, recovery well, and underground recovery location (Turner, 1999a
and 1999D).

Due to subsidence, plugging, and expangon of surface mining activities, well losses occur
routinely and addition of new wellsis an on-going activity. At the San Manud facility, for example, the
operaiond lifespan on a Class V solution mining injection well averages about 24 weeks (Schmict,
1989).

At dl three fadilities, ground water is monitored, as part of overal mining facility operations, to
provide for detection of unintended migration of injected fluidsinto surrounding formations.

5. POTENTIAL AND DOCUMENTED DAMAGE TO USDWs
5.1 Injectate Constituent Properties

The primary congtituent properties of concern when assessing the potentia for Class V solution
mining wellsto adversdly affect USDWs are toxicity, persstence, and mobility. Thetoxicity of a
condtituent is the potential of that contaminant to cause adverse hedth effectsif consumed by humans.
Appendix D to the Class V Study provides information on the health effects associated with
contaminants found above MCLs or HALs in the injectate of solution mining wells and other ClassV
walls.

Persgtence is the ahility of achemica to remain unchanged in compostion, chemicd sate, and
physical state over time. Appendix E to the ClassV Study presents published half-lives of common
condituentsin fluids released in solution mining wells and other ClassV wels. All of the values
reported in Appendix E are for ground water. Caution is advised in interpreting these values because
ambient conditions have a sgnificant impact on the persistence of both inorganic and organic
compounds. Appendix E also provides a discusson of mohility of certain congtituents found in the
injectate of solution mining wells and other ClassV wells.
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Condtituents in the injectate a concentrations above MCLs or HALs are generdly present
because they were solubilized during previous injection/recovery cycles and were not removed from
solution during the recovery phase. They are both persistent and mobile to the extent that they are
generdly expected to remain in solution through subsequent injection/recovery cycles.

5.2  Observed Impacts

At dl three stesreported to use Class V solution mining wells, injection is occurring into an ore
body that is a water-bearing formation, or would be were it not for dewatering activities. The nature of
the injectate and the objectives of the injection process are such that metals and other congtituents are
olubilized in the zonein which in situ leaching is conducted. At the copper facilities, mining,
beneficiation, and processing operations have been conducted for decades and have included open pit
and underground mining, hegp leaching, acid production, and smelting and refining, in additionto in situ
leaching. Hydrogeologic characterigtics have been modified by the ingtdlation of miles of underground
workings, the remova of millions of tons of ore, pumping to dewater the mine workings, and the
accompanying subsidence. Asareault, it isdifficult to attribute the observed concentrations of metals
above MCLs in the ground water to a specific activity conducted at the Stes, including current in situ
leaching activities.

The BHP Pinto Vdley Miami Unit is within the boundaries of an area that was designated as
the Pina Creek Site under the Arizona Water Qudity Assurance Revolving Fund (WQAREF) in 1989.
The Pind Creek ste aso includes the Van Dyke mine and the Cyprus Miami mine facilities.
Investigation and remediation of ground water contamination & the Steisin progress. At thistime, itis
not clear whether solution mining activities conducted a the Van Dyke mine during the 1970's and
1980's or a the BHP facility have contributed to the ground water contamingation at the site (Pond,
1999; Kulon, 1998).

6. ALTERNATIVE AND BEST MANAGEMENT PRACTICES

Class V solution mining injection wells are used to solubilize metals from the host rock in and
below theinjection zone. As noted above, the principa means of providing protection of ground water
resources during injection is to dewater the in situ leaching zone or ensure that ground weter flows only
toward, rather than away from, the leaching zone. Thus, monitoring and contralling injection and
extraction rates are required to achieve the necessary balance. In addition, monitoring of the ground
water in the vicinity of thein situ leaching area can aid in detecting outward migration should it occur.
After injection activities are complete, flushing of the injection zone aids in removing resdud injectate
and returning the ore body to pre-leaching conditions (Charbeneau, 1984). Particularly in the case of
uranium leaching operations, reducing agents are Sometimes used to ad in reducing meta solubility in
the leaching zone to pre-mining conditions.

