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EXECUTIVE SUMMARY 

In 1997, the Arizona Department of Environmental Quality (ADEQ) and the United States 
Environmental Protection Agency (USEP A) issued permits authorizing BHP Copper, Inc. (BHP 
Copper) to construct, op erate, and close an in~situ copper mine approximately 2.5 miles 
northwest of Florence, Arizona. Both agencies required BHP Copper to demonstrate, prior to the 
commencement of operations, that the proposed method of mining would not detrimentally 
impact groundwater. More specifically, BHP Copper was required to demonstrate that its 
proposed arrangement of injecti on and recovery wells would result in an inward hydraulic 
gradient that could be maintained while acidic solutions were being injected into the ore body 
and thereby prevent leachate from migrating out of the leach zone into the surrounding 
groundwater. 

Shortly after the permits were issued, BHP Copper installed a test fi eld in order to conduct a 
90~day test to demonstrate hydraulic control. The 90-day test required by the permits was 
successfully completed in February 1998. Although the test was successful, BHP Copper 
decided to delay construction of the proposed mine and the associated solvent extraction plant in 
view of depressed copper prices. As required by the ADEQ and USEPA permits, hydraulic 
control has been maintained and mon itored since the compl etion of the 90~day test in order to 
rinse leachate residues from the test field. In December of 2001, the mine site was sold to 
Florence Copper, Inc. (Florence Copper) which has continued pumping and monitoring water 
levels since it assumed ownership. 

Groundwater samples from the test field were collected and analyzed in 2000, 2001, and 2003. 
The analytical results for the 2003 data indicate that the permit requirements for initiating closure 
of the test wells have been met. Florence Copp er is therefore formally requesting ADEQ's and 
US EPA's concurrence that the permit requirements have been met so that it may begin the 
process of discontinuing hydraulic control. This report includes groundwater quality data that 
demo nstrates compliance with the permit requirements. It also includes, for the approval of the 
ADEQ and US EPA, a proposed schedule for discontinuing hydraulic control. 
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1.0 INTRODUCTION 

1.1 PURPOSE 

Florence Copper Inc. (Florence Copper) proposes to discontinue hydraulic control at the test 
field located at the Florence Project Site in accordance with the Aquifer Protection Permit (APP) 
No. 101704 and the Underground Injection Control (UIC) Permit No. AZ39600001, issued in 
1997 by the Arizona Department of Environmental Quality (ADEQ) and the United States 
Environmental Protection Agency (USEPA), respectively. 

This report explains the purpose of the test field and demonstrates that hydraulic control can be 
discontinued in accordance with the pennits without causing detrimental impacts to groundwater 
quality. This report also includes for the approval of the ADEQ and USEPA, a proposed 
schedule for discontinuing hydraulic control. 

1.2 ORGANIZATION 

This report has been specifically designed to facilitate ADEQ's and USEPA's review, 
recognizing that matters discussed herein are part of the voluminous Florence Project permit files 
that span more than 9 years. 

This section provides a brief history of the Florence Project Site, describes the facility as it is 
currently permitted to operate, describes the permit requirements for the hydraulic control test, 
and discusses the conditions that must be met before discontinuing hydraulic control. 

Section 2 describes the construction and operation of the wells that comprise the test facility. 

Section 3 includes a review of all groundwater quality data that have been obtained from samples 
collected from the test wells. 

Section 4 includes a review of all data regarding the quality ofwater and sediments contained in 
the evaporation pond that was constructed as part of the test field. 

Section 5 includes a brief overview ofhydrogeologic and geochemical factors that are relevant to 
the evaluation of the data presented in Sections 3 and 4. 

Section 6 includes Florence Copper's proposed schedule for discontinuing hydraulic control in 
accordance with applicable permit requirements. 
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1.3 SITE HISTORY 

The ore body for which the Florence Project was developed is known as the Poston Butte or 
Florence porphyry copper deposit. Site records indicate that the deposit was discovered by 
geologists of the Continental Oil Company (CONOCO) in 1971. Following the discovery, 
CONOCO initiated a program to identify the dimensions and mineral composition of the ore 
body, which is located deep within a highly productive aquifer that is continuously replenished 
by sub-flow from the Gila River. That program was followed by the installation of a pilot 
underground mine and pilot-scale treatment processes. The Site was abandoned in 1977 after 
CONOCO concluded that the ore body could not be economically mined because of difficulties 
in dewatering the area around the ore-body to the depths needed for open pit or underground 
mmmg. 

During the early 1990s, the Magma Copper Company (Magma) evaluated the ore body and 
decided to evaluate the feasibility of using in-situ mining methods as an alternative to open-pit 
and underground mining methods. In November 1994, Magma began the development ofpermit 
applications for the construction and operation of an in-situ copper mine and solution 
extraction/electrowinning (SXJEW) plant. The application for the USEPA permit included a 
request for an aquifer exemption for the mine area, the area in wh ich all in-situ operations were 
proposed to be conducted. 

The permit applications were submitted to ADEQ and USEPA on January 6, 1996. About the 
same time that the applications were submitted, ownership of the mine site was transferred from 
Magma to BHP Copper. To further support the permit applications, BHP Copper conducted 
additional studies and installed additional wells for use as point of compliance (POC) wells. The 
additional wells provided a total of 31 POC wells encircling the mine area. The POC wells have 
been sampled quarterly since early 1998 and quarterly reports have been submitted to ADEQ and 
USEP A since that time. 

After notice and public hearing, USEPA issued a Class III UIC Permit No. AZ39600001 on May 
I, 1997. ADEQ issued an APP No. 101704 on June 6, 1997. Both permits are discussed in 
Section 1.5 below. 

The ADEQ and USEPA permits required BHP Copper to successfully complete a hydraulic 
control test before it could begin operating the permitted facilities. In response to the test 
requirements, BHP Copper constructed the test field that is described in Section 1.4.2 and in 
Section 2. 

The hydraulic control test began November 8, 1997, and continued until February 10, 1998. 
Injection and recovery rates were monitored along with electrical conductivity and water levels 
throughout that period in order to demonstrate that hydraulic control could be established and 
maintained during the injection of sulfuric acid solutions into a portion of the ore body for which 
the aquifer exemption had been granted. The test was successful as described in a letter report 
dated April 6, 1998, from Ms. Corolla Haag of BHP Copper to Ms. Julie Collins, ADEQ 
Compliance Officer. 

BROWN AND 

CALDWELL 
p :\wp\merrill mining llc\21622\closure plan\closure plan.doc/4121/04/ld 1-2 



Proposed Cessation ofHydraulic Control 

Florence Copper 


Florence, Arizona 


Although the test was successful, BHP Copper elected to indefinitely delay construction due to 
depressed copper prices. The facility was maintained under a care and maintenance level of 
staffing until BHP sold all of its Florence holdings to Florence Copper in 2001. Florence Copper 
has continued the maintenance and care since that time. 

Hydraulic control has been maintained and monitored in accordance with permit requirements 
since the test was completed in order to rinse leachate residues from the impacted ore body. All 
groundwater pumped from the recovery wells has been pumped to a double-lined evaporation 
pond where the recovered residues continue to concentrate via evaporation. 

1.4 FACILITIES 

1.4.1 Mine and SX/EW Plant 

The site of the proposed Florence In-situ Copper Mine occupies approximately 700 acres and is 
located about 2.5 miles northwest of Florence, Ari zona, as shown on Figure I. Figure 2 shows 
the proposed facility components from the APP Application as well as the existing components. 

The existing components include structures and wells left by CONOCO and wells that were 
installed by Magma during the site characterization process. Proposed components include a 
mine area of approximately 200 acres in which 2,000 injection and recovery wells are proposed 
to be installed during the anticipated 15-year mine life, a SX/EW plant, a double·lined pregnant 
leachate solution (PLS) pond, a double-lined raffinate pond, 9 13-acre double-lined evaporation 
ponds, and associated tanks and pipelines for transferring PLS from the recovery wells to the 
PLS surge pond and for transferring raffinate from the raffinate pond to the injection wells. If 
the components are installed, they will be operated in the manner described below. 

PLS will be pumped from the recovery wells through a manifold and pipeline to a double-lined 
surge basin where it will then be piped to the SXJEW plant for removal ofcopper. As part of the 
process for re·using the acidic solution, approximately 10 percent of the barren PLS (also 
referred to as raffinate) will be bled to evaporation ponds for disposal. 

Sulfuric acid will be added to the remaining raffinate as needed to maintain the sulfuric acid 
concentration at approximately 2 percent. The raffinate will then be piped to a double-lined 
impoundment and then piped to the mine field for injection. Raffinate injected into the ore body 
is referred to as injectate. PLS, fanned as the injectate is drawn through the formation and 
pumped from the injection wells, will be pumped to the PLS surge basin where the process will 
be repeated until the concentration of copper becomes too low to warrant further injection. At 
that point, injection will be discontinued and the injection wells wilt be converted to recovery 
wells. Groundwater will continue to be pumped from the converted injection wells in order to 
maintain hydraulic control and to rinse the mine block of injectate and associated residues prior 
to the abandonment of the wells in accordance with permit requirements. 
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As shown in Figure 2, the mine area will be divided into 24 mine blocks with each block, on • 
average, containing approximately 83 injection and recovery wells. The operating plan requires 
a sequenced construction and operation schedule so that one mine block would be ready to begin 
operations as copper is depleted in the previously constructed mine block. A primary benefit of 
the sequencing process is the capacity to rinse blocks as the mine progresses and thereby 
minimize the amount ofrinsing required at the end of the mine life. 

1.4.2 Test Field 

BHP Copper installed an array of 4 injection wells, 9 recovery wells, 7 observation wells, and 1 
evaporation pond so that hydraulic control could be fully demonstrated. All of the wells were 
installed within a small portion (approximately 1 acre) of the 200-acre mine area. Figure 2 
shows the test field and evaporation pond in relation to existing facility components, while 
Figure 3 shows the layout of the wells in the test field. To ensure a val id test, the injection and 
recovery wells were constructed in accordance with the well designs approved by the ADEQ and 
USEPA for operation of the mine. To further ensure valid tests, the acidic solutions injected 
during the test were similar in composition to the solutions that were to be injected during 
normal mine operations. Information on wells used in the test field is provided in Section 2. 

1.5 PERMIT REQUIREMENTS 

The following provides a review of APP and UIC permit requirements pertinent to the cessation 

of hydraulic control at the test field. 


1.5.1 APP No. 101704 

Part II .E.2 .a of APP No.l01704, provided as Appendix 1, sets forth procedures for conducting 

and evaluating the hydraulic control test. After the test had been successfully completed, Part 

II.E.2.a was deleted from the APP. That deletion is one of several minor revisions that have 
been made to the APP. The most recent revision was promulgated on December 5, 2001 , to 
reflect the transfer of facility ownership from BHP Copper to Florence Copper. 

Although Part ILE.2. included criteria for conducting and evaluating the hydraulic control test, it 
did not specify how the test wells were to be closed. However, the assumption is clear that the 
test wells would become part of an active mine block after the test was successfully completed 
and would be closed as part of the closure of the mine block. Procedures for closing mine blocks 
are set forth in Part II.H.2 ofthe APP, which is provided as Appendix 2. 

The following steps are required to close a mine block in accordance with Part II.H.2. 

1. 	 Begin rinsing of the mine block at the time that injection is discontinued. 

2. 	 Monitor the rinsing process by monitoring sulfate concentrations in the headers for the 
injection and recovery wells. 
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3. 	 Once the sulfate concentration in the recovery well headers drops to approximately 750 parts 
per million (ppm), the injection well headers will be sampled for all Part IV, Table III.C 
constituents. 

4. 	 If the sampling for Part IV, Table III.C constituents shows exceedances of the numeric 
Arizona Water Quality Standards (AWQS), continue rinsing until the concentrations of all 
parameters are below the A WQS. 

5. 	 When the AWQS are met, sample all wells undergoing closure to determine sulfate 
concentrations. 

7. 	 If the sulfate concentrations are greater than the indicator sulfate concentration, continue 
rinsing until groundwater from each well meets the indicator concentration. 

8. 	 When the indicator sulfate concentrations are met at all wells undergoing closure, hydraulic 
control will be discontinued for 90 days. 

9. 	 At the end of the 90-day period, the headers will be re-sampJed for sulfate. 

'' 	 il 
10. If sulfate concentrations are greater than the indicator sulfate concentration, rinsing will 

continue. 

11 . If sulfate concentrations are less than the indicator sulfate concentration, all rinsing and 
monitoring in the mine block may cease. 

12. A report will be submitted to ADEQ documenting the results of the closure tests. 

13. Unless ADEQ or USEPA objects to the report within 30 days after it has been filed, the 
permittee will commence cementing the wells in accordance with the approved well 
abandonment plan. 

'1.5.2 UIC Permit No. AZ39600001 

The UIC permit addresses federal underground injection control requirements found in Title 40 
Code of Federal Regulations, Part 144 (40 CFR 144) and 40 CFR 146. The provisions of the 
UIC permit and APP are similar except that the UIC permit also addresses requirements that are 
unique to the UIC regulations, e.g. permit classification, aquifer exemption, and criteria for well 
construction and integrity testing. 

The UIC regulations recognize two types of in~situ mining operations. Class V general permits 
are issued for mines where the extraction occurs within an ore body that is isolated from 
groundwater. Class III permits are issued for mines where the ore body can not be isolated from 
groundwater by traditional dewatering techniques. Class III permits require that hydraulic 
control be maintained during the injection and restoration phases of the individual mine blocks in 
order to prevent injectate and dissolved minerals from migrating into the surrounding 
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groundwater. An area-wide Class III permit was issued to BHP Copper in recognition that the 
proposed mining operation would involve the installation and operation of many wells over a 
large area. 

The UIC regulations prohibit the issuance of a Class III permit unless an aquifer exemption is 
first issued, or issued as part of the permit. Before USEPA may issue an aquifer exemption, the 
applicant must demonstrate that the portion of the aquifer for which the exemption is requested 
(a) is not used as a source of drinking water and (b) contains minerals that can be eco nomica1ly 
mined using the proposed in-situ mining methods. The required demonstration was ·submitted as 
part of the me permit application. 

The lateral and vertical boundaries of the exempted portion of the aquifer are described in Part 
II.B. I of the UIC permit. The exempted portion extends from the base of the Middle Fine 
Grained Unit (MFGU) or 200 feet above the oxide zone, whichever is farther from ground 
surface, to the base of the interval that is amenable to extraction. In plan view, the lateral 
boundary extends 500 feet beyond the mine area, which is that portion of the ore body deemed to 
be economicaliy mineable using the methods outlined in the UIC permit application. 

Part Il.B.2 of the UIC permit prohibits the migration of injection fluids or process by-products 
beyond the exempted zone. Part II.B.3 requires that, within 90 days after mining has been 
completed in a mine block, the permittee shall begin the process of restoring the mine block to 
primary maximum contaminant levels (MCLs) as described in Part ILl 1 of the UIC pennit 
(Appendix 3). For sake of brevity and convenience, primary MCLs are considered in this report 
to be the same as numeric A WQS and are frequently referred to as numeric A WQS. 

The provisions of Part II.I.l of the UIC permit are similar to the provisions of Part II.H.2 of the 
APP except that the conditions required to initiate the 90-day test period are stated differently. 
APP Part II.H.2 specifies only one condition, the attainment of A WQS. In contrast, me Part 
II.I(a) requires groundwater to be restored to primary MCLs, or to pre-mine background 
conditions. In addition, UIC Part li.I.l(b) of Section I, requires the permittee to ensure that 
constituents which do not have a primary MCL will not affect the health ofpersons. 

1.6 CLEANUP CRITERIA 

As discussed above, Part II.H.2 of the APP and Part II 1.1 of the UJC permit provide similar 
procedures for governing the closure of mine block,s except that the UIC specifically addresses 
pre-mining background conditions and constituents which do not have numerical standards and 
the APP does not. For reaso ns explained below, Florence Copper believes the differences are the 
result of oversight, not differences in agency requirements. 
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There is no statutory or regulatory justification for ADEQ to require that Florence Copper 
attempt to restore the aquifer to A WQS when pre-mining conditions exceed the A WQS. In fact, 
that specific issue is addressed by Arizona Revised Statutes (A.R.S.) Section 49-243.B.3, which 
provides "That no pollutants discharged will further degrade at the applicable point of 
compliance the quality of groundwater that at the time of the issuance of the permit violates the 
aquifer water quality standards for that pollutant." In addition, the UIC requirement to consider 
pubic health for constituents which do not have numerical standards is similar to ADEQ's 
requirements described in the narrative AWQS. 

Groundwater quality data presented in Section 3 of this report have been reviewed in context of 
the requirements discussed above. The review first focused on constituents which have numeric 
A WQS and then focused on constituents which do not have numeric A WQS. 

BROWN Alii> 

CALDWELL 
p:\ wp\merrill mining llc\21622\closure plan\closure plan.doc/4121/04/ld 1-7 



Proposed Cessation of Hydraulic Control 

Florence Copper 


Florence, Arizona 


2.0 IN-SITU TEST FIELD 

In 1997, BHP Copper constructed a test field comprised of wells, pumps, pipelines, and an 
evaporation pond in order to satisfy a r equirement of the APP and the UIC permit that BHP 
Copper demonstrate that the arrangement of injection and recovery wells proposed for the in-situ 
operations will provide sufficient hydraulic control to protect groundwater quality while acidic 
solutions are injected into the ore body. Figure 2 shows the test field in relation to principal 
components of the Florence Project Site and Figure 3 shows a more detailed view of the test 
field. Figure 4 provides a geologic block diagram which was presented in Volume 4 ofthe APP 
Application. The diagram shows the oxide zone in relation to other major geologic and 
hydrogeologic features ben eath the proposed mine area. The oxide zone is the zone into which 
acidic solutions are proposed to be injected and recovered during commercial operations and into 
which acidic solutions were injected and recovered during the 90-day hydraulic control test. The 
test field is located in the southwest comer of the delineated mine area. 

2.1 TESTWELLS 

Figure 5 shows the general layout oftbe test wells. BHP-6, 7, 8 and 9, shown in green, were the 
injection wells through which the acidic solutions were introduced to the oxide zone. The 9 
recovery wells, BHP-1, 2, 3, 4, 5, 10, 11, 12, and 13 are shown in red. They were used to pump 
leachate and groundwater from the leach zone to the evaporation pond during the 90-day 
hydraulic control test. The total depth of the wells is generally greater than 800 feet with the 
oxide zone containing copper ore beginning around 350 feet below the surface. 