Although nat typicaly the case for solution mining wellsin the current Class V inventory, in
some Situations there could be a USDW between the surface and the in situ leaching zone. In such
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gtuations, protection of the USDW from contamination is likely to require that solution mining injection
wells be congtructed and monitored with festures smilar to those of Class 111 wells.

7. CURRENT REGULATORY REQUIREMENTS

Severd federd, Sate, and locd programs elther directly manage or regulate Class V solution
mining wells. On the federd level, management and regulation of these wdlsfdl primarily under the
UIC program authorized by the Safe Drinking Water Act (SDWA). Some states and locdlities have
used these authorities, aswell as their own authorities, to extend the controls in their areas to address
concerns associated with solution mining wells.

7.1 Federal Programs

Class V wdlls are regulated under the authority of Part C of SDWA. Congress enacted the
SDWA to ensure protection of the quaity of drinking water in the United States, and Part C specificaly
mandates the regulation of underground injection of fluids through wells. USEPA has promulgated a
series of UIC regulaions under this authority. USEPA directly implements these regulations for Class
V wellsin 19 states or territories (Alaska, American Samoa, Arizona, Cdifornia, Colorado, Hawaii,
Indiana, lowa, Kentucky, Michigan, Minnesota, Montana, New York, Pennsylvania, South Dakota,
Tennessee, Virginia, Virgin Idands, and Washington, DC). USEPA dso directly implementsal Class
V UIC programs on Tribal lands. In al other states, which are called Primacy States, Sate agencies
implement the Class V UIC program, with primary enforcement responsibility.

Solution mining wells currently are not subject to any specific regulations taillored just for them,
but rather are subject to the UIC regulations that exist for al ClassV wells. Under 40 CFR 144.12(Q),
owners or operators of al injection wells, including solution mining wells, are prohibited from engaging
in any injection activity that dlows the movement of fluids containing any contaminant into USDWSs, “if
the presence of that contaminant may cause a violaion of any primary drinking water regulation . . . or
may otherwise adversdly affect the health of persons”

Owners or operators of ClassV wells are required to submit basic inventory information under
40 CFR 144.26. When the owner or operator submits inventory information and is operating the well
such that a USDW is not endangered, the operation of the Class V wdl is authorized by rule.
Moreover, under section 144.27, USEPA may require owners or operators of any ClassV well, in
USEPA-adminigtered programs, to submit additiona information deemed necessary to protect
USDWSs. Owners or operators who fail to submit the information required under sections 144.26 and
144.27 are prohibited from using their wells.

Sections 144.12(c) and (d) prescribe mandatory and discretionary actions to be taken by the
UIC Program Director if aClassV wdll is not in compliance with section 144.12(a). Specificdly, the
Director must choose between requiring the injector to apply for an individua permit, ordering such
action as closure of the well to prevent endangerment, or taking an enforcement action. Because
solution mining wells (like other kinds of ClassV wells) are authorized by rule, they do not have to
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obtain a permit unless required to do so by the UIC Program Director under 40 CFR 144.25.
Authorization by rule terminates upon the effective date of a permit issued or upon proper closure of the
well.

Separate from the UIC program, the SDWA Amendments of 1996 establish a requirement for
source water assessments. USEPA published guidance describing how the states should carry out a
source water assessment program within the state’ s boundaries. The find guidance, entitled Source
Water Assessment and Programs Guidance (USEPA 816-R-97-009), was released in August
1997.

State staff must conduct source water assessments that are comprised of three steps. First,
date staff must delineate the boundaries of the assessment areas in the state from which one or more
public drinking water systems receive supplies of drinking water. In delinesting these areas, Sate Saff
must use “dl reasonably available hydrogeol ogic information on the sources of the supply of drinking
water in the tate and the water flow, recharge, and discharge and any other reliable information asthe
state deems necessary to adequately determine such areas.” Second, the state staff must identify
contaminants of concern, and for those contaminants, they must inventory significant potentia sources
of contamination in delineated source water protection arees. ClassV wells, including solution mining
wells, should be considered as part of this source inventory, if present in agiven area. Third, the state
gaff must “ determine the susceptibility of the public water systems in the ddlineated area to such
contaminants.” State staff should complete dl of these steps by May 2003 according to the fina
guidance.’

7.2  Stateand Local Programs

Two dates, Arizona and New Mexico, have Class V solution mining injection wells that are
covered in this document. Attachment A of this volume describes how each of these states currently
addressesthese wells. Both statesissue individua permits, based on extensive permit application
informetion.

. In Arizona, USEPA Region 9 directly implements the UIC program and does not issue
individua permits to solution mining wells. Arizona, however, has a stringent permitting
program under its Aquifer Protection Permit program. The state requires submisson of
detailed information on the design, operation, and other key features of proposed solution
mining wells, which must demondrate that well location, design, construction, or operation will
not degrade aquifer water quaity or violate MCLs. Ground water monitoring is required.

. New Mexico isaUIC Primacy State for Class V wells. However, the Sate regulates
discharges from solution mining wells that may affect ground water under its Water Qudity Act
and Water Qudity Control Commission regulations on permitting and ground water standards
(Subpart 111 of Title 20, Chapter 6, Part 2) rather than its UIC regulations (Subpart V of Title

" May 2003 is the deadline including an 18-month extension.
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20, Chapter 6, Part 2). Discharge plans must be submitted and approved by the state, based
on information about the proposed discharge, location and qudity of ground water most likely
to be affected by the discharge, sampling and monitoring plans, and other information. The

date issues an Aquifer Protection Permit rather than a UIC permit for Class V' solution mining

wells
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ATTACHMENT A
STATE AND LOCAL PROGRAM DESCRIPTIONS

This attachment describes the regulatory requirementsin New Mexico and Arizona, the two
gateswith Class V solution mining wells covered by this document.

Arizona

USEPA Region 9 directly implements the UIC program for Class V injection wellsin Arizona
The region gpplies inventory requirements and uses permit by rule to ensure non-endangerment of
USDWSs. In addition, under the Arizona Revised Statutes (Title 49, Chapter 2, Article 3 - Aquifer
Protection Permits) any facility that “discharges’ isrequired to obtain an Aquifer Protection Permit
(APP) from the Arizona Department of Environmental Quality (ADEQ) (849-241.A). Aninjection
well is considered a discharging facility and is required to obtain an APR, unless ADEQ determines that
it will be “designed, congtructed, and operated so that there will be no migration of pollutants directly to
the aquifer or to the vadose zone” (849-241.B).2

Permitting

The statute authorizes ADEQ to require an applicant for a permit to provide informeation on the
design, operations, pollutant control measures, hydrogeologica characterization, basdine data, pollutant
characterigtics, and closure strategy. Operators must demondirate that the facility will be designed,
constructed, and operated to ensure greatest degree of discharge reduction and to ensure that aquifer
water quality will not be degraded or standards violated. ADEQ may establish best available
demongtrated control technology, processes, operating methods or other dternatives, in order to
achieve discharge reduction and water qudity standards (849-243).

The gtatute specifies that an APP requires monitoring, recordkeeping and reporting, a
contingency plan, discharge limitations, a compliance schedule, and closure guidelines. The operator
must furnish information, such as past performance, and technica and financid competence, relevant to
its cagpability to comply with the permit terms and conditions. A facility must demondtrate financia
assurance or competence before approva to operate is granted. Each owner of an injection well to
whom an individua permit isissued must register the permit with ADEQ each year and pay an annud
registration fee (849-242).

ADEQ designates a point or points of compliance for each facility receiving apermit. The
datute establishes “the point of compliance as the point a which compliance with aquifer water quaity
gandards shdl be determined” and as a verticd plane downgradient of the facility that extends through
the uppermost aquifer underlying that facility. If an aquifer is not, or will not foreseegbly be, aUSDW,
monitoring for compliance may be established in another aquifer (849-244).