The injection and recovery wells are of the same design proposed for commercial operations. 
Just as would be the case during commercial operations, the injection wells were converted to 
pumping wells once the injection test was completed. The converted injection wells have been 
used to maintain hydraulic control and rinse the leach zone following completion of the test in 
1998. The original recovery wells have not been used for recovery since the test was completed. 

Observation wells OWB-1 through 5, shown in blue on Figure 5, surround the injection and 
recovery wells. The observation wells are approximately 800 feet in depth with the exception of 
OWB-2 installed to a depth of 225 feet. There are also two cluster wells, CH-1 and CH-2, also 
shown in blue, that are located between the 4 injection wells. Each of these wells bas three 
screened intervals, G, B, and R with separate sampling tubes. The G zone is screened around 
500 feet, the B zone around 600 feet, and the R zone is screened around 750 feet. 

2.2 SUPPORTING FACILITIES 

All groundwater and leachate pumped from the test well s is collected by pipes and directed to an 
evaporation pond. The pond occupies an area of approximately 13 acres. It is double-lined and 
is equipped with a leak detection and leachate collection system. The leak detection sump is 
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monitored weekly for signs of water leaking through the upper liner. BHP Copper and Florence 
Copper have provided records in each quarterly report to ADEQ and USEPA demonstrating that 
the sump has been monitored and that no leaks have been detected above the alert levels 
established in the APP. A small tank farm is located beside the pond which, during testing, 
contained sulfuric acid and sodium hydroxide which were used to maintain the proper acid 
content of the fluids that were injected into the oxide zone and to neutralize acidic solutions 
pumped into the evaporation pond from the recovery wells. 

2.3 HYDRAULIC CONTROL 

Hydraulic control was maintained during the 90-day test by ensuring, on a daily basis, that the 
amount of acidic solutions injected into the oxide zone during any one day, was less than the 
combined amount of leachate and groundwater pumped from the recovery wells. As previously 
noted, the 4 injection wells were converted to pumping wells once the test was concluded. The 4 
converted injection wells are operated on an alternating basis such that groundwater is pumped 
from two of the wells at all times in order to maintain hydraulic control, ensuring that the leach 
zone is being constantly rinsed. In order to demonstrate that hydraulic control is being 
maintained, groundwater levels in the four converted injection wells and four companion 
observation wells are measured daily. If a well pair fails to show an inward gradient, the 
pumping rates can be adjusted to maintain control. BHP Copper and Florence Copper have 
provided records in each quarterly report to ADEQ and USEP A demonstrating that hydraulic 
control has been maintained since the completion ofthe 90-day test. 
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3.0 ANALYTICAL RESULTS OF TEST WELL SAMPLES . 

Groundwater samples were collected from all wells in the test field in September 2000, June 
2001, and December 2003. The samples were collected in accordance with the sampling and 
analysis plan set forth in the APP Application. Wells were purged for 3 well volumes and 
samples were then collected when the variability of field parameters stabilized, indicating that 
the samples were representative of aquifer conditions. The CH wells, which are cluster wells, 
have air pressure sampling tubes which do not allow for purging of 3 well volumes. 
Addition ally, the sampling tubes to the top level, the G zone in both CH wells, have broken 
thereby preventing the collection of samples from that zone . . 

All samples were analyzed for Part IV, Table III.C constituents in accordance with Part TI.H.2 of 
the APP. The Part IV Table III.C constituents are the same consti tuents that are analyzed in 
samples collected biennially from the POC wells. The results of the analyses are discussed in 
this section by categories established in the APP for the biennial reports. The concentrations of 
the constituents in each category were evaluated to determine if they meet the criteria for 
initiating the 90~day suspension of hydraulic control at the test field. As discussed in Sections 
1.5 and 1.6, the criteria requi re that (a) concentrations of constituents that have numeric A WQS 
must meet their numeric A WQS or pre~mining background conditions and (b) concentrations of 
constituents that do not have numeric A WQS must fall below levels that would present a threat 
to human health. 

Constituents that do not have numeric A WQS have been evaluated in context of the National 
Secondary Drinking Water (NSDWS). Exceedances of NSDWS do not mean that the 
groundwater is a threat to human health. They are used in this report only as a benchmark. 

3.1 FIELD PARAMETERS 

Since the 90~day test was completed, the pH of groundwater pumped from the 4 converted 
injection wells (BHP-6, 7, 8, 9) has be en measured weekly and, as shown in Figure 6, bas 
increased slowly over time. 

Field measurements of temperature, pH, and electroconductivity (EC) taken during the 3 
sampling events are presented in Table 1. Figure 5 shows the pH value reported for each well 
during the December 2003 sampling event. 

The pH measured at the 4 converted injection wells during each sampling event corresponds 
closely to the weekly values shown in Figure 6. Laboratory pH values of all samples collected 
during the 3 sampling events are generally higher than the field measurements and are discussed 
in Section 3.4 below. 
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While pH does not have an established A WQS, it can be compared to the NSDWS of 6.5 to 8.5. 
Samples obtained from the converted injection wells have depressed pH values; 3 of the wells 
have pH values less than 4.5. The pH values in samples from BHP-1, CH-1, and CH-2, all of 
which are located between the converted injection wells, are also low. However, the pH values 
for all other wells are above 6.5. 

3.2 INDICATOR PARAMETERS 

The four indicator parameters which were analyzed in samples from the 3 previous sampling 
events (magnesium, fluoride, sulfate, and total dissolved solids [TDS]), are the same indicator 
parameters sampled quarterly at the POC wells Of the four indicator parameters, only fluoride 
has an numeric AWQS. Fluoride has a numeric AWQS of 4.0 milligrams per liter (mg!L) and a 
NSDWS of 2.0 mg!L. In all samples collected during the 3 sampling events, none exceeded the 
numeric AWQS. The highest fluoride reported was 2.0 mg/L . 

Results for the indicator parameters are summarized in Table 2. All four indicator parameters 
have dramatically decreased in the test field from 2000 to 2003. In samples collected from the 4 
converted injection wells, magnesium decreased by more than 60 percent, fluoride decreased by 
30 percent, sulfate decreased by 70 percent, and TDS decreased by 50 percent. The decrease in 
sulfate in the injection wells can be seen over time in Figure 7. The highest sulfate concentration 
reported in samples collected from the converted injection well in 2003 is 160 mg/L, which is 
quite low in view of the 2 percent sulfuric acid that was injected into the leach zone. The TDS 
concentrations are also remarkably low. The average TDS concentration of the 2003 samples 
obtained from the converted injection wells is 503 mg/L, as compared to the NSDWS of 500 
mg/L. 

Concentrations of indicator parameters decreased in samples collected from the recovery wells 
between 2000 and 2003, but the decreases were not as great as observed in samples from the 
converted injection wells. The differences are logical, recognizing that samples from the 
converted injection wells are drawn from more heavily impacted zones than samples from the 
recovery wells. No decreases were observed in the observation wells OWB- I through 5 because 
those wells were not impacted by the leaching process. 

3.3 METALS 

Metal results are summarized in Table 3. During the first sampling event in September 2000, I 
sample was reported to have exceeded the AWQS for beryllium and 7 samples were reported to 
have exceeded the AWQS for nickel. - lrrttre two subsequent events, there were no exceedances 
of AWQS and overall concentrations of metals declined. Decreases of 50 percent and greater 
were observed in the converted injection wells for several metals such as aluminum, copper, 
nickel, and zinc. With respect to the NSDWS, the 2003 NSDWS exceedances are found 
primarily, if not exclusively, in samples collected from the converted injection wells. 
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3.4 INORGANICS 

Analytical results of the common inorganic constituents are summarized in Table 4. Nitrate is 
the only constituent that has an established A WQS. No nitrate exceedances were reported for 
any ofthe sampling events. 

Concentrations of chloride, nitrate, sodium, and potassium have remained relatively constant 
across the test field through time. Calcium has decreased over 50 percent in the converted 
injection wells. The December 2003 samples indicate alkalinity, which has apparently been 
removed by the leaching process, is less than 1 0 mg!L in the converted injection wells. Samples 
from the same wells indicated elevated aluminum, copper, and silica concentrations and 
depressed pH values. On average, the laboratory pH values are about half a pH unit higher than 
the field measurements for the converted injector wells compared to all other wells where 
laboratory and field measurements are approximately equal. 

3.5 ORGANICS 

Benzene, ethylbenzene, toluene, and total xylene (BTEX) and diesel petroleum products were 
analyzed and none were detected in the test field for any ofthe sampling events. Organic results 
are shown in Table 5. 

3.6 RADIOCHEMICALS 

When radiochemicals are analyzed in groundwater, gross alpha is analyzed first. If gross alpha 
exceeds 5 picocuries per liter (pCi!L), radium-226 and radium-228 are measured and added 
together for total radium. The numeric A WQS for total radium is 5 pCi/L. If the gross alpha 
exceeds 15 pCi/L, uranium is analyzed and subtracted from the gross alpha value to obtain 
adjusted gross alpha. The numeric A WQS for adjusted gross alpha, the particle activity that 
includes radium-226 but not radon and uranium, is 15 pCi/L. 

Table 6 summarizes the radiochemical results for the test wells. Note that radiochemicals were 
not analyzed during the September 2000 sampling event. For December 2003, there were 4 
AWQS exceedances for adjusted alpha and 7 for total radium from the test field. Figure 7 shows 
the alpha activities (gross or adjusted) by well. In general, gross alpha or adjusted gross alpha 
and total radium have decreased throughout the test field since 2001. 

Six of the alpha and radium exceedances occur in the two cluster wells CH-1 and CH-2. 
Uranium appears to be increasing in the two cluster wells inside the ring of injection wells, 
however, these wells cannot be purged completely and as such, may not represent accurate 
concentrations in the test field. 
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The remaining 5 exceedances occur in BHP-2, BHP-12, and OWB-4. It is important to note that 
none of the samples from these wells have indicated an acid-related impact. In fact, pH values 
from samples collected from BHP-2 and OWB-4 have remained above 7 standard units in 
samples collected in 2000, 2001, and 2003. Samples from BHP-12 equaled or exceeded a pH of 
6.7 or more in 2000 and 2001. In the 2003 sample: the pH was 7.3. Additionally, sulfate values 
for the same wells show little variation over the same period. In contrast, sulfate values in wells 
impacted by leaching have decreased significantly over the same period. This indicates that the 
elevated alpha and radium values are not related to acid conditions and are likely background 
values. 

3.7 DISCUSSION OF RESULTS 

The analytical results presented above for the 2003 sampling event indicate that the 
concentrations of all constituents that have numeric A WQS are below A WQS, with the 
exception gross alpha and radium. However, those concentrations are consistent with 
background conditions as discussed below and in Section 5 ofthis report. 

Concentrations of constituents which do not have numeric A WQS were also reviewed. The 
review indicated that samples from the converted injection wells and some immediately nearby 
wells contained metal concentrations in excess of the NSDWS, e.g., copper values exceeded the 
NSDWS of 1 mg/L. The same samples were also found to have pH values below the range of 
6.5 to 8.5 established as a NSDWS. 

High sulfate and TDS concentrations were in the injectate and PLS because the solution injected 
into the formation contained 2 percent sulfuric acid. Samples collected during the 3 sampling 
events indicate that virtually all of the acid has been removed. Samples collected from the 
converted injection wells in 2003 bad concentrations equal to or below 160 mg/L, as compared 
to the NSDWS of250 mg/L. 

The significance of the conditions involving gross alpha, radium, metals, and pH are specifically 
addressed in Section 5. 
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4.0 ANALYTICAL RESULTS OF EVAPORATION POND 

All groundwater pumped from the test field, during the 90-day test and following the completion 
of the test has been pumped to the evaporation pond where concentration has occurred as a result 
of evaporation. Water from the pond was collected in November 1999, June 2001, and 
December 2003, while sediments from the pond were collected in November 1999 and 
December 2003. Results of pond water samples are included with the groundwater results in 
Tables 1 through 6. 

4.1 FIELD PARAMETERS 

The pH in the pond water ranges from 6.7 to 7.7, which meets the NSDWS. The pond sediments 
were reported to have a pH of7.6 (Table 8). 

4.2 INDICATOR PARAMETERS 

The pond water has high concentrations of the indicator parameters as expected. All four 
analytes are significantly higher than concentrations reported in samples obtained from the test 
field (Table 1). Fluoride in the pond water exceeds the AWQS of 4 mg/L, with concentrations 
ranging from 6.2 to 13.0 mg/L. 

4.3 METALS 

Concentrations of metals in the pond water are not significantly higher than those observed in the 
test field. This would suggest that the majority of the metals precipitate out into the sediments. 

Metals concentrations in the sediments have been measured by two different methods, one to 
measure the total metals in the sediments and the other to measure the amount of leachable 
metals in the sediments. These results are shown in Table 7. 

Leachable metal concentrations are compared to the A WQS. No metals exceed the standards. 
Therefore these sediments do not present a danger to the underlying aquifer if the material 
should be leached. Also the leachate is not a hazardous waste. 

Total metals are compared to the residential and non-residential soil remediation standards and 
groundwater protection limits. Metal concentrations are substantially below all available limits. 
Therefore the sediments can be left in place without remediation. 
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4.4 INORGANICS 

For pond water, alkalinity, nitrate, and silica have reported concentrations similar to 
concentrations reported in samples obtained from the test wells, while concentrations ofcalcium, 
chloride, and potassium are significantly higher. Analytical results of sediment samples are 
shown in Table 8. 

4.5 ORGANICS 

BTEX and diesel petroleum products were analyzed m samples from the pond water and 
sediments. No organic compounds were detected. 

4.6 RADIOCHEMICALS 


There were no exceedances of the AWQS for the pond water. 
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5.0 HYDROGEOLOGIC AND GEOCHEMICAL EVALUATION 

As discussed in Section 3, gross alpha and radium concentrations were detected above the 
numeric A WQS in samples from some of the test wells. Some constituents (primarily pH and 
metals such as aluminum and copper) which do not have A WQS were detected in concentrations 
which exceed the NSDWS. The samples were obtained from the converted injections wells and 
from wells that are located between the converted injection wells. The purpose of this section is 
to present information that will enable groundwater conditions which exceed either the A WQS 
or the NSDWS to be evaluated in context of the Florence ore body and the surrounding valley 
fill. 

A large body of information regarding the ore body's features and hydrogeologic setting was 
developed by CONOCO during its exploration and feasibility studies. These data incJuded data 
from approximately 700 exploratory coreholes (Magma, 1995). Magma included much of the 
data generated by CONOCO and data generated by its own studies in a detailed Site 
Characterization Report (APP Application Vol. 2) that was submitted to ADEQ and USEPA. 
That report included the results of geologic and hydrologic investigations of the Site and was 
designed to provide sufficient technical data and interpretations to support the environmental 
permitting of the mining facility. It included historical as well as recent (1995) site conditions. 
Summaries of information presented in the APP Application are provided below in order to 
provide an understanding of the current (2004) site conditions. The summaries are followed by a 
discussion of the groundwater quality impacts that resulted from the hydraulic control test and 
the subsequent leaching of the )each zone. 

5.1 PHYSIOGRAPHIC SETTING 

The Florence Project is located within the Sonoran Desert section of the Basin and Range 
physiographic province ofsouth-central Arizona. The last major tectonic event left a topography 
of deep basins surrounded by mountain ranges. The basins are now sediment-filled valleys, and 
the mountains are low and rugged. The Gila River traverses the region from east to west (Figure 
I) and passes approximately 1 mile south of the Project Area. The braided riverbed meanders 
through a broad valley averaging 2 to 3 miles in width in the vicinity of the Town of Florence. 
Due to upstream control and diversions, the Gila River is generally dry, with the exception of 
brief flow following intense seasonal rainstorms or releases from upstream dams. 

5.2 GEOLOGIC SETTING 

During the Precambrian and into the early Paleozoic time, regional stresses caused east-northeast 
trending structural lineaments. One such structure in southern Arizona is the Ray Lineament 
trending north 70 degrees east and extending approximately 50 miles from the Sacaton 
Mountains to the Pinal Mountains. At Florence, the lineament intersects a pre-existing 
Precambrian diabase dike swarm that strikes north 10 to 30 degrees west. Many east-northeast 
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trending Laramide age intrusive bodies were emplaced in central Arizona at the intersections of 
zones of weakness associated with the emplacement of the lineament (Figure 9). These 
intrusions consisted of granodiorite and quartz monzonite. Hydrothermal mineralization 
associated with these intrusions resu1ted in the formation of porphyry copper ore deposits. The 
Florence ore body was formed in this fashion. More recent Basin and Range faulting and tilting 
in the Florence Project Area resulted in north-northwest trending horst and graben structures 
bounded by normal faults with large displacement to the west. 

The Florence ore body occurs on a complex borst block which is bounded on the east and west 
by grabens. The Party Line Fault defines the east side of the ore body with a vertical 
displacement of over 1,000 feet. The Sidewinder Fault is part of a series of en echelon normal 
faults which form a transition to the graben west of the test area. Post-Basin and Range basin-fill 
sediments were deposited over the bedrock surface (Figure 4). The sediments consist of 
unconsolidated to moderately well-consolidated interbedded clay, silt, sand, and gravel in 
variable proportions and thicknesses. Basalt flows are interbedded on the west and northwest 
portions of the in-situ mine area. 

The basin-fill deposits in the region are divided into 3 units: (1) the Upper Basin-fill Unit 
(UBFU); (2) the Middle Fine-Grained Unit (MFGU); and (3) the Lower Basin-fill Unit (LBFU). 
Although perhaps not contiguous, these units likely correlate with similar units described by 
Laney and Hahn (United States Geologic Survey [USGS], 1986) in the eastern Salt River Valley 
to the north. 

Figures 10 and 11 depict east-west subsurface cross sections that straddle the test field. The 
LBFU overlies bedrock, with the lower, more consolidated materials forming a conglomerate. In 
the Project Area, the thickness of the LBFU ranges from zero near the surface bedrock outcrops 
to approximately 1 ,000 feet in the grabens. 

In the test area, the MFGU is composed of clays, silts, and sands which are consolidated to 
various degrees. The MFGU is generally discontinuous in the vicinity of the test area and varies 
in thickness up to approximately 50 feet. 

The UBFU in the vicinity of the test area consists of unconsolidated to weakly bedded clays, 
silts, sands, and gravels. Recent floodplain alluvium occurs along the Gila River and numerous 
tributary washes in the Florence area. Together, the UBFU and alluvium have a fairly uniform 
thickness ofapproximately 250 feet. 