8 The state, in its Aquifer Protection Permit Rules, defines "aquifer” as "an underground formation
capable of yielding or transmitting usable quantities of water” (R 12-15-801.2).
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ADEQ, inits Aquifer Protection Permit Rules (Chapter 19, sub-chapter 9, October 1997),
defines an injection well as“awel which receives a discharge through pressure injection or gravity
flon” Any facility that dischargesis required to obtain an individua APP from ADEQ), dthough
ADEQ is authorized to issue a single area-wide permit to facilities under common ownership located in
a contiguous geographic areain lieu of an individua permit for each facility (849.243P and R 18-9-
122). ADEQ requires permit application to include detailed specified information as authorized by
datute. Thisincludes topographic maps, facility Ste plans and designs, characteristics of past aswdl as
proposed discharge, and best available demonstrated control technology, processes, operating
methods, or other dternatives to be employed in the facility. In order to obtain an individud permit, a
hydrogeologic study must be performed. This study must include a description of the geology and
hydrology of the areg; documentation of existing qudity of water in the aguifers underlying the site; any
expected changes in the water qudity and ground water as a result of the discharge; and the proposed
location of each point of compliance (R18-9-108).

Well Construction Sandards

No injection wells may be constructed unless an APP has been completed and approved.
WEels are required to be congtructed in such as manner as not to impair future or foreseeable use of
aguifers. Specific congtruction standards are determined on a case-by-case basis.

Operating Requirements

All wells must be operated in such a manner that they do not violate any rules under Title 49 of
the Arizona Revised Statutes, including Article 2, relating to water quality standards, and Article 3,
relating to APPs. Water quality standards must be met at the point of compliance (849.244) in order to
preserve and protect the qudity of watersin al aquifersfor al present and reasonably foreseeable
future uses.

Monitoring Requirements

Monitoring, both of the injectate and of the recaiving formation, is required for solution mining
wells to ensure compliance with APP conditions and ensure that aquifer water quaity standards are met
as outlined under 49-223 of the Arizona Revised Statutes. The permit establishes, on a case-by-case
bass, dert leves, discharge limitations, monitoring, reporting, and contingency plan requirements.
Alert level is defined as a numeric vaue, expressed ether as a concentration of a pollutant or a physica
or chemica property of a pollutant, which serves as an early warning indicating a potentid violation of
any permit condition. If an dert leve or discharge limitation is exceeded, an individua permit requires
the facility to notify ADEQ and implement the contingency plan (R18-9-110).
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Financial Responsibility

Anindividud permit requires that an owner have and maintain the technical and financid
cgpability necessary to fully carry out the terms and conditions of the permit. The owner must maintain
abond, insurance policy, or trust fund for the duration of the permit (R-18-9-117).

Plugging and Abandonment

Temporary cessation, closure, and post-closure requirements are specified on a case-by-case
bass. Thefacilities are required to notify ADEQ before any cessation of operations occurs. A closure
plan is required for facilities that cease activity without intending to resume. The plan describesthe
quantities and characterigtics of the materids to be removed from the facility; the destination and
placement of materid to be removed; quantities and characteristics of the materid to remain; the
methods to treat and control the discharge of pollutants from the facility; and limitations on future water
uses created as aresult of operations or closure activities. A post-closure monitoring and maintenance
planisaso required. This plan specifies duration, procedures, and inspections for post-closure
monitoring (R-18-9-116).

New Mexico

New Mexico isaUIC Primacy State for Class V wells. Regulations promulgated by the New
Mexico Water Quality Control Commission in Title 20, Chapter 6, Part 2 of the New Mexico
Adminigrative Code (NMAC) establish requirements for ground and surface water protection.
Subpart 111 of Title 20, Chapter 6, Part 2, which addresses permitting and ground water protection,
appliesto dl discharges that may affect ground water,® including injection into Class V solution mining
wels?®

Permitting

The purpose of Subpart 111 isto control discharges onto or below the surface to protect dl
ground water of the state that has an existing concentration of 10,000 mg/l or lessTDS. Generdly;, if
the existing concentration of any water contaminant in ground weter is in conformance with sandards
specified in Section 3103 of Subpart 111, degradation of the ground water up to the standard will be
dlowed. If the existing concentration of any contaminant exceeds the standard in Section 3103, that

®"Ground water" is defined as "interstitial water which occurs in saturated earth material and which
is capable of entering awell in sufficient amounts to be utilized as a water supply” (20-6-2-1-1101.V
NMAC).

10 Subpart V of Title 20, Chapter 6, Part 2 establishes additional specific requirements “for effluent
disposa wellsand in situ extraction wells.” Anin situ extraction well definition specifically excludes
wells that would be considered Class V injection wells (I-1101.Z NMAC), so compliance with the
requirements in Subpart V is not required.
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concentration will be the dlowable limit if the discharge a that concentration will not result in
concentrations at any point of withdrawal for current or foreseeable future use in excess of the Section
3101 standards (20-6-2-111-3103 NMAC) .

Before operations can begin, adischarge plan must be submitted and approved by the New
Mexico Environment Department. This plan must specify the quantity, qudity, and flow characteristics
of the discharge; the location of the discharge and of any bodies of water, watercourses and ground
water discharge stes within one mile of the outside perimeter of the discharge Site, and exigting or
proposed wells to be used for monitoring; the depth to and TDS concentration of the ground water
most likely to be affected by the discharge; flooding potentia of the Site; methods of sampling; depth to
and lithologica description of rock at base of dluvium below the discharge Site, and any other
information that may be necessary to demondrate that discharge will not result in ground water
contamination (20-6-2-111-3106.C NMAC). When a plan has been approved, discharges must be
conggtent with the terms and conditions of the plan, which functions as a permit, dthough theterm is
not used.

Operating Requirements

No operating requirements are pecified.

Monitoring Requirements

The discharge plan will provide for the ingdlation, use, and maintenance of effluent monitoring
devices, monitoring devices for the ground water most likely to be affected by the discharge, monitoring
in the vadose zone, continuation of monitoring after cessation of operations (the rule does not specify
how long such monitoring must continue), periodic submission of monitoring results, and reporting of
any other information that may be required (20-6-2-111-3107 NMAC). In practice, annual inspections
include ground water sampling.

Financial Responsibility

No financia assurance requirements are specified.

Plugging and Abandonment

No plugging and abandonment requirements are specified.

September 30, 1999 18



REFERENCES

Agency for Toxic Substances and Disease Registry (ATSDR). 1999. Toxicity Frequently Asked
Questions (ToxFAQs) Fact Sheets. Atlanta, GA: Agency for Toxic Substances and Disease Regisiry,
Divison of Toxicology. http://mww.atsdr.cdc.gov/tfactshtml. April.

BHP Copper, Inc. 1999a. “Inventory of Injection Wells” Pinto Valey Operations Miami Unit, US
Highway 80, Miami, Arizona. Facility ID No. AZD102802410. 10 February 1999.

BHP Copper, Inc. 1999b. “Inventory of Injection Wdls.” San Manue Mining, State Highway 77,
San Manuel, Arizona. Facility ID No. AZD001886597. 10 February 1999.

BHP Copper, Inc. 1999c. http:/Aww.bhp.com.au/copper/environment/how_mined.ntm. 1 January
1999.

Charbeneau, R.J. 1984. “Groundwater Restoration with In Situ Uranium Leach Mining.”
Groundwater Contamination. Washington: Nationd Academy Press.

Cipriano, G. and J. Kline. “A Case Higtory of the Development of In-Place Leach Monitoring Systems
Employed at the Lakeshore Mine.” Proceedings of International Symposium on Class V Injection
WAl Technology, 22-24 September 1987. Underground Injection Practices Council.