5.3 HYDROLOGY 

The Florence area is located along the northern edge of the Eloy sub-basin of the Pinal Active 
Management Area (AMA). It is also approximately 2.5 miles south of the southern edge of the 
Eastern Salt River Valley sub-basin of the Phoenix AMA. Locally, the UBFU is analogous to 
the Upper Alluvial Unit (UAU) discussed in Pinal AMA studies (Arizona Department of Water 
Resources [ADWR], 1991). This unit forms a significant aquifer throughout the area with well 
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yields of up to 3,000 gallons per minute (gpm). The middle unit is highly variable in thickness 
and is m~ch les.s pr?ductive than the upper or lower units. While of lower permeability than the 
surroundmg umts, tt does not serve to confine the LBFU except in small localized areas. The 
LBFU or Lower Al1uvial Unit (LAU) also produces copious groundwater with yields ofbetween 
1,000 and 2,500 gpm. 

Project-specific investigations characterized the vadose zone and the groundwater quality and 
level within the proposed in-situ mine area. The investigations were conducted by installing 
numerous monitoring wells, conducting aquifer tests on four of the wells, performing 
geophysical logging on the deeper wells, followed by gauging and sampling of the 14 new wells 
and 4 pre-existing irrigation weBs in the immediate area. The following sections summarize the 
results of the above studies and compare the predicted geochemical changes with those observed 
during after the field test. 

Groundwater elevations in the area circa 1900 represent pre-development conditions. At this 
time the elevations ranged from 1,380 to 1,420 feet above mean sea level (amsl), approximately 
40 to 50 feet below ground surface (bgs). During the period 1923 to 1977, water levels declined 
an estimated 150 feet due to substantial groundwater withdrawals and partial elimination of flow 
in the Gila River. Between the mid 1970s to the mid 1980s, water level generally rose with 
elevations of approximately 1,250 to 1,300 feet amsl. During the 1980s and early 1990s, the 
water level elevations appear to have stabilized (Montgomery 1994). Water levels measured 
during the 1995 site investigation ranged from 100 to 150 bgs, or elevations of about 1,300 to 
1,380 feet amsl. 

Currently, both the UBFU and LBFU aquifers are recharged primarily through subsurface flow 
from the Gila River channel. Percolation of agricultural water and a small amount ofrainfall and 
surface runoff from the mountains at the basin perimeter also contribute. A groundwater model 
for the area was developed in support of the APP Application (Vol. IV). The model incorporated 
results from 3 previous studies in the surrounding areas (ADWR, 1990, 1994, and Montgomery, 
1994). 

Flow enters the regional model domain along the eastern boundary, through and under the Gila 
River, then migrates westward toward the mine area. West of the mine area, the approximate 
center of a deep basin trending north to south marks the location where flow divides into three 
flow regimes moving north, south, and west and exiting the domain at these three boundaries. 
The presence of bedrock highs to the north and northeast of the mine area and on the western 
border restricts the flow in these regions and creates the distinctive pattern of groundwater flow 
shown in Figure 12. · 

The hydraulic conductivity for the UBFU in the model was set to 60 feet per day (ft/day) in the 
regional domain and 40 ftlday in the vicinity of the test area. The conductivity of the LBFU 
ranged from 20 ft/day in layers 2 and 3, to 0.5 ft/day in layer 8 (below 300 feet amsl elevation). 
For the oxide zone ofthe test area, the model calibrated hydraulic conductivity was 0.1 ftlday in 
the main area and 3 ftlday within the fault areas. Porosity was assumed to be 0.2, 0.1, 0.02, and 
0.0002 for the UBFU, LBFU, oxide, and sulfide zones respectively. In several instances where 
the column and in-situ leaching experiments are discussed, a porosity of 10 percent was used. 
The "true" in~situ value within the leach test field is difficult to determine, however the larger 
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scale value of 2 percent used in the groundwater flow model, is directly correlated with the 
"calibrated" hydraulic conductivity of 0.1 ftlday. Therefore, the following calculation retains the 
values used in the groundwater flow model. 

To calculate the rate of groundwater flow through a formation the Darcy equation is used: 

v = Ki 
l1e 

where: v = Groundwater velocity (ftlday) 

K = Hydraulic conductivity (ftlday) 


= Hydraulic gradient (ftlft) 

l1e = Effective porosity (dimensionless) 


To the northwest of the test area, the gradient is approximately 10 feet elevation change over 
2,000 linear feet or 0.005. Thus the range of calculated groundwater velocities is from 0.025 
ftlday within the oxide zone of the ore body to 0.5 ftlday in the UBFU. 

5.4 FLORENCE ORE BODY 

The Florence ore body deposit consists of highly fractured Precambrian quartz monzonite (71 
percent) and Laramide granodiorite porphyry (26 percent). This distinction is important due to 
the differing concentrations of trace metals such as uranium in the minor minerals such as 
plagioclase and potassium-feldspar. Copper in the oxide zone is contained mainly in 
disseminated copper-enriched smectite formed from altered plagioclase, and in the fracture­
filling chrysocolla, tenorite, and copper clays. The sulfide zone contains copper and other 
metallic sulfides that are not economic to recover. Intact drill samples of the ore body generally 
display a low porosity of approximately 2 percent. However, due to the intense fracturing, a 
value of 10 percent was used in modeling the column studies discussed below. 

Prior studies ofcopper deposits in Arizona indicated that elevated levels ofradioactivity, often in 
excess of federal MCLs, were frequently encountered (USEPA, 1999). Likely sources of the 
radionuclides are the Precambrian granite outcrops and Laramide intrusives (ADEQ, 1989). 
Detailed analyses of test samples from the Florence site by BHP indicate that leachate from the 
quartz monzonite and granodiorite is highly enriched in uranium and radium-216, and 
correspondingly, both display high counts of gross alpha. In addition, the leachate showed that 
the quartz monzonite displays gross alpha of approximately an order ofmagnitude higher (8,649 
pCi/L vs. 897 pCi/L) than the granodiorite (APP Application, Vol. IV). As seen in the cross 
section D·D' through the ore body reproduced here as Figure 10, the test field wells penetrate ore 
consisting predominantly of granodiorite but there are also zones of quartz monzonite. Detailed . 
examination of the drill logs shows that at some locations both quartz monzonite and 
granodiorite occur in thin alternating zones or may be mixed together. Another cross section 
drawn to the south of the test field shows the quartz monzonite thickening toward the south 
(Figure 11 ). It is therefore expected that the concentrations of gross alpha would be high and 
variable in the test wells. 
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The ~oal of th~ in-situ leaching t~st w~s to pr~ferentially dissolve copper minerals. The general 
leachmg reactiOn between sulfunc ac1d solution (raffinate) with a pH of approximately 2 and 
chrysocolla, yields free dissolved copper and hydrated silica. In the process, gangue minerals 
su.ch as calcite (CaC03) react. with raffina!e, neutralizing the acid and producing secondary 
mmerals such as gypsum. Durmg the leachmg phase, this latter reaction wastes acid therefore 
attem~ts are made to minimize the effect. However, during the recovery phase, any re~idual acid 
that m1ght migrate from the test zone is neutralized via the same reaction. 

Two independent laboratory column and bulk leaching experiments were performed. The first 
set of experiments was contracted to Core Laboratories. One of the studies involved the 
determination ofthe Acid Neutralization Potential (ANP) of the various rock types in the vicinity 
of the test area (APP Application, Vol. TV, Appendix A). A net positive ANP was indicated for 
all 21 samples submitted for analysis. ANP results are traditionally expressed in tons of calcium 
carbonate per kiloton of the material analyzed. The MFGU contains the highest ANP of the 
materials tested (197 tons per kiloton [T/kT]). However, even the samples from the sulfide zone 
showed appreciable ANP due to their low pyritic sulfur content. In fact, the lowest values were 
for the quartz monzonite oxide zone (average 4.3 T/kT), while the non-calcareous basin-fill 
material averaged 8.6 T/kT and the calcareous basin fill material averaged 71 T/kT. Thus, any 
acidic solutions that come in contact with the surrounding basin-fill materials would be quickly 
neutralized. · 

Additional tests were conducted by Controls for Environmental Pollution, Inc., to determine the 
radiochemical composition of the various ore-body materials. These results were reported in the 
APP Application as well as the USEPA survey "Technologically Enhanced Naturally Occurring 
Radioactive Materials in the Southwestern Copper Belt ofArizona (TENORM, USEPA, 1999)." 
The observed enrichment of radionuclides within quartz monzonite is discussed above and is 
shown to be characteristic ofArizona copper ore. 

The second independent set of experiments consisted of two column tests and geochemical 
modeling that were conducted at the University ofArizona using material collected from the test 
field (Brewer, 1998). X-ray diffraction and electron-dispersive spectrometry were used to 
identify the predominant mineral phases. Laboratory column leaching experiments were 
conducted to determine the copper recovery and acid consumption of material. In these 
experiments, two 1.524-meter by 0.3048-meter columns were loaded with approximately 150 
kilograms of fragments obtained from two separate diamond drill cores of the oxide zone. Both 
columns contained varying proportions of granodiorite porphyry and quartz monzonite. 
However~ column B contained andesite with fractures coated with calcite. The leach solution 
was continuously adjusted to maintain a pH of approximately 1.4 while being circulated through 
the columns. The geochemical changes in the leachate, during the laboratory experiments, were 
modeled and found to be consistent with the above conceptual chemical model but could not 
completely account for the chemical changes in the leachate due to a much higher concentrations 
of calcite than expected and the inability to model gypsum dissolution and precipitation in the 
presence of sulfuric acid. For core B, it took over 21 days (approximately 3 pore volumes) 
before the pH of the effluent (PLS) decreased to less than 6. However, for core A, the pH was 
less than 3 within the first sampling round of 7 days. The ANP was determined to be 3.13 and 
6.25 T/kT for columns A and B respectively, in exce1Jent agreement with the Core Laboratories 
results discussed above. 
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After 84 days of leaching, tap water was injected into both the columns to simulate the 
reclamation phase of the in-situ leaching. In both cases, once acid injection ceased, pH 
recovered to approximately 4 in about 60 days (after the passage of approximately 8.5 pore 
volumes). Additional flushing at higher, but unreported, flow rates resulted in obtaining a final 
pH of7 at day 180. 

5.5 ThfPACT OF HYDRAULIC CONTROL TEST ON GROUNDWATER 

The hydraulic control test involved the injection of 2 percent sulfuric acid via 4 injection wells 
into the test area of the oxide zone for 90 days. Since the test was completed in February 1998, 
ambient groundwater has been continuously pumped from the test area to maintain hydraulic 
control and to rinse leachate from the ]each zone. Approximately 16.8 million gallons of acidic 
solutions were injected during the test through 4 injection wells. Approximately 123 million 
gallons of leachate and groundwater have since been extracted from the same 4 wells. The 
injection wells were converted to recovery wells once injection had been discontinued and were 
used to pump leachate and groundwater at rates which are significantly. less than the injection 
rates but sufficient to maintain hydraulic control. 

5.5.1 Current Groundwater Flow Conditions 

Regional groundwater flow in the area has not changed appreciably since the previous 
characterization was performed in November 1995 (Figure 12). At that time, the groundwater 
level at the divide just south of the mine area was approximately 1,350 feet amsl. More recent 
water level measurements obtained from the ADWR well database, supplemented by BHP 
measurements, indicate that by October to November 2001, the level has dropped across the 
region about 50 feet to approximately 1,300 feet amsl at the divide (Figure 13 and Table 9). The 
available data (Table 9) was contoured using the natural neighbor gridding algorithm and the 
computer program Surfer. The contours within the enlargement (Figure 14) show the successful 
achievement of hydraulic control for the test field. Groundwater levels are drawn down 
approximately 75 feet at the extraction well. The gridding procedure extends the contours to 
approximate the effectiveness of this capture zone outside the test field. 

5.5.2 Evaluation of Test Results 

5.5.2.1 pH Results 

As mentioned previously, several of the wells within the center of the test field continue to have 
pH concentrations of less than 6 (Wells BHP-6, 7, 8, 9, and CH-2). The first 4 wells are the 
converted injection wells and CH-2, which has 2 sampling ports, is located in the middle of the 4 
converted injection wells. The groundwater from these wells is believed to contain little, if any, 
of the acid that was introduced during the hydraulic control test, given the long sampling 
duration and surprisingly low sulfate values. Samples of groundwater from these wells show 
negligible bicarbonate and carbonate ion concentrations and low calcium concentrations, thus 
suggesting intense leaching ofthe host rock. 
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The rock through which groundwater is currently being extracted was formerly in direct contact 
with the acid circulated through the injection wells and hence was subjected to the most intense 
leaching during the first phase of the test. During the laboratory column studies, the ANP was 
eventually overcome and a complete new mineral assemblage formed as new equilibrium 
conditions were established due to removal of magnesium (and copper) from the ore and the 
accompanying breakdown ofthe clay minerals. 

The current low pH of the water extracted from this region is consistent with a geochemical 
model (PHREEQC) in which the buffering capacity of the rock in the center of the test field has 
been reduced leading to current values of low pH being controlled by equilibrium with goethite 
{FeO(OH)], jarosite [KFe3(S04)2(0H)6], amorphous silica [Si02] and aluminum hydroxide 
[Al(OH)J]. 

The reaction of dissolved oxygen in groundwater with sulfide-bearing minerals is another 
potential source of low pH. Because the groundwater obtained from the converted injection 
wells has little, if any, buffering capacity, it is not necessary that the reaction release large 
quantities ofprotons to create the low pH conditions observed. Therefore, only modest amounts 
of sulfide may be I:Jecessary to create the observed pH values. Sufficient amounts of sulfide may 
be present in lenses within the oxide zone. Higher concentrations are likely to exist in the 
transition between the oxide and sulfide zones and, ofcourse, much higher sulfide concentrations 
exist in the sulfide zone. Several of the extraction wells are screened into the transition zone as 
shown on Figure 15. All the wells are projected onto a single line and the screen intervals for the 
injection, recovery, and observation wells indicated by the striped lines. Even a minor 
contribution of water from this zone, induced by the upward gradient caused by the current 
pumping, could be responsible for the low pH observed. If this is the case, the pH values in 
these wells should increase with the cessation ofpumping. 

5.5.2.2 Radjochemical Results 

Several of the test field weBs currently display concentrations of gross alpha in excess of the 
Federal MCL of 15 pCi/L. Studies by USEPA and ADEQ indicate that within copper mining 
areas such as Florence, it is not at all unusual to find high uranium and radium concentrations 
and hence high gross alpha readings (USEPA 1999). Unfortunately, the test field wells were not 
tested prior to initiation of the leaching phase. Thus, pre-test background conditions specific to 
any of the test wells are not directly known. However, as discussed above in Section 5.4, 
laboratory experiments contracted by Magma (1996) have verified that the quartz monzonite 
rock, which comprises a significant part of the ore body, produces high counts of gross alpha 
when in contact with acidic groundwater. The survey of groundwater and surface water 
radioactivity prepared by USEPA in 1999 documents that throughout the Arizona copper belt 
high background values of gross alpha are frequently encountered. 

It has also been observed that well OWB-4 and BHP-2, which have adjusted gross alpha 
concentrations above 15 pCi/L, have never had sulfate concentrations greater than 67 mg!L. 
Such a low sulfate concentration indicates that the well has not been influenced by the leaching 
process and hence the high radionuclide content most likely reflects background conditions. 

BROWN .AND 

CALDWELL 
p :\wp\mcrrill mining llc\21622\closure plan \closure plan.doc/4/21/041\d 5-7 



Proposed Cessation ofHydraulic Control 

Florence Copper 


Florence, Arizona 


5.5.3 Migration Potential 

These next two sections discuss conditions that will limit the migration of test residues that may 
remain in the leach zone following the discontinuance ofhydraulic control. 

5.5.3.1 Groundwater Flow 

Previous discussions indicated groundwater flow rates ranging from between 0.025 ft/day within 
the oxide zone of the ore body to 0.1 ft/day in the LBFU and a groundwater flow to the 
northwest. As shown on Figure 13, the distance between the test field and the northwest 
boundary of the permitted in-situ mine area is approximately 2,500 feet. Using the higher flow 
velocity of 0.1 ftlday, it would take 25,000 days (approximately 68 years) for any fluid to 
migrate from the test field to the POC wells M6-GU, M7-GL, M8-0, M26-0, or M27-LBF 
located in the northwest comer of the mine area. 

The estimated travel time described above can be confirmed using the Theis equation and 
drawdown information available at the test field. For example, the drawdown of OWB-3 is only 
about 5 feet as compared to the drawdown of 75 feet at the nearest converted injection well 
(Table 9). A brief analysis using the Theis equation confirms that a hydraulic conductivity of 
approximately 0.1 ftlday is consistent with the observed drawdown of 5 feet, using a porosity of 
0.02 and a pumping rate of 20 gpm. This confirms the above estimate of 68 years for leachate to 
migrate to the POC wells. It is well known that most metals are retarded during transport 
through porous media by adsorption phenomena. Hence, the above migration time should be 
considered a minimum with actual times expected to be up to three times longer depending upon 
the constituent. 

5.5.3.2 Acid Neutralization Potential (ANP) 

For the majority of the wells in the test field, the groundwater chemistry is similar to that 
observed in the POC wells and meets all regulatory standards. For the solutions with 
anomalously low pH, reactions with the surrounding host rock would ensue once hydraulic 
control ceased and would result in an increased pH. Additionally, the ANP for the surrounding 
host rock, which was discussed previously in Section 5.4, shows an average of 4.3 T/k.T within 
the oxide zone and 8.6 T/k:T for the non-calcareous basin· fill material. 

The rate of groundwater circulation through the center of the test field is currently much higher 
than normal due to the hydraulic control system. This lowers the residence time of the water in 
the fonnation and may preclude complete re-equilibration. The combination of the non-pumping 
flow rate of less than 0.1 fVday with the high ANP for the surrounding rock indicates that it is 
highly unlikely· that the current disequilibrium with respect to pH would be maintained in the 
future. 
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5.6 SUMMARY AND CONCLUSIONS 

A 90-day hydraulic control test, which ended on February 10, 1998, was conducted while acidic 
solutions were being injected into and recovered from a portion of the oxide zone which extends 
beneath the mine area of the Florence Project Site. The oxide zone consists of highly fractured 
Precambrian quartz monzonite (71 percent) and Laramide granodiorite porphyry (26 percent). 
The test wells were installed in an area that is composed predominately of granodiorite but which 
also includes zones of quartz monzonite. Detailed examination of the drill logs shows that at 
some locations both quartz monzonite and granodiorite occur in thin alternating zones or are 
sometimes even mixed together. The quartz monzonite and granodiorite have differing 
concentrations of trace metals such as uranium in the minor minerals such as plagioclase and 
potassium-feldspar. The quartz monzonite displays gross alpha activity of approximately an 
order of magnitude higher than the granodiorite. · 

The hydraulic control test involved the installation of 4 injection wells, 9 recovery wells, and 7 
observation wells (two of which were cluster wells). After the test was completed, the injection 
wells were converted to recovery wells and have been pumping groundwater since February 
1998. At the same time, pumping was discontinued at all wells previously used as · recovery . 
wells. 