Kulon, J. Arizona Department of Environmental Qudity. E-mail communication to V. Meers, The
Cadmus Group, September 23, 1998.

Lutzens W.W. 1994. “Rock Mass Characterization for In-stope Leach Solution Contamination.” In
Stu Recovery of Minerals-Il. Ed. SA. Swan and K.R. Coyne. The Minerds, Metds & Materials
Society.

New Mexico Environment Department. 1997. Public Notice. DP-362, Quivira AmbrosiaLake Old
Stope, Leaching. 15 January 1997

New Mexico Environment Department. 1998. Anadytica Report from the Scientific Laboratory
Divison. 30 April 1998.

Pond, E. Arizona Department of Environmenta Quality. Telephone communication with David Bauer,
ICF Consulting, August 24, 1999.

Schechter, R.S. et d. 9 July 1985. “Deveopment of Environmentaly Attractive Leachants” \Vol. IV,
A Minitest of an In Stu Uranium Leach Solution.

September 30, 1999 19



Schmidt, Robert D. 1989. “Modeling Infiltration to Underground Mine Workings During Block-Cave
Leaching.” In Stu Leach Mining: Proceedingsin Bureau of Mines Technology Transfer
Seminars, Phoenix, Arizona, 4 April 1989 and Sdlt Lake City, Utah, 6 April 1989.

Solution Mining Corporation. 1998. <http:/mww.in-stumining.com> (Accessed August 1998).
Staub, W.P. 1987. “Excurgons Contral at In Situ Uranium Mines.” Geotechnical and
Geohydrological Aspects of Waste Management. Ed. D.JA. van Zyl et d. Chelsea, Michigan:
Lewis Publishers, Inc.

Turner, Terry M. 1999a. Hargis+ Associates, Inc. Letter of correspondence to Ms. Katherine
Temple, ICF Consulting. 2 June 1999.

Turner, Terry M. 1999b. Hargis + Associates, Inc. Letter of correspondence to Ms. Katherine
Temple, ICF Consulting. 2 June 1999.

U.S. EPA. Nodate. “Technicad Resource Document Extraction and Beneficiation of Ores and
Minerds. Volume 4 Copper.” Office of Solid Waste, Specia Waste Branch. Washington, DC.

U.S. EPA. 1984. Nationd secondary drinking water regulations. Publication No. USEPA 570/9-76-
000.

U.S. EPA. 1996. Drinking Water Regulations and Hedlth Advisories. Office of Water. USEPA 822-
B-96-002.

U.S. EPA. 1998a Nationa primary drinking water regulations. 40 CFR §141.32.

U.S. EPA. 1998b. Nationa secondary drinking water regulations. 40 CFR §143.

U.S. EPA. 1999a. Integrated Risk Information System (IRIS). Cincinnati, OH: Office of Research
and Development, Nationa Center for Environmenta Assessment.

http:/Amww.epa.gov/ingispgm3/irisindex.html. April.

U.S. EPA. 1999b. Hedth Effects Notebook for Hazardous Air Pollutants. Office of Air Qudity and
Planning Standards.  http:/Amww.epa.gov/ttn/uatw/hapindex.ntml. April.

U.S. EPA. 1999c. Nationd Primary Drinking Water Regulations Technical Fact Sheets. Washington,
D.C.: Office of Water, Office of Ground Water and Drinking Water.
http:/AMww.epa.gov/OGWDW/hfacts.html. March.

U.S. EPA. 1999d. Sulfatein Drinking Water. Office of Ground Water and Drinking Water.
http:/Amww.epa.gov/OGWDW/aulfate.html. April.

September 30, 1999 20



Water Quality Assurance Revolving Fund (WQARF). 1996. “Preiminary Assessment Remedid

Invedtigation.” Preliminary Hydrological Report. Vol 1, 11 and Components B, C. 28 October
1996.

Yuhas, Katherine. 1999. New Mexico Environment Department.  Persond Communication.  April
28, 1999.

September 30, 1999 21