Pre-mine background conditions at each well are not known because samples were not collected 
before the hydraulic control tests were conducted. Groundwater sampling of the individual wells 
did not occur until June 2000. Samples were also colJected in July 2001 and December 2003. 

Although pre-test samples were not collected, the observation wells and some recovery wells 
appear not to have been impacted by the hydraulic control test. Three of the wells were reported 
to have exceedances of the numeric gross alpha and radium A WQS. Because the 3 wells appear 
not to have been impacted by the hydraulic control test, the exceedances are assumed to 
represent pre-mining background conditions. The distribution of quartz monzonite throughout 
the oxide zone, column tests conducted prior to the hydraulic control test, and samples collected 
at Ml2-0 during site characterization provide additional evidence that A WQS exceedances for 
gross alpha and radium may occur due to pre-mining background conditions. 

Data from the 2000, 2001, and 2003 sampling events clearly show that groundwater impacts 
associated with the hydraulic control test have decreased significantly at all impacted wells, with 
the exception of pH. Table 10 has been prepared to summarize current conditions and includes 
data collected in 2003. Table I 0 includes average concentrations of selected constituents that 
have no numeric A WQS and illustrates the remaining impacts associated with the hydraulic 
control test. The table clearly illustrates that evidence of impacts decreases away from the 
converted injection wells. The observation wells show no impact even though they are only 80 
feet or so from the converted injection wells. The table shows average concentrations ofselected 
parameters by well category and includes all wells in the test field (Figure 6). 
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The categories include: 

1. Converted injection weils (BHP-6, 7, 8, and 9); 
2. Central wells (BHP-1 and CH-1-B, Rand CH-2-B, and R); 
3. Original recovery wells (BHP-2 through 5 and 9 through 12); and 
4. Observations wells (OBW-1 through 5). 

Data in Table 10 indicate that the leaching remove·d virtually all alkalinity from the aquifer near 
the converted injection wells. The data also indicate that the leaching removed most of the 
alkalinity from the wells located at or near the center of the test field, a lesser amount from the 
recovery wells, and none from the observation wells. Laboratory pH measurements reflect the 
same pattern. The average pH of samples collected from the converted injected wells was 5.1. 
pH was 6.1 for samples from the central we11s, 7.5 for samples from the recovery wells, and 7.8 
for samples from the observation wells. Silica values reflect the same pattern; highest at the 
converted injection wells and lowest at the recovery and observation wells. Concentrations of 
aluminum and copper also reflect the same pattern; exceeding the NSDWS at and between the 
converted injection welJs, and complying with the standards at the recovery and observation 
wells. 

As discussed above, a small area, near and between the converted injection wells, still shows 
impacts resulting from the leachate process. However, there are no numeric AWQS exceedances 
except for gross alpha and radium, and both gross alpha and radium are believed to have existed 
in concentrations that exceed the numeric A WQS prior to the hydraulic control test. 

Constituents that do not have numeric A WQS have been evaluated in context of the NSDWS. 
They are used in this report only as a benchmark and exceedances of NSDWS do not indicate 
that the groundwater is a threat to human health. 

No NSDWS exceedance has been reported in any 2003 sample from any of the wells identified 
as recovery wells or observation wells in Table 10. Some exceedances have occurred in samples 
collected from the converted injection wells and the inner wells. For those wells, however, there 
have been significant decreases in all parameters except pH. For example, sulfate concentrations 
have dropped from about 500 mg/L in 2000, to less than 160 mg/L or less in 2003. Such low 
sulfate concentrations suggest that essentially all of the 2 percent sulfuric acid solution that was 
injected into the leach zone has been removed. 

NSDWS exceedances in the 2003 samples are presently limited to the small area near and 
between the converted injection wells and involve metals and depressed pH. Because it is 
unlikely that injectate is causing the low pH values, the low pH must result from other causes. 
The low pH most likely results from oxygenated water passing through sulfide containing 
materials and/or areas in which there is little, if any, remaining alkalinity. The elevated metal 
concentrations are related to the low pH and will decrease as pH increases. The pH values can 
be expected to remain at the same level or possibly increase at some point following the 
cessation ofpumping, as equilibriums are re-established. Once pumping has been discontinued, 
the impacted ground water will migrate slowly through materials known to have the potential to 
neutralize acids and, as that occurs, the pH will increase and the metals concentrations will 
decrease. 
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For the reasons stated above, it is very unlikely that the existing pH and metals concentrations 
would present a threat to human health or migrate outside of the test zone. The more likely 
scenario is that conditions wiiJ improve with time, effectively reducing the size of the impacted 
area. 

Therefore, Florence Copper believes the current groundwater quality qualifies for the 90-day 
suspension of hydraulic control as provided in Part li.H.2 of the APP and Part 11.1.1 of the UIC 
permit. 
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6.0 SCHEDULE 

The following describes the schedule that will be used to determine whether groundwater is of 
the quality required for the permanent cessation of hydraulic control at the test field. The 
schedule generally parallels the steps described in Section 1.5.1 for closing a mine block in 
accordance with Part II.H.2 of the APP and Part ILl. I of the UIC permit. It differs from those 
steps in the way that sulfate is used as an indicator. 

Part II.H.2 of the APP and Part 11.1.1 of the UIC permit were written for the purpose of closing 
mine blocks at the end of their operating lives. They included the concept of using sulfate as AN 
indicator in an effort to avoid non-productive sampling and analysis as each well was being 
evaluated for closure. It was envisioned that data from the initial round of sampling of all wells 
within the mine block would provide enough data to statistically determine a sulfate value that 
would apply to all wells w ithin the mine block. 

The permits did not include specific procedures for the test field because it was assumed the test 
wells would become part of a mine block and closed accordingly. The concept of a universal 
sulfate indicator that would have been applicable to a mine block can not be fully applied to the 
test field because there are not enough injection wells in the test field to statistically develop a 
universal indicator. For that reason, the schedule presented below employs sulfate as an 
indicator on a well·specific basis. 

The schedule usest on a per sample basis, the sulfate value multiplied by a factor of 1.25. The 
factor takes into account normal sampling and analytical variability. The schedule is not 
intended to apply to gross or adjusted alpha, radium, or organics. Gross and adjusted alpha and 
radium are excluded because values in excess of AWQS existed in the test area before the test 
was conducted and are therefore exempt pursuant to Part II.H.2 of the APP and Part II.I.l of the 
VIC permit. Organics are not included because the data presented in T able 5 satisfy the 
previously cited pennit requirements. As shown in Table 5, organics have not been detected 
above detection limits in any sample collected during the 3 previous sampling events. Thus, 
there is no need to continue sampling for organics. 

The schedule begins at a point equivalent to Step 8 shown in Section 1.5.1, i.e., samples 
coll ected at each well have been found to meet the numeric AWQS or pre-mining background 
conditions and have sulfate concentrations below 750 mg/L (ppm). 

1. 	 Hydraulic control will be suspended for 90 days beginning not later than 10 working days 
following notice that this schedule has been approved by the ADEQ and the USEP A. 

2. 	 Within 10 days following the 90th day of the suspension, samples will be collected and 
delivered to a licensed laboratory 

3. 	 Samples will be preserved for analysis of all Part IV, Table III.C constituents, but will be 
analyzed first for sulfate. 
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4. 	 The sulfate values will be compared well-by-well to sulfate values reported from the 
December 2003 sampling event. 

(a) If the sulfate value does not exceed the 2003 sulfate value by a factor of more than 
1.25, the groundwater will be considered to have met the conditions of both the APP 
and UIC permit and no further analysis will be required. 

(b) If the sulfate value exceeds the 2 003 value by a factor of more than 1.25, but is less 
than either of the 2000 or 2001 sulfate values, any constituents, excluding gross alpha 
and radium, from preceding years which exceeded A WQS will be analyzed. lf these 
constituents are found to meet A WQS or if the well has no history of A WQS 
exceedances other than gross alpha and radium, then groundwater will be considered 
to have met the conditions of both the APP and UIC permit and no further analysis 
will be required. Ifan A WQS exceedance is reported, rinsing will continue. 

(c) If the sulfate value exceeds the 2003 sulfate value by more than a factor of 1.25 and 
also exceeds the values reported in 2000 and 2001, the sample will be analyzed for all 
Part IV, Table III.C constituents excluding organics. If the analysis indicates that all 
constituents other than gross alpha and radium meet the numeric· A WQS, the 
groundwater will be considered to have met the conditions ofboth the APP and UIC 
permit and no further work will be required. If any of the constituents, other than 
gross alpha or radium, exceed the numeric A WQS, rinsing will continue. 

5. 	 A report detailing the results of the analysis will be submitted to ADEQ and USEPA within 
20 working days following receipt of the final laboratory report. 

Unless ADEQ or USEPA objects to the report within 30 days after it has been filed, Florence 
Copper may begin closing the wells in accordance with the approved well abandonment plan. 
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TABLE I. TEST FIELD · FIELD PARAMETER RESULTS 


WeU ID Sample Dat.t 

BHP-6 Doc 292003 

Jun04 2001 

Sep202000 

~-7 Dec2.92003 

Jun04 2001 

Sep 202000 

BliP-S Dec29 2003 

Jun04 2001 

Sep20 2000 

BHP-9 Dec 29 2003 

Jun04 2001 

Sep20 2000 

,BliP- I Dec29 2003 

Jull2 2001 

Sep2l 2000 

BHP-2 Jan 12 2004 

Jun04 2001 

Sep21 2000 

!BHP-3 Dec2.92003 

Jun042001 

Sep20 2000 

BHP-4 Dec29 2003 

Jun04 2001 

Oct 192000 

BliP-S Dec29 2003 

Jun 04 2001 

Sep202000 

IBHP-10 Doc 29 2003 

Jun04 2001 

Sep202000 

BHP-11 Dec302003 

Jun04 2001 

Sep202000 

BHP-12 Dec 30 2003 

Jun 04 2001 

Temperacun Temperature 
("C) ("F) 

Jnjedlon/Pumping Wells 

21.9 11A 

23.7 74.7 

23.9 7$.0 

21.9 71.4 

24.2 15.6 
24.4 75.9 
22.2 72.0 
24.4 75.9 

24.3 75.7 

21.4 10.5 
23.9 75.0 

23.7 74.7 

Recovery WeDf 

22.5 72.5 
23.3 73.9 

23.6 74.5 

24.9 76.8 

24.5 76. 1 

24.7 76.5 

23.2 73.8 

24.8 76.6 

24.9 76.8 

22.8 73.0 

24.1 1S.4 

23.5 74.3 

23.1 73.6 

24.5 76.1 

24.3 15.1 

22.0 71.6 

24.2 15.6 

24.4 1S.9 

23.6 74.5 

24.6 76.3 

25.0 77.0 

21.7 71.1 

23.8 74.8 

p8 C:O..duclirity 
(!ambosl<m) 

3.96 728 

3.83 1171 

4.06 1S17 

5.14 636 

4.14 1008 

4.06 1326 

4.48 756 

4.68 1150 
4.61 1448 

4.34 701 

3.78 1066 

:uo 1398 

6.12 808 

6.34 1124 

6.51 1338 

7.74 822 
7.32 SIS 

7.23 838 

7.37 798 

7.17 8S4 

6.58 981 

6.96 8S3 

7.14 874 

7.12 918 

6.46 687 

5.81 762 

5.81 873 

6.96 m 
6.86 797 

6.78 854 

7.51 838 

7.40 840 

6.78 an 
7.30 786 

6.74 900 

Octl9 2000 23.2 73.8 6.70 974 



TABLE 1. TEST FTELD • FlELD PARAMETER RESULTS 

WeiiD> SampleDa~ Temperlllo~ T..,...atun: pH Conductivli,Y 
(+C) ("F) (!>mhos/em) 

Recovery Wells 

BHP-13 Dec29 2003 23.2 73.8 7.51 761 
Jun05 2001 24.2 75.6 7.55 810 
Sep202000 24.4 75.9 6.68 845 

Observation Wells 

~HI-0 Dec302003 NA NA NA NA 
Jun 04 2001 NA NA NA NA 
Sep212000 22.6 72.7 6.!1 1272 

~1-~ Dec 302003 NA NA 6.60 712 

Jon OS 2001 22.9 73.2 6.53 1237 

Sep 21 2000 22.4 12.3 6.08 1523 

Pii-R Dec 302003 NA NA 6.80 1026 
Jon OS 2001 22.7 72.9 6.43 1318 

Sep 212000 22.9 73 .2 6.11 1525 

CH2-G Dec 30 2003 NA NA NA NA 

Jun 05 2001 23.0 73.4 4.46 !141 

Stp21 2000 :ns 71.2 4.23 1472 

CH2-B Dec 30 2003 NA NA 4.82 630 

Jon05 2001 22.9 73.2 4.31 1104 

Stp 21 2000 22.2 72.0 4.17 1513 

CR2·R Dec302003 NA HA 4.96 626 

Jun052001 23.6 74.5 4.34 1271 

Sep21 2000 22.2 72.0 4.33 1533 

OWB-1 Dec 302003 22.0 71.6 7.62 782 
Jon05 2001 23.7 74.7 7.70 812 

Sep 21 2000 23.8 74.8 7.16 835 

OWB-2 Dee 302003 21.0 69.8 7.38 !135 

Jul 12 2001 21.1 70.0 7.25 1410 

Sep202000 NA NA NA NA 

OWB-3 Dec292003 22.2 72.0 7.23 775 

Jun05 2001 23.7 74.7 1.53 805 

Sep202000 23.6 74.5 6.98 822 

OWB-4 Dec30 2003 23.2 73.8 7.56 m 
Jun05 2001 24.1 75.4 7.50 801 

Sep 212000 24.2 75.6 6.88 824 

OWB-5 Dec302003 23.2 73.8 7.61 780 

Jun OS 2001 24.2 75.6 7.74 808 

Sep 212000 24.5 76.1 7.24 845 



TABLE J . TEST FIELD· FIELD PARAMETER RESULTS 


WoUlD Slomple Da~ T•mpecal~ Tempualun: 
('C) (•F) 

El•aporation Pond 

pB ConducliviiJ 
(.ombostcm) 

!Evap Pond Dec30 2003 
JunOS 2001 

NA 
27.5 

NA 
81.5 

7.69 

6.71 
7470 
7850 

Sep202000 NA NA NA NA 

NA ~ N()t meas~ or nO( sampled 



TABLE 2. TEST FIELD - INDICATOR PARAMETER RESULTS 


WelllD Sampl~ Date 

OWB-5 	 Dec302003 

Dec 302003° 


}unOS 2001 


Sep21 2000 


IJ:vapPond 	 Dec 302003 

Jun OS 2.001 

Sep 212000 

Nov 09 1999 

Nov 09 1999" 

Nov09 1999• 

Ari2olUI Aquirer Water Quality StoJldj>rd 
Na tional S~nda~ Drinkinl\ Water Regs 

AJJ IC$U)IS in milligrams per liter (m&{L) 
< ,. Jess 1llan detection limit 
• " Field duplicate sample 
NA .,. Not sampled or not analyzed 

Magnesium Sulf10te 

Observation Wells 


13 6() 


13 60 


13 S2 

14 54 


Evaporation Pond 


460 10000 


330 4100 


NA NA 

22.0 3000 

230 3300 


220 3300 

. . 

- 250 

Fluor ide T ol31 Dissolved 
Solids 

0.46 470 


0.51 480 


0.47 491 


0.51 475 


6.2 8700 


13.0 6900 


NA NA 

8.8 4670 


10.0 78W 

7.9 4660 


4 . 

2 500 




TABLE 2. TEST F1ELD ·lNDlCo\TOR PARAMETER RESULTS 

WeiiJD SampleDnte Magnesium Sulfate Fluoride Total Dissolved 
Solids 

lnjection/Pumpin& Wells 

BHP~ Dec29 2003 12 ISO 0.86 550 

Jun 04 2001 26 420 1.3 892 
Sep 202000 39 570 1.7 1140 

BHP-7 Dec292003 9 97 0 .94 440 
Jun04 2001 21 280 1.3 725 

Sep20 2000 34 450 1.7 959 

!HiP-& Dec29 2003 13 160 0.92 530 
Jun 04 2001 27 410 1.3 871 

Sep202000 39 540 1.6 1100 

IBHP-9 Dec29 2003 12 130 0.96 490 

Jun 04 2001 25 360 1.5 785 

Sep202000 36 490 2 .0 1030 

Reawery Wclll 

BHI'·l Dec29 2003 18 130 0.91 500 

Ju112 2001 30 240 0.78 763 

lui 12 2001• 28 260 0.78 767 

Sep 212000 34 390 0.68 904 

BHP-2 Jan 12 2004 J3 67 0.69 470 

Jun04 2001 13 60 0.61 476 

Sep212000 14 64 0.62 493 

IBHP-3 Dcc29 2003 13 69 o.ss 470 

Jun 04 2001 14 73 0.78 488 

Sep202000 IS 130 0.94 549 

Dec292003 16 130 0.88 550!BHP-4 
Juo04 2001 16 93 1.1 517 

Oct 192000 19 110 1.2 493 

BHP-5 Dec 292003 12 67 1.7 420 

Dec292003* 13 69 1.6 470 

Jun04 2001 14 110 1.2 477 

Sep202000 16 160 1.3 524 

Dec292003 14 60 1.0 440 

Jun 04 2001 15 59 1.2 451 

Sep202000 17 66 1.3 

~HP-10 

436 

BHP-11 Dec 302003 13 97 <0.4 520 
Jun 04 2001 14 64 0.42 489 

446Sep202000 15 66 0.5 



TABLE2. TEST F1ELD · INDICA TOR PARAMETER RESULTS 


Well lD Sample D• te Magnesium Sultate J'lu~ride T otal Dissolved 
Solids 

Recovery Wells 

BHP-12 Dec 302003 16 76 0.84 500 
Juo 04 2001 18 120 1.2 523 
Ocl 19 2000 24 160 1.3 558 

BHP- 13 Dec 29 2003 13 57 <0.4 480 
Juo 05 2001 13 52 0.44 466 
Sep 20 2000 14 62 0.54 428 

Observation Wdls 

CH1-0 Dec 30 2003 NA NA NA NA 
Jun 04 2001 NA NA NA NA 
Sep 21 2000 37 430 0.96 953 

~HI ·B Dec 302003 16 140 1.1 490 
Jun 05 2001 25 340 0.81 736 

Sep 21 2000 34 400 0.85 895 

CR I·R Dec 302003 Z6 300 0.93 740 

Jun 05 200 1 Z6 340 0.9 753 
Sep21 2000 37 420 0.85 904 

CH2-G Dec 302003 NA NA NA NA 
Jun OS 2001 25 370 1.6 875 

Sep 2 1 2000 45 640 2.1 1210 

CHZ-B Dec 30 2003 12 120 1.5 520 

Jun OS 2001 26 400 1.6 869 

Sep21 2000 47 630 1.7 1250 

CR2·R Dec 302003 II 100 1.0 510 

Jun 05 2001 26 390 0.81 812 

Sep 21 2000 47 670 1.5 1320 

OWB-1 Dec 302003 I~ 62 <(}.4 480 

Jun OS 2001 14 53 0.49 484 

Sep21 2000 15 96 0.46 479 

OWB-2 Dec 302003 21 180 0.64 770 

Jul12 2001 30 210 0.69 1010 

Sep20 2000 NA NA NA NA 

OWB-3 Dec292003 12 SB 0.53 480 

Jun05 2001 13 48 0.53 487 

Sep202000 14 57 0.52 445 

OWB-4 Dec 302003 13 59 <0.4 480 

JunOS 2001 13 59 0.67 483 

Sep 212000 14 61 0.74 48S 
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 BHP-3 


BHP-4 

BHP-5 

B.HP·IO 

LBHP-11 

BHP·l2 

BHP-13 

SampleDak 

Dec 29 2003 


Jun 04 2001 


Sep20 2000 


Dec 292003 


Jun04 2001 


Sep202000 


Dec 29 2003 


Jun 04 2001 


Sep20 2000 


Dec292003 


Jun04 2001 


St.p202000 


Dec 29 2003 

Jul 12 2001 

Jull2 2001• 

Sep21 2000 

Jan 12 2004 

Jun04 2001 

Sep212000 

Dec292003 

Jun 04 2001 

Stp202000 

Dtc292003 

Jun04 2001 

Oc\192000 

Dec292003 


Dec292003• 


Jun04 2001 


Sep202000 


Dec 29 2003 


Jun 04 2001 


Sep202000 


Dtc302003 


Jun 04 2001 


Sejl202000 


Dec302003 


Jun04 2001 


Oa 19 2000 


Dec292003 


Jun05 2001 


Sep 20 2000 


I Alwninlum 

0.96 

2.5 

4.4 
0.49 

2.3 

4.1 

0.91 

2. 

3.5 

I.J 

2.8 

4.9 

<{).I 

0.053 

0.044 

<0.025 

<0.1 

<0.025 

<0.025 

<0.1 

<0.025 

0.035 

<0.1 

<0.~ 

0.043 

<0.1 

<0.1 

<0.025 

0.4 

<0.1 

<0.025 

0.034 

<0. 1 

<0.025 

<{).025 

<O.J 

<0.025 

0.085 

<0.1 

<0.025 

<0.025 

TABLE 3. TESI' FIELD • TRACE METAL RESULTS 

Antlmooy Aneni~ BMium I llecylllum I Cadmium J Chro!Mlm I Cobalt I Coppor Iron I u ad 1 Mon&anese Merroryl Nicktl 1 Sdenlum Thallium 1 Z!ne 

Injection/Pumping Wells 

<0.001 0.01 0.011 0 .0011 <0.001 <0.001 0.031 8.5 <0.05 0.004 0.45 <0.0002 0.036 0.002 <0.001 0.052 

<0.001 0.009 0.014 <{).002 <0.002 <{).005 0.073 17. 0.064 <0.001 1.1 <0.0002 0.081 0.002 <0.001 0.12 

<0.001 0.008 0.017 0.0034 <0.002 <{).005 O.ll 24. 0.15 0.002 1.7 <0.0002 0.13 0.002 <0.001 0.22 

<0.001 0.009 0.023 <0.001 <0.001 <0.001 0.021 3.4 <0.05 0.001 0.26 <0.0002 0.026 0.002 <0.001 <0.05 

<0.001 <0.001 0.02 <().002 <0.002 <0.005 0.071 14. <O.OS 0.002 0 .86 <0.0002 0.084 0.002 <0.001 0.096 

<0.001 0.005 0.02 0.0034 <(1.002 <0.005 0.11 24. <0.05 0.003 1.5 <0.0002 0.14 0.003 <0.001 0.21 

<0.001 0.004 0.013 O.OOll <0.001 <0.001 0.037 9.6 <0.05 0.004 0.40 <0.0002 0.042 0.003 <0.001 0.067 

<0.001 0.004 oms <0.002 <0.002 <0.005 0.082 19. 0.09 <0.001 1. <0 .0002 0.093 0 .004 <{).001 0.14 

<0.001 0.004 0.016 0.0034 <0.002 <0.005 0 . 12 28 . 0.17 0.001 1.6 <0.0002 0.14 0.004 <{).001 0.23 

<0.001 0.006 0.014 0.0011 <0.001 <0.001 0.032 8.9 <0.05 0.004 0.47 <0.0002 0.041 0 .001 <0.001 0.073 

<0.001 0.009 0.021 0.0028 <0.002 <O.OOS 0.076 19. <O.OS 0 .()02 1.1 <0.0002 0.093 0.002 <0 .001 0.12 

<0.001 0 .009 0.021 0.0046 <0.002 <0.005 0.11 26. 0.()55 0.002 1.7 <il.0002 0.15 0.003 <0.001 0.24 

Recovery Wells 

<0.001 0 .002 0.029 <{).001 <0.001 <0.001 0.007 1.4 <0.05 <0.001 0.17 <0.0002 0.025 <0.001 <0.001 <0.05 

<0.001 0.002 0.043 <{).002 <0.002 <0.005 0.007 (. <0.05 <0.001 0.18 <0.0002 0.027 0.003 <0.001 <0.05 

<0.001 <0.001 0.041 <0.002 <0.002 <0.005 0.006 l. <0.05 <0.001 0.17 <0.0002 0.026 0.002 <0.001 <0.05 

<0.001 0.001 0.053 <0.0025 <:0 .002 <0.005 <0.005 ().8 <0.05 <0.001 0.17 <0.0002 0.025 0.002 <0.001 0.1 

<0.001 0.002 0.039 <0.001 <0.001 0.002 0.005 0 .04 <0.05 <0.001 0 .007 <0.0002 0.004 <0.001 <0.001 <0.05 

<0.001 <0.001 0.05 <0.002 <0.002 <0.005 <O.OOS 0.066 <:0.05 <0.001 <0.003 <0.0002 ·<0.02 0.001 <0.001 <0.05 

<0.001 0.001 0.056 <0.0025 <0.002 <0.005 <0.005 0.074 <0.05 <0.001 <0.003 <0.0002 <0.02 0.001 <0.001 <0.05 

<0.001 0.002 0.05 <0.001 <0.001 0.001 <0.001 0 .081 <0.05 <0.001 0 .004 <0.0002 0.003 <0.001 <0.001 <0.05 

<0.001 <0.001 0.0.53 <0.002 <0.002 <0.005 <0.005 0.14 <0.05 <0.001 0 .011 <0.0002 <0.o2 0.001 < 0 .001 <0.05 

<O.OOJ 0 .002 0.042 <0.0025 <0.002 <O.OOS 0 .013 1.1 <1l.OS <0.001 0.2 <0.0002 0.022 0.001 <0.001 <0.05 

<0.001 0.002 0.017 <0.001 <0.001 0 .001 <:0.001 0.22 <0.05 <0.001 0.0 14 <0.0002 0.006 0 .001 <O.OOJ <0.05 

<0.. 001 <0.001 0.017 <0.002 <0.002 <0.005 <O.OOS 0.29 <0.05 <0.001 0.025 <0.0002 <0.02 0 .002 <0.001 <0.05 

<0.001 <0.001 0.022 <0.0025 <0.002 <0.005 <O.OOS 0.43 0.11 <0.001 0.053 <0.0002 <0.02 0.001 <0.001 <0.05 

<0.001 0.005 0.0081 <0.001 <0.001 0.001 0.012 2. <O.OS <0.001 0 .18 <0.0002 0.016 <0.001 <0.001 <0.05 

<0.001 0.004 0.0058 <0.001 <0.001 0.001 O.OJJ 2. <0.05 <0.001 0.17 <0.0002 0.016 <0.001 <0.001 <O.OS 

<0.001 0.004 <0.0025 <0.002 <0.002 <0.005 0.026 5.4 <0.05 <0.001 0 .37 <0.0002 0.029 0.002 <0.001 <0.05 

<0.001 0.004 0.0098 <0.0025 <0.002 <0.005 0.033 7.fi <0.05 <0.001 0.51 <0.0002 0.04 0.003 <0.001 0.062 

<0.001 0.004 O.OJJ <0.001 <0.001 0.001 <0.001 0.14 <0.05 <0.001 0.007 <0.0002 0.006 <0.001 <0.001 <O.OS 

<0.001 0.003 0.009 <0.002 <0.002 <0.005 <0.005 0.18 <0.05 <0.001 O.ol <0.0002 <0.02 <0.001 <0.001 <0.05 

<0.001 0.003 0.01 <0.0025 <0.002 <0.005 <0.005 0.27 0.063 <0.001 0 .021 <0.0002 <0.02 <0.001 <0.001 <0.05 

<0.001 0.002 0.017 <0.001 <0.001 0.001 <0.001 0.048 <0.05 <0.001 <0.003 <0.0002 0.002 <0.001 <0.001 <0.05 

<0.001 0.001 0 .02 <{).002 <0.002 <0.005 <0.005 0.11 <O.OS <0.001 <0.003 <0.0002 <6.02 <0.001 <(l.OOI <D.OS 

<0.001 0.001 0.022 <{).0025 <0.002 <0.005 <O.OOS 0 .2 <0.05 0.002 <0.003 <0.0002 <0.02 0.001 <0.001 <0.05 

<0.001 0.002 0.052 <0.001 <0.001 0.001 0.002 0.2 <0.05 <0.001 0.029 <0.0002 0.008 <0.001 <0.001 <0.05 

<0.001 0.003 0.049 <0.002 <0.002 <0.005 0.016 I. <0.05 <0.001 0.19 <0.0002 <0.02 0.001 <0.001 <0.05 

<0.001 0.003 0.05 <0.0025 <0.002 <0.005 0.023 1.7 0.14 0.002 0.33 <0.0002 0.031 0.002 <0.001 <0.05 

<0.001 0.002 0.025 <0.001 <0.001 0.001 <0.001 0.017 <0.05 <0.001 <0.003 <0.0002 0.003 <0.001 <0.001 <0.05 

0.002 <0.001 0.03 <{).002 <0.002 <0.005 <O.OOS 0.021 <0.05 <0.001 <0.003 <0.0002 <0.02 <0.001 <0.001 <0.05 

<0.001 0.002 0.031 <0 .0025 <0.002 <0.005 <0.005 0.031 <O.OS <0.001 <0.003 <0.0002 <0.02 0.001 <0.001 <0.05 
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TABLE3. TEST FIELD -TRACEMETAL RESULTS 

Bnyllloru 1 Cadmium 1 O.romlum I Cobol! I Cop)ltl I lrGo I Lead 1 Mang,anese .Mtrrory 1 Nickel S.l<nlwn I Thallium I ZIM 

Observation Wells 

FHI-0 Dec 302003 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Jun04 2001 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Sep 21 2000 0.16 <0.001 0.003 0.04 <0.0025 <0.002 <0.005 0.033 1.7 0.3 <0.001 0.58 <0.0002 0.067 0.002 <0.001 0.097 

CH 1-B Dec 30 2003 <0.1 <0.001 0.003 0.028 <0.00 1 <0.001 <0.001 0.016 Q.99 <0.05 <0.001 0.25 <0.0002 0.029 0.002 <0.001 <0.05 

Jun 05 2001 0.053 <0.001 0.002 O.alS <0.002 <0.002 <0.005 0.014 05 <O.OS <0.001 0.28 <0.0002 0.033 0.00'2 <0.001 <0.05 

Sep 21 2000 <0.025 <0.001 0.003 0.032 <0.0025 <0.002 <0.005 0.021 0.69 <0.05 <0.001 0.38 <0.0002 0.044 0.002 <0.001 0.061 

OU·R Dec 302003 <0.1 <0.001 0.002 0.021 <0.001 <0.001 <0.001 0.005 0.61 <0.05 <0.001 0.14 <0.0002 0.029 0.002 <0.001 <0.05 

I Jun05 2001 

Sep21 2000 

0.091 

<0.025 

<0.001 

<0.001 

0.002 

0.002 

0.027 

0.035 

<0.002 

<0.0025 

<0.002 

<0.002 

<0.005 

<0.005 

0.016 

0.022 

0.63 

0.74 

0.13 

<0.05 

<0.001 

0.001 

0.32 

0.43 

<0.0002 

<0.0002 

0.04 

0.047 

0.002 

0.002 

<0.001 

<0 .001 

0.12 

0.1 

1 CH2-0 Dec 302003 

Jun 05 2001 

NA 
2.5 

NA 
<0.001 

NA 
<0.001 

NA 
0.012 

NA 
<0.002 

NA 
<0.002 

NA 
<0.005 

NA 
0.072 

NA 
20. 

NA 
<0 .05 

NA 
<0.001 

NA 
1.1 

NA 
<0.0002 

NA 
0.094 

NA 
<0.001 

NA 
<0 .001 

NA 
0.17 

Sep 212000 4.9 <0.001 0.002 0.013 0.0031 <0.002 <0.005 0.13 31. <0.05 0.002 2.1 <0.0002 0.17 o.ooz <0.001 0.33 

CH2-B Dec 302003 1.2 <0.001 0.003 0.024 <0.001 <0.001 <0.001 0.031 8.3 <0.05 0.001 0.45 <0.0002 O.Q3S <0.001 <0.001 O.OS8 

Jun 05 2001 2.6 <0.001 <0.001 0.013 <0.002 <0.002 <0.005 0.074 20. <0.05 <0.001 1.2 <0.0002 0.094 0.001 <0.001 0.15 

Sep21 2000 5.3 <0.001 0.003 0.013 0.0031 <0.002 <0.005 0.14 32. <0.05 0.002 2.2 <0.0002 0.18 0.002 <0.001 0.28 

FH2-R Dec302003 0.78 <0.001 0.003 0.022 <0.001 <0.001 <0.001 0.03 7.2 <O.OS <0.001 0.44 <0.0002 0.034 <0.001 <0.001 0.11 

JunOS 2001 2.7 <0.001 0.003 0.014 <0.002 <0.002 <0.005 0-075 19. <O.OS <0.001 1.2 <0.0002 0.1 <0.001 <0.001 0.21 

Sep 21 2000 5.8 <0.001 0.003 O.QI5 0 .0035 <0.002 <0.005 0.13 32. 0.064 0.001 2. 1 <0.0002 0.17 0.001 <0.001 0.32 

OWB- 1 Dec 302003 <0.1 <0.001 0.002 0.021 <0.001 <0.001 0.001 0.005 0.039 <0.05 <0.001 0.006 <0.0002 0.002 0.001 <0.001 <0.05 

Jun05200J <0.025 0.002 0.002 0.024 <0.002 <0.002 <0.005 <0.005 0.05 <0.05 <0.001 <0.003 <0.0002 <0.02 0.001 <0­.001 <0.05 

Sep 21 2000 <0.025 <0.001 0.002 0.024 <0.0025 <0.002 <0.005 <0.005 0.063 <0.05 <0.001 <0.003 <0.0002 <0.02 <0.001 <0.001 <O.OS 

fOWB-2 Dec 302003 <0.1 <0.001 0.003 0.042 <0,001 <0.001 <0.001 <0.001 <O.ol <0.05 <0.001 <0,003 <0.0002 0.003 <0.001 <0.001 <0.05 

Jul 12 2001 <0.025 <0.001 0.003 0.061 <0.002 <0.002 <0.005 <0.005 <0.003 <0.05 <0.001 <0.003 <0.0002 <0.!)2 0.003 <0.001 <0.05 

1 OWB-3 
Sep 202000 

Dec29 2003 

NA 
<0.1 

NA 
<0.001 

NA 
0.002 

NA 
0.014 

NA 
<0.001 

NA 
<0.001 

NA 
0.001 

NA 
<0.001 

NA 
0.016 

NA 
<0.05 

NA 
<0.001 

NA 
<0.003 

NA 
<0.0002 

NA 
0.002 

NA 
<0.001 

NA 
< 0 .001 

NA 
<0.05 

Jun05 2001 <0.025 <0.001 <0.00) 0.018 <0.002 <0.002 <0.005 <0.005 0.011 <0.05 <0.001 <0.003 <0.0002 <0.02 <0.001 <0.001 <0.05 

Sep 20 2000 0.026 <0.001 0.001 0.017 <0.0025 <0.002 <0.005 <0.005 0.014 <0.05 <0.001 <0.003 <0.0002 <0.02 0.001 <0.001 <0.05 

pWB-4 De.: 30 200:3 <0.1 <0.001 0.002 0.026 <0.001 <0.001 0.001 <0.001 0.047 <0.05 <0.001 <(1.003 <0.0002 0.002 <0.001 <0.001 <0.05 

Jun05 2001 <0-025 <0.001 <0.001 0.035 <0.002 <0.002 <O.OOS <0.()()5 0.063 <0.05 <0.001 <0.00'3 <O.OOOZ <0.02 <0.001 <0.001 <0-1 

Sep 21 2000 <0.025 <0.001 0.002 0.037 <0.0025 <0.002 <0.005 <0.005 0.08 <0.05 <0.001 <0.003 <0.0002 <0.02 0.001 <0.001 <0.05 

OWB-S Dec302003 <0.1 <0.001 0.002 0.02 <0.001 <0.001 0.001 0.004 <0.01 <0.05 <0.001 0.006 <0.0002 0.002 <0.001 <0.001 <O.OS 

Dec302003• <0.1 <0.001 0.002 0.02 <0.001 <0.001 0.001 0.005 <0.01 <0.05 <0.001 0.007 <0.0002 0.002 0.001 < 0 .001 <0.05 

Jun05 2001 <0.025 <0.001 0.002 0.022 <0.002 <0.002 <0.005 <0.005 0.006 <0.05 <0.001 <0.003 <0.0002 <0.02 0.001 <0.001 <0.05 

Sep21 2000 <0.025 <0.001 0.002 o.ozs <0.0025 <0.002 <0.005 <0.005 0.009 <0.05 <0.001 <0.003 <0.0002 <0.02 0.001 <0.001 <0.05 

Evaporation Pond 

Evap Pond De;: 30 2003 0.46 <0.001 0.006 0.067 <0.001 <0.001 <0.001 0.008 0.18 <0.05 <0.001 0.22 <0.0002 0.026 0.008 <0.001 <O.OS 

Jun OS 2001 <0.025 <0.001 0.009 0,09 <0.002 <0.002 <0.005 0.082 0.44 <O.OS <0.001 4. <0.0002 o.n 0.04 <0.001 0.087 

Sep21 2000 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
Nov09 1999 0.7 <0.025 <0.005 NA 0.0079 0.005 <0.005 NA 15. <0.05 <0.025 6.1 <0.0002 0.43 <0.025 <0.05 0.54 

Nov 09 1999* 0.62 <0.025 <0.005 NA 0.0076 0.006 <0.005 NA 15. <0.05 <0.025 6.4 <0.0002 OM 0.026 <0.05 0.57 

Nov09 1999• . 0.62 <0.025 <0.005 NA 0.0075 0.006 <0.005 NA IS. <0.05 <0.025 6.3 <0.0002 0.45 om <0.05 0.56 
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A.riz.ona Aqulfw Wa1er Quali.ty Staoda.rd . 0. 006 
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All results in milligrams per liter (mg/L) 
< = less !han detection limit 
• =Field duplicate sample 
NA = Not fAmpled or not analyzed 
Bold indicates result exceeds Aquifer Water Quality Sta ndard 
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TABLE 3. TEST FlEW· TRA CE METAL RESULTS 
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Nickel 
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. 

Thalll11111 
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TABLE4. TFST FIELD· COMMON INORGANIC RFSULTS 


WdiJD Sample Date Tol:ll 
Mka6nily 

Calcium Chloride Nitral~ 

asN 
Pota58iwa Sodi-um smaa pB 

(Lob) 
IOD 

l!ala~ 

Jnjecllon/Pumpinc Welk 

IBHP­ 6 Dec292003 <6 51 140 0.53 5.8 15 120 4.38 1.38 
Jun 04 2001 <25 110 130 <05 6.5 66 38 4.05 8. 
Sep 202000 <2.5 170 140 0.48 6.7 81 NA 3.94 2. 

BHP·7 Dee29 2003 10 34 140 0.49 5..5 82 80 5.77 1.28 
Jun 04 2001 <2.5 80 140 <O.S 6. 62 22 4.88 7. 
Sep20 2000 <2.5 130 130 0.43 7.3 84 NA 4.07 0 

BHP-8 Dee292003 <6 48 140 0.52 6.2 82 88 5.24 1.4 
Jun 04 2001 <25 100 130 <0..5 6. 74 36 4.78 1. 
Sep20 2000 <25 150 130 0.47 7.3 91 NA 4.49 I. 

BHP-9 Dec29 2003 <6 46 140 0.5 5.7 78 84 4.95 2.88 
Jun 04 2001 <2.5 90 130 <0.5 6.2 62 40 4.07 9. 
Scp 202000 <2S 140 140 0.45 7.6 15 NA 3.84 13. 

Recovery Wells 

~HP-1 Dec29 2003 64 64 ISO 0.94 6.4 81 45 6.11 2.19 

Jul 12 2001 so 110 140 0.54 5.9 100 NA 7.11 12. 

Jul 12 2001* so 110 140 0.53 5.4 99 NA 6.91 9. 

Sep2J 2000 93 140 140 <I. 6.3 120 NA 6.65 8. 

BHP-2 Jao 122004 140 61 140 0.65 7.4 92 36 7.58 3.88 

Jun04 2001 130 63 130 0.35 5.3 76 29 7.54 10. 

Sep212000 130 68 130 <I. 5.6 85 NA 7.52 14. 

IBHP-3 Dee 29 2003 150 62 140 0.47 7.1 89 36 7.79 2.11 

JIJil 04 200I 130 68 ISO 0.36 4.4 74 2S 7.28 5. 
Sep202000 100 a7 130 0.39 6. 84 NA 6.89 13. 

IBHP-4 Dee 29 2003 130 72 140 0.45 7.6 94 48 7.79 2. 

Jun 04.2001 120 71 140 <0.5 5.1 . 76 2S 7.37 7. 

Octl92000 120 85 150 <0.1 6.1 87 NA 7.34 II. 

BHP-~ !J:>cc 29 2003• 82 44 140 0.45 6.2 75 50 7.04 ·0..44 

Dee292003 84 44 !40 0.49 6.2 85 49 6.93 2.08 

Jun042001 44 51 130 0.34 5. 70 30 6Zl 3. 
Sc.p 202000 34 65 130 0.38 5.3 77 NA 6.05 4. 

BHP-10 Dec292003 130 53 130 0.41 6. 89 36 7.43 4.82 

Jun 04 2001 120 57 130 0.44 4. 14 22 7.31 9. 

Sep 202000 110 65 140 0.48 4.8 85 NA 7.22 13. 

BHP-11 Dee302003 130 61 !50 0.37 6.5 93 42 7.73 1.41 

Jun04 2001 140 66 120 0.36 4.1 73 26. 7.70 II. 

Sep202000 130 73 140 0.38 7.3 86 NA 7.56 14. 

BHP-12 Dee 302003 130 69 150 0.45 5.8 91 36 7.40 2. 14 

Juo 04 2001 120 78 140 <0.5 4.9 71 22 7.23 s. 
Octi92000 110 96 150 <0.1 S.! 75 NA 7.48 8. 



TABLE 4. TFST F1ELD ·COMMON INORGANIC RESULTS 


Wtll ID Sample Dale Total 
Alk.o6nil)' 

Calcium Chloridt Nitrate 
asN 

Potassium SGdiiiiD Siljca pH 
(Lab) 

1011. 
Bolau~ 

Recovery Wells 

BHP-13 Dec292003 IS<I 62 140 0.48 6.3 90 37 8.06 4.04 
Jun05 2001 130 62 140 <0.5 4.4 79 24 7.86 10. 
Sep202000 130 67 140 0.4 4.8 84 NA 7.76 II . 

Observatlon Wells 

CHI..Q Dec302003 NA NA NA NA NA NA NA NA NA 
Jun 04 2001 NA NA NA NA NA NA NA NA NA 
Sep 21 2000 51 140 140 <I. 6.7 120 NA 6.27 7. 

CHI-B Dec 302003 52 62 ISO 0.38 6.1 74 63 6.53 · 1.45 
Ju.n 05 2001 65 95 140 0.52 5.4 97 2S 6.38 3. 
Sep212000 65 130 140 <1. 7. 120 NA 6.44 6. 

pll-.R Dec 302003 70 110 140 0.4 8.4 95 52 6.87 2.56 

Jun 05 2001 65 100 ISO <0.5 5.7 100 26 7.71 2. 
Sep 21 2000 69 IS<I 140 <1. 6.4 120 NA 6.46 8. 

Cl:U..Q Dec302003 NA NA NA NA NA NA NA NA NA 
Jun05 2001 <25 100 160 0.66 5.6 60 36 4.49 12. 

Sep212000 <25 180 140 <1. 7.9 73 NA 4.21 4. 

CH2.B Dec302003 <6 46 160 o.s 5.3 66 100 4.95 -3.32 

Jun 05 2001 <25 100 150 0.66 5.1 61 8() 4.60 12. 

Sep 212000 <25 190 140 <I. 7.7 73 NA 7.33 1. 

pi2--.R Dec302003 8 43 160 o.ss 5.2 70 110 5.35 1.72 

Jun 05 2001 <25 110 !50 0.65 5.8 62 37 6.35 9. 

Sep 21 2000 <25 190 140 <I. 7.1 77 NA 4.40 3. 
OWB-1 Dec302003 140 6S 140 0.41 6. 94 38 7.88 5.5 1 

Jun 05 2001 130 65 140 <O.S 4.6 80 2S 7.00 II. 
Sep212000 140 69 140 <I. 5.2 87 NA 7.69 8. 

OWB-2 Dec 302003 220 92 150 4.8 6.3 180 36 7.67 6.59 

Jul 12 2001 220 120 190 7.3 5.3 160 NA 7.71 11. 
Sep 202000 NA NA NA NA NA NA NA NA NA 

pWB-3 Dec29 2003 160 61 130 0.46 6.7 90 48 7.85 3.77 

Jun 05 2001 140 66 120 <0.5 5.2 82 28 7.68 16. 

Sep 202000 140 69 140 0.36 5.1 85 NA 7..56 12. 

OWB-4 Dec 302003 140 59 ISO 0.38 6.2 88 43 1.15 1.52 

Jun05 2001 120 63 140 <0.5 s. 83 28 7.88 11. 
Sep212000 130 67 130 <1. 4.8 86 NA 7.41 14. 

OWB·S Dec 302003 140 60 !50 0.38 6.3 89 46 7.81 1.82 

Dec 30 2003• 140 60 ISO 0.38 6.2 88 45 7.87 I.S1 

Jun OS 2001 140 61 140 <0.5 4.5 76 28 1.82 8. 

Sep21 2000 140 68 130 <I. s.s 87 NA 7.67 IS. 



TABLE4. TFST flELD ·COMMON INORGANJ C RES\JLTS 

WrUID Sample Date ToW Calcium Chlorl~ Nllra~ Potassium Sodium Sill~ pH IOD 
Alkalinity as N (Lab) Balante 

Evapo rallon Pond 

l£vap Pond Dec 30 2003 92 640 2400 <0.2 120. 1600 59 8. 17 -32.2 

Jun 05 2001 <2S 630 690 <2.5 45. 1000 33 6.75 l. 
Sep212000 NA NA NA NA NA NA NA NA NA 
~ov 09 1999 NA 790 340 NA 27. 580 NA 6.42 NA 
Nov091999 NA 730 350 NA 26. 620 NA 6.30 NA 
Nov 09 1999' NA 750 370 NA 26. 530 NA 6.42 NA 

AWQS . . . 10 . . . . . 
NSDWII. . . 250 . . . . '-5-8.5 . 

All resul15 in milligrams pet liter (mg!L) , except pH in pH units, and l on Balanoe, a calcula tion 
< " less than detection limit 
• ~ Field duplicate sample 

NA = Not sampled or not analy2.ed 

AWQS = Ariwna Aqu!fur Water Quality St:lndard 

NSDWR = NatioMI Secondary Drinking Water Regulations 




TABLE 5. TEST FIELD ·ORGANIC RESULTS 


WeUID Sampi~Date Benu~ ELbJ'lbeaune Tolue~ Total Xylenes Total PetroloiDD 
Hfdro<2rbons-l>iesd 

lnjectioniPumping Wells 

;BHP-6 Dec 29 2003 <0.0005 <0.0005 <0.0005 <0.001 <0.25 
Jun 04 2001 <0.002 <0.002 <0.002 <0.002 <0.5 
Sep 20 2000 <0.002 <0.002 <().002 <0.002 <0:5 

BHP-7 Dec 29 2003 <0.0005 <0.000.5 <0.0005 <0.001 <0.25 
Jun04 2001 <0.002 <0.002 <0.002 <0.002 <0.5 
Sep 20 2000 <0.002 <0.002 <0.002 <0.002 <O.S 

BHP-8 Dee29 2003 <0.0005 <O.OOOS <0.0005 <0.001 <0.25 
Jun 04 2001 <O.OOZ <O.OOZ <0.002 <0.002 <0..5 
Sep 202000 <0.002 <0.002 <0.002 <0.002 <O.S 

~HP-9 Dec 29 2003 <0.000.5 <0.0005 <0.0005 <0.001 <0.25 
Jon04 2001 <0.002 <O.OOZ <().002 <0.002 <0.5 
Sep 20 2000 <0.002 <0.002 <0.002 <0.002 <0.5 

Recovery Wells 

BHP-1 Dec 29 2003 <0.0005 <0.0005 <0.0005 <0.001 <0.25 
Joll 2 2001 <O.OOZ <0.002 <0.002 <().002 <0.5 

Ju11 2 2001• <O.OOZ <0.002 <0.002 <0.002 <0.5 
Sep21 2000 <0.002 <0.002 <0.002 <0.002 <0.5 

BHP-2 hn 12 2004 <0.0005 <0.0005 <0.0005 <0.001 <0.25 

Jun04 2001 <0.002 <0.002 <0.002 <0.002 <0.5 

Sep21 2000 <0.002 <0.002 <0.002 <0.002 <0.5 

BHP-3 Dec29 2003 <0.0005 <0.000.5 <0.0005 <0.001 <0.2.5 
Jun 04 2001 <0.002 <0.002 <0.002 <0.002 <0.5 
Sep202000 <0.002 <0.002 <0.002 <0.002 <05 

~HP-4 Dec29 2003 <0.000.5 <0.0005 <0.0005 <0.001 <0.2.5 

Jun 04 2001 <0.002 <0.002 <0.002 <0.002 <0.5 

Oct 19 2000 <0.002 <0.002 <0.002 <().002 <O.S 
!BHP-5 Dec 292003 <0.000.5 <0.0005 <0.0005 <().001 <0.2.5 

!Dec 29 2003° <0.0005 <0.0005 <0.0005 <0.001 <0.2.5 

Jun 04 2001 <0.002 <0.002 <0.002 <0.002 <O.S 

Sep202000 <0.002 <0.002 <0.002 <0.002 <0.5 

BHP-10 Dec29 2003 <0.0005 <0.0005 <0.0005 <0.001 <0.25 

Jun04 2001 <0.002 <0.002 <0.002 <0.002 dl.S 
Sep202000 <0.002 <0.002 <().002 <0.002 <0.5 

BHP-11 Dec 30 2003 <0.0005 <0.0005 <0.0005 <0.001 <0.25 

Jun 04 2001 <(),002 <0.002 <0.002 <0.002 dl.S 
Sep 20 2000 <0.002 <0.002 <0.002 <0.002 <O.S 

BHP-12 Dec 302003 <0.0005 <0.0005 <O.OOOS <0.001 <0.25 

Jun 04 2001 <0.002 <0.002 <0.002 <0.002 dl..S 

Occl92000 <0.002 <0.002 <0.002 <0.002 <O.S 

:SHP·l3 Dec 29 2003 <0.000.5 <0.000.5 <0.0005 <0.001 <0.25 

Jun 05 2001 <0.002 <0.002 <0.002 <0.002 <0.5 

Sep202000 <0.002 <0.002 <0.002 <0.002 <0.5 



TABLE 5. TEST F1ELD- ORGANIC RESULTS 


w~um SaiDplt Date 8enzew Elb)'Lbtnune 'J'oluoae 'J'Olal Xyleaes Toul Pttroltum 
Hydrocorbor&S-1>1-' 

Observation WeDs 

Clfl-0 Dec302003 NA NA NA NA NA 
Jun04 2 001 NA NA NA NA NA 
Sep 2 1 2 000 <0.002 <0.002 <0.002 <0.002 <0.5 

fCH1·B Dec 30 2003 <0.0005 <0.0005 <0.0005 <0.001 <0.25 
Jun OS 2001 <:0.002 <0.002 <0.002 <0.002 <0.5 
Sep212000 <0.002 <0.002 <0.002 <0.002 <0.5 

CH1 -R Dec 302003 <0.0005 <0.0005 <0.0005 <0.001 <0.25 
Jon OS 2001 <0.002 <0.002 <0.002 <:0.002 <0.5 
Sep21 2000 <0.002 <0.002 <0.002 <0.002 <0.5 

CH2-0 Dec 30 2003 NA NA NA NA NA 
Jon 05 2001 <0.002 <0.002 <0.002 <0.002 <O.S 
Sep2l 2000 <0.002 <0.002 <0.002 <0.002 <O.S 

CH2-B Dec302003 <0.0005 <0.0005 <0.0005 <0.001 <0.25 
}un OS 2001 <0.002 <0.002 <0.002 <0.002 O.S3 
S.:p 21 2000 <0.002 <0.002 <0.002 <0.002 <O.S 

prl-Jt Dec 30 2003 <0.0005 <0.0005 <0.0005 <0.001 <0.25 

Jun 05 200J <0.002 <0.002 <0.002 <0.002 <O..S 
Sep2 1 2000 <0.002 <0.002 <0.002 <0.002 <O..S 

bWll-1 Dec 30 2003 <0.0005 <0.0005 <0.0005 <0.001 <0.25 

Jun OS 2001 <0.002 <0.002 <0.002 <0.002 <O.S 
Sep212000 <:0.002 <0.002 <0.002 <0.002 <O.S 

OWll-2 Dec 302003 <O.OOOS <0.0005 0.0006 <0.001 <0.25 

Jul 12 2001 <0.002 <0.002 <0.002 <0.002 <O.S 
Sep 2 0 2000 NA NA NA NA NA 

OWB-3 Dec29 2003 <0.0005 <0.0005 <O.OOOS <0.001 <0.25 

Jun OS 2001 <0.002 <0.002 <0.002 <0.002 <0.5 
Sep202000 O.o043 <0.002 <0.002 <0.002 <O.S 

OWB-4 Dec 30 2003 <0.0005 <0.0005 <O.OOOS <0.001 <0.25 

Jun05 2001 <0.002 <0.002 <0.002 <0.002 0.62 

s.:p 21 2000 <0.002 <0.002 <0.002 <0.002 <0.5 

OWB-5 Dec302003 <0.0005 <:0.0005 <O.OOOS <0.001 <0.25 
~ec 302003° <0.0005 <0.0005 <0.0005 <0.001 <0.25 
JunOS 2001 <:0.002 <0.002 <0.002 <0.002 <0.5 

Sep21 2000 <0.002 <0.002 <0.002 <0.002 <0.5 

Evaporation Pood 

Evap Pond Dec 30 2003 <0.0005 <0.0005 <0.0005 <0.001 <O.:Z.S 

Jun 05 2001 <0.002 <0.002 <0.002 <0.002 <O.S 
Sep212000 NA NA NA NA NA 



TABLES. TESTFIELD·ORGANJCRESULTS 


WeliiD Btnune EthylJK.oztoe ToiUCM Total X1knos T otaJ PtltoleumISampl• D•t• 
JJydrocorbons-Diesd 

A.WQS 0.00! 0.7 I 10 . 
All results are in milligrams per liter (mg/L) 

< = less than detection I imit 

• = Field duplicate sample 

NA = Nol sampled or nor analyzed 

AWQS =Arizona Aquifer Water Quality Slaodard 




TABLE 6. TESI" FIELD· RADIOCHEMICA L RESULTS 


WELLID ISAMPLEDATEI GROSS ALPHA I URANIUM ADJ GROSS ALPHA IRADIUM %U RADJtJM2J8 TOTAL RADIUM 

Injedion/Pumpin' Wells 

BHP-6 Dec292003 11.6~ 1.7 NA NA 2.0 :1: 0.2 0.6 ± 0.3 2.6±0.4 

Juo 04 2001 36.9:1:4.2 1.8 ± 0.4 35.1 :1: 4.1 2. 8 :t 0.5 2.3 :t 0.3 S.l :t 0.6 

BHP-7 Dec 29 2003 5.4 :1: l.J NA NA 1.0 :t 0.1 <0.4 I.O :t 0. 1 

Jut1 04 2001 19.4 :1::2.7 5.4 :t 1.3 14 :1::2.7 1.9 :t 0.3 1.9:!: 0.3 3.8 :1:: 0.4 

BHP-8 Dec292003 12.0 :1: 1.7 NA NA 2.3:1:0.2 <0.3 2.3 :t 0.2 

Jun 04 2001 25.3:1::3.2 18.1 :1:2.1 7.2 :t 3.8 1.1 :1:0.3 2.9 :t 0.3 4 :t 0 .4 

BHP-9 Dec292003 9.0 :t I.S NA NA 1.7 ;I; 0.2 0.7 :1:0.3 2.4 :1:: 0.4 

Jun04 2001 19.5 :1: 1.4 s :t 1.2 10.5 :1: 1.8 0.8±0.3 4±0.4 4 .8 :t 0.5 

Recovery Wells 

BHP-1 Dec292003 5.5 :1: 1.1 NA NA 1.2± 0.1 <0.3 1.2 ± 0. 1 

Jul12 2001 14.4 :1: 2 NA NA 0.9 :1:0.2 <0.4 0.9±0.2 

BHP-2 Dec29 2003 36.6:1:3.5 8.6 :1: 1.5 28.0 :1:: 3.8 6.0 ± 0.6 2.5 :t O.S s.s :1::0.8 
Jun 0 4 2001 64:1:5.2 7:1:: 1.4 S7 :1: 5.4 2.2:1::0.5 8.3:1::0.7 10.5:1:: 0.9 

IBHP-3 Dec 29 2003 13.7 :1: 1.9 NA NA 0.4 :t 0.1 <0.3 0.4 :1: 0.1 

Jun 04 2001 18.4 :1:2.2 6 :1: 1.4 12.4 :1:2.6 I .t 0.3 2 :1: 0.3 3 :t:: 0.4 

BHP-4 Dcc292003 16.0 :r. 1.9 7.5 .t 1.0 8.5 ± 2.2 2. 1 :1: 0.2 0.3:1:0.3 2.4 :1: 0.4 

Jun 04 2001 19.3 :1::2.3 7.2 :1: 1.4 12. 1:1:: 2.7 2.8:1::0.5 2.3±0.3 S.l :t: 0.6 

BHP-5 Dec292003 13.8 :1: 1.8 NA NA 1.9 ±0.2 0.3±0.3 2.2 ±0.4 
Dec292003• 14.1 :1: 1.8 6.9:1:: 1.0 7.2 :1::2.1 l.S:t 0.2 <0.3 1.5 :1: 0.2 

Jun04 2001 30.4 :1:: 3.3 4.7:1: o.s Z5.1 :1: 3.3 1.1 :1:0.3 2.S :1:0.3 3.6:t: 0.4 

BHP-10 Dec292003 10.8:1:: 1.5 NA NA 0.6±0.1 <0.3 0.6::t: 0.1 

Jun 04 2001 10.4 :1: 1.6 NA NA 0.7 :1: 0.3 0.5 :t:0.1 1.2 ±0.3 

BHP-11 Dec302003 16.0 :1: 2.0 5.7±0.9 10.3:1:2.2 3.4::1:0.3 1.4::1:0.3 4.8 :1::0.4 

Jun04 2001 23.6 :1:2.6 4.4±0.5 19.l :t 2.6 0.5 ::1: 0.3 1.6 :1:: 0.3 2.4 :1::0.4 

BHP-12 Dec 30 2003 29.0 ± 3.0 14.2± 1.3 14.8 :1: 3.3 6.-4:1: 0.6 <0.4 6.4:1: 0.6 
lOll 04 2001 42.6:1: 3.9 10.9 ;I; 1.7 31.7 :1: 4.Z 2.2 ;~: 0.5 5.4:1: 0.5 7,6:1:0.7 

BHP-13 Dec292003 18.0 :t 2.0 6.0::t:0.9 11.5 :1:2.2 2.6 ±0.3 1.8 :1:0.4 4.4± 0.5 

Jon O.S 2001 28. 1 :t2.9 3.1 :t0.4 25.2 :1: 2.9 2.2 :t 0.2 2.9:t 0.4 5.1 :1:0.6 

ObservaUon Wolls 

Pll-B Dec 302003 102.0±8.0 68.4:1:3.0 33.6:1:8.5 21.0±2.0 2.8 :t 0.4 23.8 :1:: 2.0 
Jun052001 8.4:1: 1.4 NA NA 0.8 ;I; 0.1 <0.4 0.8 :t 0.1 



TABLE6. THST FlEW· RADIOCHEMICAL RESULTS 

WELLID SAMPLE DATE GROSS ALPHA URANIUM ADJ GROSS ALPHA RADIUM 2:!6 RADIUM228 TOTAL RADIUM 

PH-R Dec 30 2003 134.1:1: 10.1 !26.6 :1:4.2 8.1:1:11.5 1.4 :i: 0.2 4.1 :i: 0.5 s.s :!:0.5 

Jun 05 2001 !2.3 :1: 1.8 NA NA 2.0-:1:0.3 <0.5 2.0:1:0.3 

CH2-0 Jun 05 2001 15.3:1:2.9 8.5 :1:0.7 6.8:!:3.0 2.2 :1: 0.3 1.4 :1:0.4 2.6:1:0.5 

icm·B Dec30 2003 31.0:1:5.4 18.1:1: 1.5 12..9:1:5.6 4 .1 :tO.S 2.4:1:0.4 7.}:1:0.6 

Jun 05 2001 13.5 :1: !.1 2.9:!:0.4 10.6:1: 1.2 2.5:!: 0.3 3.5:!: 0.5 5.0:!:0.6 

CH2-R Dec: 30 2003 65.0:!: 9.0 45.0:1:3.4 zo.o:!: 9.6 7.0:0.1 3.2 : 0.5 10.1 :1: 0.9 
Jun OS 2001 11.3:1: 1.0 8.1:1:0.7 3.2 :1: 1.2 2.5:1:0.3 2.3 :t0.4 4.8 :1:0.5 

OWB-1 Dec: 302003 8.6:1: 1.4 NA NA 0.6 ::t O. I <0.4 0.6:1:0.1 
Jun 05 2001 10.4 :!: 1.6 NA NA 0.8:1:0.1 0.6 :t 0.3 1.4 :t 0.3 

OWB-2 Dec: 302003 ~. 8:!: 1.1 NA NA <0.3 <0.3 <0.3 
Jul 122001 6.5 :1: 1.2 NA NA <0.3 <0.4 <0.4 

IOWB-3 Dec 29 2003 8.7:1: 1.3 NA NA 1.7:!: 0.2 <0.3 1.7:t0.2 
Jun 05 2001 S.2 :1: 1.4 NA NA L:h 0.2 0.8:1:0.3 2.1:1:0.4 

OWB-4 Dec 30 2003 29.0 ±2.8 6.3 :t0.9 11.7 :t3.0 5.9 :1: 0.6 <0.4 5.9 :1: 0.6 
Jun 052001 39.0±3.6 5.0:1:0.6 34.0 t:3.6 5.6 ±0.5 1.3 :!: 0.3 6.9 "'0.6 

OWB-S Dec: 302003 14.9 :1: I.B S.9:t0.6 9.0 :1: 1.9 2.1:1:0.2 <0.4 2.1 * 0.2 
Dec 302003• 14.0:!: 1.8 6.7::1:0.6 7.3:1:1.9 1.7:1:0.2 1.2:0.3 2.9:1:0.4 
Jun05 2001 16.4 :1:2.1 5.6:0.6 9.9:1:2.2 1.3:!: 0.2 I.S :t 0.4 2.8:1:0.4 

Evaporallon Pond 

EvapPond Dcc302003 11.3 :1:3.5 5.7:1:0.8 5.6:1:3.6 1.5:!: 0.2 <0.3 1.5 :1:0.2 
AWQS . . IS.O . . s.o 

All rcsulrs in plcc>-curies per liter+/- a standard deviation of two (pCiiL+I· 2<!) 
Radium 226 and Radium 228 are analyzed when Gross Alpha uceeds .S.O 
Uranium is analyud when Gros1o Alpha exceeds 15.0 
Total Radium • Radium 226 +Radium 228 
< = less tlun detection limit 
• • Field duplicate sample 
N A =Not samplod or not analyzed 
AWQS • Arizona Aquifer Water QualityStandard 
Bold indicates resllll exceeds AWQS 
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TABLE 7. POND SEDIMENTS · TRACE METAL RESULTS 

Sample ID I Sample Oat& I Aluminum I Antimony I Arse11it I Barium l Beryllium J Cadmium ChromiumI Coball I Copper I ln.n I Lead jMagnesiuml MangMe£ej Mmury I Nickel I Seleniu[Jl I Sliver I Thallium I Zinc 

SPLP Learhab1e Metals (mg!L) 
Pond Sediment 1119/1 999 <0.05 <0.05 <0.1 NA <0.005 <0.01 <0.01 NA <0.01 <0.1 <0.05 9.1 O.Ql <0.002 <0.04 <0. 1 <0.015 <0.1 <0.1 
Pond Sediment 11 /9/1 999 0.081 <0.05 <0.1 NA <0.005 <0.01 <0.01 NA 2.5 <0.1 <0.05 12 0.44 <0.002 <0.04 <0. 1 <0.015 <0.1 <0. 1 
Pond Sediment 1119/1999 0.12 <0.05 <0.1 NA <0.005 <0.01 <0.01 NA 4. 1 <0. 1 <0.05 13 0.79 <0.002 0.052 <0.1 <0.015 <0. 1 0. 16 
AWQS . 0.006 0.05 2 0.004 0.005 0. 1 . . . 0.05 - . 0.002 0. 1 0.05 . 0.002 . 

NSDWR 0.2 . . . . . . . 1 0.3 . . 0.05 . . 0. 1 . 5-
Toxici t y Studard . . 5 100 . 1 5 . . - 5 . . 0.2 . I s . . 

Tocol Metals (mg/kg) 
Pond Sedi ment I 115/2004 5,800 <!i <S 28 0.64 <O.S 3.4 15 5,400 NA <5 NA 130 <0.099 23 <10 NA <5 44 

Residential SR L 77,000 31 10 5,300 l 38 2, 100 4 600 2,800 . 400 . 3,200 7 I .S OO 380 .. 380 . 23,000 
Non-Residenlial SRL 1 000,000 680 10 110,000 11 850 4500 97,000 63,000 - 2.000 . 43,000 ISO 34.000 8,500 8,500 . 5100000 . . . . . . .j C round water Pro ttct ion Limit 35 290 12,000 23 29 590 NA 290 12 590 290 12 

0 < = leS$ than detecrion limit 
NA = Not analyzed 

AWQS =Arizona Aquifer Water Quality Standards .. 


0 NSDWR = National Secondary Drinking Water Regulations 

SRL = Soil Remediation Limit 
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TABLE 8. POND SEDIMENTS- COMMON INORGANIC RESULTS 

Sllmp le 1D I Sam_ple D~te Calcium I Chloridej_Nltr3te, as N_1 Potassium Sodium Sutrate 1 pH 

SPLP uachable Jnon!anlcs (mz/L} 

Pond Sediment 1119{1999 41 NA NA <2 37 300() NA 
Pond Sediment 111911999 140 NA NA <2 36 300() NA 
!Pond Sediment 1119/1999 sso NA NA <2 33 3000 NA 
Aquifer W ater Quality St3 ndard - - 10 - - - -
NSDWR - 250 - - - 25() 6.5-8.5 

Tolal lnorl!aDiC$ 1 ' ·"·_, 
Pond Sediment I 115/2004 _l_ NA I 750 I <2 I NA I NA I 16000 I 7.59 

i<rAc less than deu:ction limit 
=Not ana1)'2ed 

!NSDWR =National Secondary DMkiog Water Regulations 
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TABLE 9. AREA WATER LEVEL DATA FOR 2001 

WoUlD 

1o:ccc 
l05AAB2 

>BC .2 PZI 
lA 

14·1 ' !D 
14-)1 !PI . PZI 
14-11 10 1 PZ2 
14­ 181 

"QA 

131A_D[)_ 

IM 

14­

17.r.t . 

IIN8·0 
IIMJ4-1 
IM15-1 U 

II 

M l7-0L 
IMJS.OU 
)Ml9-I.Bf 

IBI' 

1·0 
M?~.tlRF 

'·I 0 

I~ 


M e•su rc uatc 

Lora! W el ls 


I 
I• 
I 
11/112 II 
11m: 11 
I I 


I I 

Ill f2001 
1 
I ll: 1200 

1,291.4 
1.210.9 
I ,263.6 
l,29L4 
l.S18.3 
1.33 ),4 

1.331.4 
1.339.2 
1.102.1 
I, !7.8 

Jl/:i/2~~---r----~~~--~ 

lit 

1161 
1 
1 
1~ 
l fimOOT 

POC WtJIS 
1011812011 1 
101181201 11 
101181201 
1115~ Dl 

l )/). 

11111120 
I011 :i/20 
I011 S/2( 
1011 512001 
I II S/2( 
I• 
) 1 

) 1 

l 011 S/2.001 
) I 

)I 

TUI Fltl• . W~ 

II 

1,31 
1.35< . ) 
1.3.1 i.8 
1. 33:i.5 

1.286. 8 
1.29 Li 
1.294. 1 
1.29­
1,27' 
1,27 
1,27 
1,27_8-1_ 
1,278A 
1,281.2 
1,279.5 
1,287.3 
1.2 .7 
1, 

I. 
1,28 
I ,277.9 
1,2 !.6 
I, '.3 
I, 1.4 
I 1.4 
1,280. 8 
1,283 . 1 
1,281.4 
1,280.4 

1,276.9 
1,262.3 
1,204.9 
1,278.0 
1,279 .4 
1,2n.l 
1,219A 
1.281.3 
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T ABLE l 0. TEST FIELD • 2003 A VERAC E CONCENTRATIO NS OF 

SELECTED CONSTJTUENTS BY WELL TYPE 


Total 
W~JJ l D Alkalin ity C>ltlum Silica SuLrate TDS Aluminun Copper pH (L:tb) 


Convened Inj ection Wells 10 45 93 134 5<13 0.9 7.6 5.1 

Central Wells 49 65 74 158 552 1. 0 3.7 6.1 

Recovery Wells 131 61 40 78 481 <0.1 0.3 7.6 

!Observation Wells 160 67 42 84 536 <0.1 0.03 7.8 

NSDWR . . . 250 500 0.2 I 6.5-8.5 


All resul ts in milligrams per liter (mg/1.} except pH in pH unit> 

!Non·ddect value$ were nol included in averages 

Based oo 2003 data presenled in Table 4 

NSDWR =National Secondary Drinking Water Regulations 


P':\WP\Mcrrit1 Minin£ Lt..C\2J6l2\0osun:: Plan\Fia 6,7 Table: IO.:d s 412112004 
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PART II.E.2.a OF APP NO. 101704, DATED JUNE 6. 1997 
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.OQUJFER PROTECTION J'ERMJT 
Permit Nombee 101704 

Page 7 of 123 

.7. The miiXiroum allowable hydrau lic pressure lor injection )Yells shall be established by a fraclilre gradient of 
0.65 psi/11 depth measured from the ground surface to the top ofthe injecti011 intCI'Val. 

MObltorlng Requl.remea11 

AH monitoring required in Ibis pennit 'ball eontiDue for the duration of the permit unless otherwise designated in 
this penni! or lin apptoved contingency pl111. . 

~ 

I. Pre-Operational Monitoring 

In additioa to lhe Compli&nClC Schedule requirements in Part Jl.K of this penni!, the perminee shall 
comple!e items a and b prior to commencement ofeommu.-ial operations. . 

a. Pre - Operational Monitoring- In-Situ MiDi: 

The penniJtee shall demonstrate the effectiv eness of lhe four-pair hydraulic control monitoring 
nerwerk by using all ir(jection and recovery wells along the perimeter of the tint mining block as 
observatioo wells for a peJiod of 90 days. Observations ofwater level elevations shall be made 
apd recorded daily for eech wen in the min!.n& block during the 9G-day period. In addition, the 
permittee will measure and rCQJrd el«~rical conductivity of the gJOUDdwatu on a daily basis iD 
eaclt of the designated observation wells. Hydraulic control for the minins block wll be 
demonstrated by data showing· diat an inward hydraulic gradient has been established. The 
permittee may no! commence commen:ial operoti(!TIS until hydraulic control is demonstr8ted and 
the results of pre·oporational monitoring subm itted to the ADEQ Aquif..- ProtectiO.D Permit 
Program. 

b. Surface Facilities Bacl(ground Monitorine 

Sixty days from tbe effective date of the permit, the penninee shall submit to tbe Departoient a 
wOJkplan fw characteri%ing the high background levels of nittate and rodiochemlcals in tbe orea 
of the surface facilities. When completed, the results of the background characterization shall be 
submitted to and rev iewed by the ADEQ Aquifer Protection Permit Program. Changes to the 
monitoring program which act to inereue the level ·or monitoring as a result of Ibis 
characterization shall be considered a minOJ modification ofthe permit. 

2. Opentionll Monitoring 

L Process Solution Monitoring 

The process solution monitoring points specified in l'llrl N, Table ll.A for the PLS pond, ratrmate 
pond and evaporation ponds shall be sampled according to the pararueters and frequencies listed 
in Part IV, Table li.A. The resulls of process solution monitoring shall be documented on the 
Self-Monitoring Report FOIDI and submitted with lbe quarterly report to the ADEQ addrus swed 
in Port JJ.L.2. 

b. Pre-existiDg Underground Workings - In-Situ Mine 

The pre-eJCisting undtrllfOWld workings shall. be monitored aCGOrdlng to the moJ>itortn& and 
contillgency pl;m to be submitted to the ADEQ Aquifer Protection Pennit Program as required by 
Part Il.K.d. 

3. Groundwater Monitoring 
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f. 	 any limi;ations. on future l3nd or water U$es created 3S a resi!h of ihe far,i li tf~ operations o~ ~losure. 
activities, · · 

g. 	 the m~th9ds to be used to seCiire the facility, 

•. 
h. 	 an estimai e ofthe cost ofclosure, Md . . 	 .. 	 . 
i. a schedule for implementation oflh~ closure plan ~d the submiss ion ofo pos t-closuie piau. · 

2. 1!1-.S itu Mine Block Closure' 

JYennittee wi'n co~ence~ine bloCk closure~ onlhe e~omic~very~fcopperfronf~.k-sil~mille : . 
!;lock. During mine block closure ope111tions, the ptnninee will cease the injection ofraffinate; and wlU initillle · 
a. rpineblocl< rins.ing program e«nsistin g oflhe. ifl~ection of_for!Jlation.w~tetand r~covecy. At all'1iin~ during ·. 
Initial block rinsing, the penn i.neewill mainta in hyd111ulic contr~l by susroinill.g an in.ward hydrauli c gradient . 
within the min e block. The permittee wil{moilitor the rinsing pr.ogre!s by •n~lyzing the water recovered.&om 
~en:field headm for sulfate concen1ration: Wl!en lev~bofsu!fate in the headb-s have reached ;Lpproximately 
750 pans per million, the permittee will sample t~e .injeclicmweU J:ieader discharges'forall Part JV,'T.ablelll.C 
corysii!IJenis. Jfthe resu lts pft!Je-sampling descr.ibed in Part TV. Table IU.C, s)low concen;n-ations ofparinnet~ .. 
in exceedance ofany' AWQS, then rinsing 'oP.erntions will continue uritil .the i:oncentl';ltioos ofall parnmeier~ : . 
are beio.W the AWQS. The su·lfate .concen<Tiition at .or belo:w wb.icb, aU.AWQS ai-e met will serveas ·a.t · 
indi,eation for acceptable closur e of1bt mi!Je bloclc . .. . ., .. . . . . .. ' . . . . . 

' . . 

The ~rmin.ee will sample all of the wells iii the mine'bl~ck undergoing ciQ~e (o det~min/if.the ; uifale . ..·.. .. 
concentrations are Jess than 0 ( great~r th~ the' indicator sulfate oonceni.ratioii,. The per mittee will continue 

· • ~insing·eath well within the mille block until such time that the'sulfate concentfa(ion ~~·-each iveu is les.s tban · . 
th e indicator concentrition. ~· ·· . · , · · · · .• · ' •• · ' 

; Wb~n ali lndivid~al·~~~~ concenttati~~s a.:C befo·w ;the indi~~tb~ ;ul~ate concentratio~·hyd~ulic ·c:00~1will ~e' . .. 
~ ' 	 • • . ·. l . • . ' • ' . , . • 

discontinued ' for 90 days: At tile end of th e 9Q-day perlod, ,the header~ will be >Narnpled and if sulfate•. · · 
concentrations remain' below the indicatO{ sulfate concentration, tJi~~ th epermitteemay cease all rinsi;\g and. . . : , 
monitor~& activiti es within the mine'block areas. (AU POe weUs will coniinue te be monlto(e.:J.in aci:orcfru= .. 
with Part n.E.d). , . • : ·: ·.. . ·.' ' . . . 

' ' I _., o • 
! • •. • - •• 

.. • • .,. '. ~. • • .. • : • • ' t • , - • • \ • • ' ' • 

The perm in ee·win document ihe results ofc.Josiire oi>erations i,n the :subsequ~nimopiiOJ;ing rep~n. Permittee .. 
. wiJf commence' cem~nting the' wells per th e. weJl abandonmero! plan ifDO objec(iori haSbee,ri rec~ived frO!Il ··. : ·, 
.'ADEQ wiih;,; 30 day~ a.{tcr filing ofthc report. ., . 

. ,- • 	 ( I... 
·. . . 	 3. . Evapor_atioo Pond Closure ,. ,• . . ·.· 

' . ~ ' 	. ·. . 
• , . ··,. _.:, . ·,· ,• . . . ' · . . ·. ' · . ··. .. 	 ·-... ... .. :. ·... 
· The permittee shall ·submi't a complete c~aracteriz.alion of the' evaporation pond precl~t~tes and a:detailed 

closure plan rcir.ihe enpora.ticio ponds n(llate'r than 180 days prior to th e comrnenc:ement date for facility : 
closure. · ·· · • · ...; 	

. '; 

4. C\osute Compl~tlon 	 . . . . . . .. .. 	 .· . 

Upon c~,;,pletio~ ofclosure acii;,lties, the permittee shall gi ve ·~rinen notice\(, the AbEQ Aqui[e•;i'r~iection 

Perinit Program indicating that the:approved closure p)Jln has beeu fully implern~ed. ~ · · :. · · . ·.. ,
.. . . . . . 	 .....·. 	 .. .·. ... 

~ 

... ..·-.. ' .. .' 
.' 

•. 	 .· .. 

'•' .
' Re~ised 0~11712000: 08/23/2001·, !i t03nOOI and i2105(.200i 

' .· .. 
.·. 
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5. Within thhty (30) days of teceiving me laboratory results verifYing that 111 

AQl has been exceeded, the permittee shall do the following: 
(a) Submit a wrinen report to EPA providing an eval\Wion of the 
c.ause, impacts, or mitigation of me discharge responsible for the AQL 
exceedance, or 

(b) Submit a written repon to EPA which demonstrates that the AQL 
exceedance resulted from an error(s) in sampling. analysis, or Slatistical 
evaluation. 

6. Upon review of the repon documenting the AQL exceedance, lhe Director 
may require additional 1110nitoring and/or action beyond those spKified in chit 
permit 

L RLSTORA TJON aDd PLUGGING &: ABANDO~"MENT 

Pursuant to 40 CFR Pans 140.10 and 144.12, the permittee shall comply with lbe followin& 
aquifer cleanup, ground water monitorin.s, &lid plugging and abando!m)ent a.ctivitics to ens111e 
adeQuaJe protection of USDWs: 

1. Closure 
(a) Constituents with primary MCLs: Within 90 days after mining a zone, the 
permittee shall commence renoration activities for lhat ;z:one. .Ea.c:b zone shall be 
restored to conuntr4rions which are less than or equal to primary maximum 
contaminant levels (MCls) defined at 40 CFR 141, or pre--mining backgroUDd 
concentrations. The permittee shall follow the pr oced111e detailed at (c), bdow. 

(b) Constitucnss without primary MCLs: In a.dditioo to constituenzs with primary 
MCU, the penninee shall ensure that constituents which do not have primary MCl.s 
do not impact USDWs in a way that could adversely affect tbc health of persons. 

(c) Clos111e and Pl~gginglc Ab&~~donmc;nt Procedure: The pennittee wiD commence 
closure operations based on the economic recovezy of copper from tach in-situ zooe. 
During dosure operations, 1be perminee will cease injection of raffillate, and initiate a 
rinsing program consisting of mjectionlrecovery and recovery. At alJ tiznes durinJ 
initial Wile rinsing, the penni~ shall maintain inward hydraulic gradients (hydraulic 
control) of the :zone. !be perminee will monhor me rinsing progress by malyzina 
water recovered from weJJ.field headm for lul!ale coocentr4rioo. Wbeo levels of 
sulfate in lhe budm have reacl!ed approximately 7SO parts per miliUm, die permiuee 
will sample header discharges for all Level 2 constituents defined at Part D. Section F 
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of this permit If results of the Level 2 sampling show that one or more compounds 
are above primary MCLs md. the pre-mining background concentrations, rinsina 
operations will continue until all compounds are below primary MCLs 2!: the pre­
mining bac'kground concentrations. The sulfate concentration at or below whicb all 
primary MCLs or pre-mining background concentrations ue met will serve LS ao 
indication for acceptable closure for that 2.0ne. 

The permittee will sample all wells in the :.one undergoing cloSIIfe to detellDine if the 
sulfate conceonations are less than or gruter than 1be :zone's indicator sulflle 
cooceotration. The permittee shall continue rinsing each well until sueh time th111he 
sulfate concentration in the well is less than the indicator concentration for that 2.0ne. 

When all individual well conceDtrations within the zone are below the :.one's indicator 
sulfate concentrarion, hydraulic control for these wells will be discontinued for 90 
days. At the eDd of the 90-day period, the headers will be re-sarnpled aod if sulfate 
coocenrrarions remain below the zoDe's iodiwcr sulfate concentration. the permittee 
may cease all rinsing and monitoring activities for the wells in mat :wne. The 
permittee will docume:"ll the results of the closure operation in the subsequent 
monitoring repon. The permittee will commence cementing the wells pet lhe Well and 
Corehole Ab&~don.ment Plan (Appendix C) if oo objection has been received from 
EPA wilhin 30 days after filing of the repon. 

• 
2. Post·Closure· 30-vear Monitoring !t POC wells; To ensure thai the resloration r~uired 
at (1), ahove, accomplished the objective of retUrning all mining :r.ones to primBJ')' MCI..s (or 
pre-mining background concentrations) aDd lhereby providing adequate protection to 
surrounding USDWs, the permittee sbaiJ comply with the 30-year Post-Closure monitoring 
propam and the AQL exceedanre contingency plan es-.abtished at Put n, Section F and 
Section H.2.b of this permit. 

J. POST AUDITS 

The permittee shall verify 1hat the poliutant fate and tr&~sport are behaving as predicted. 
During the 1hird (3). fifth (S), IIJld fiftecDth (1 S) years aftn the commccemeut of !Dining, the 
permittee shall conduct a post audit o{ the computet modeling which predicted the fate md 
transpon of pollutants discllatged by \be Florence Project. For each audit. the permittee shall 
submit a repon to EPA describing the post audit as well as any changes in the conceptual 
model, my model redesign, and any changes in predicted post-closure conditions. 
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wells wue lnnalled In the unelter/concmtrator plant aru. W ater quality data have been collected at• several monitoring points up· and downgradlent of the taOlngs lmpoundmtnts on San Pedro River. 

• 


• 


The ADEQ Mining Unit >uggested that the Surface Water St<:t!on perform radiochemical analyse3 
on future samples. New groundwater monitorlllj! data from t hese weUs Is ""Pected In 1999. 

BB$ed on the lnfonnatlon above, radlonuclide concenUlltlons In •cmt of the copper procu.lng 
waste meams may be significantly abovt the natUTal crustal abundance. 

B. In-Situ and Solvent Extraction Operations 

Several Arizona copper ore bodies ""' either too deep or an too low-grade to be mined by con· 
venlional surfaCI! or underground methods. However, In-situ solutkm mining may be an eco­

nomlcel option. There are "'verol!n·•itu solution copper mine> in the Ari2ona copper mlnlng belt. 
H lgl> lovtls of TENORM have bttn found In 1M PLS of two ln·s!tu leach optrotlons In Aru.ono. 

Typically, an ln·>ltu copper mining company wiU br requl"'d to undergo a joint ADEQ-EPA 
pennltting proe<lss. EPA lssu.. a federally·admlnlster<!<l Cia,. U1 Underground Injection Ccmtroi 
(liTC) pennlt and on squlfer exemption permit that foc\14 on the subsurface il\l•cUon and restore· 
tion actJvltles. ADEQ lnlt,.tes an APPA procns that focusa on borh •ubsurf2ce aai'<irles and the 
surface factlft!es and lmpoundmerru. 

A proposed operation must meet both of the following two crlterlo for an aquifer exemption: 
I) the aquifer m ust not cum ntly :oetve as a source of drlnldng water and 2) the ptrmlt applicant 
mus! demonstrate that the deposit contains rnlntrals that are expected to be commerclally pro· 
dudble. Tho permit cover-. the construcllon, opontlon, and eventual closure of the lll)ectlon and 
recowry ~l.s system and surface fadlltles and impoundments. The pennlt also deflneo the lateral 
and vertical boundarle$ of the proposed aquifer exemption. 

A ryplcalln·sltu facility contain> raffinete Impoundments ond procenlng facUlties for the 11\Joc· 
tate (allxlvent ><>lutlo n of•ulfurrc acid with a pH of 2), a PLS impoundmm t, a SX!EW plant, $W'­

face n m·onlrun··olf fadllties, an evaporntlon ImpoundmEnt, a non-storm water containment Impound· 
ment, and sncUlary facilltl... The m lnlng arn 1.\ wually divided Into di=ete mining uniu. Injection 
mining procetds on a unlt·by·unlt basis until the ore zone Is depleted. Injection occurs within the 
ocreened interval thro ughout the = :zone. The recovery -11.< .,., constructed 50 feet to 200 feet 
from tho Injection woUs, deptnding on the permeab!llry of the foriTUllion, and are ocrerned In the 
oame • one. Once the ore zone has been depleted, It will bt rtnsed with fresh formation wat.er until 
the squlfer meeu Aquifer Water Quality Standards (AWQS) and Primary MCu. 

1. BHP Copper Florence In-Situ Project 

BHP Copper Florence (for merly Magma Florence) was granted a UlC permit (No 396000001) 
and aquifer exemption to operate an In-situ copper mine located two miles northwest of FloreMCI!, 
Ar1zo1111. Tht GUa River flow• >OUthwen and ItS Ooodploln Is about 1/4 mile south of the m!m. The 
copper ore body Is bet ween 400 feet and 1600 fett deep In highly fra ctured Prtombrian grenlte, 
g neiu , and schist. The ore zone Is about 250 aut> wide. The water table Is ISO feet below the sur· 
face and the ore body Is within the >aturated to~. The local nratigrophy consists of four hydroseo­
logJc unlu. T he uppermost alluvial u nit Is an upper basin flll that consists of Interbedded gnovel5, 
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• .ands, and sUt ltnses. The second unit Is a middle silt and clay nne grained formation. Alower allu· 
vial unJt consisu of conglomeratic gravel and sand. The basin 011 are und~laln by frocturtd lgmottt 
and metamorphic rocks that contain the ore body. ADEQ Is currently In the process of reviewing 
BHP s APPA. 

ln January of !996, BHP (Magma) conducted a column leach tl3t to chlll'acteri•e the leachabUt· 
ty of the mlnerali2.ed ront and determine the chemical composition of the retultant PLS. Samples of 
ott·bearing quaru momonJte and granodiorite ~re leached for 58 days with 10 lit..-. ofaulfuric add 
and maintained In a clOJOd system at a pH of 1.5 to 1.7. The PLS was an.alyted for common tom, 
metals and radlochemlc.ab. ThoTDS and sulfate concmtrallon at the end of the test was 26000 to 
37000 mg/L for the qu•ru monwnite and 18000 to 23000 mg/L for the granodiorite. The sross 
alpha and beta actMties for the quartz monzonite were 8649 a nd 3683 pCi/L, respecllvely. Similarly, 
the grou alpha and beta acti\'iUts for the granodiorite were 897 and 612 pCi/L, respectl\'Oiy. The 
Ra-226 concentration of both ..mples was 33.6 pCt/L for the quaru mortton!te and 19.5 pCi/L for 
the granodiorite. The total uranium, U-234, U-235, U-238 for the quart>. m onzonite were 4362, 
I 745, 598. and I 611 pCt/L and for the granodiorite 0.835, 254 , 11 .6 , and 248 pCt/L, respectively 
(Table 18). 

• 

Subsequently, the rafflnate from the PLS was recirculated Into the leach system for anotMr 19 
days. Then the sampks were drained and washEd wfth groundwater for another 14 days In an open 
system. At the end of the wash test, the solution wa. tested for radiochomJcals. The g ross alpha and 
bota octlvlties for the quartz rnomonile and granodiorite were reduced to I 1 and 3 (alpha) and <8 
and <8 (beta) pC IIL for both the quart2 monzonite end granodiorite. The Ra-2 26 and Ra-228 con· 
centraUon wa~ also reduced in both samples. The total uranium. U·234, and U-238 were 10, 27 .3, 
20.7 and 1.2, 6.8, and 4.82 pCt.IL, respectively (Magma, 111996). The an.alyUc resulu are shown In 
Table 18 (Ma,m.o, Ill996). In all cast$ the quartz momon!te ahowed higher Jowls of radlocheml­
<.als then the granodiorite. The ranse of background levels alpha and beta activity and Ra-222 ere 
shown a t the bottom of the Table 18. 

Table 18 

Radiothemical Analysis of Leach Test Samples 
Magma florence In-Situ Copper Project. January 199ii (pCill) 

s..,,, Crou A1plu Groa Bee. Tour-U U-234 U-235 U-238 R.·l26 R•-22B Rn.Z22 

IMchTtot 

quaru moJl2;01"dtc 8649 3683 436Z 1745 S98 1611 39.6 <2 810 

granocllonte 897 612 O.S4 254 11.6 248 19.5 <2 243 

WashTut 
qWrtl monzaniCC II 3 10 27.3 0.6 20.7 2.5 4 5.3 

er•ncdlortto 4 4 1.2 6.8 <0.6 4.82 <(),6 <3 7.9 

lltd Floftnoe' 
H~h 3.0 14.0 O.l Z36 

Low ) .0 4.0 197.8 

Leveh or rodto>CiiYII)' In -... olled<rol MCL.s "' Atlzcma gulcldllle$ ...d>OWQ In bold 

Rorormu: Mesm.. l/1996 

• 
• No dtte 


' B"'karouoxl '"'"' lrwn Toble 8, Fl«trxo. Arl:tono 
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These data indicate that the PLS produced from the Magma Florence In-situ projects contain 
very high levels of radionuclides and that they an lezchable. 

2. Santa Cruz In-Situ Copper Project 

On Octo ber 30, 1994, ADEQ and EPA granted ASARCO Santa Cruz Inc. an EPA-issued UIC 
permit (No 397000001) and an Aquifer Protection Permit (No P-101431) to operate an In-situ 
copper mining research facUlty. The site is se\•en mUes weot of Casa Grande and consists ofa five 
spot well field containing four reeovery well.> and one l'lJection well. The pe·rmlt approved plans for 
down hole perfOt'atlon o f well cmlng and hy<lraull<: fractur ing of the aquifer test area. followed by 

injection testing usi ng sulfuric add for development and redevelopment and sodiu m bromide tracer 
testing during tht mining phase. Surface treatment facUitleo Included four evaporation ponds, one 
PLS pond, end one rafflnate reservoir. 

There are three geologic unll$ beneath the Santa Cru:z. site. Six hundred feet of basin-fill 
deposits ovorlle 600 to 650 feet ofT ertlary age conglomerate that lie upon the Precambrian granite. 
T he basln·llll depmit.s comp rtse the p rincipalaqulfrr in the mining area and the groundwater level 
In thelresin·fUI aquifer is about 49 0 feet below t he surface. The copper mtl'lerallzed wne begins at 

about 1100 foe!. It includes a cap rock and an oxide and sulfide zone that eJCtend> to over 2360 feet. 

• 
The 4th Quarter 1996 monitoring report Included rndlochemicalanalyses o fthe raffinate and 

PLS. Total uranium of the rafflnatt and the PLS Is 4. 1 and 2.6 mgll with 6800 and 4410 pCIIL 
gross alpha and 193 and 99 pCtll Ra-226 (Table 19) . 

Table 1t 

Radiochemical Water Sample Results, ASARCO Santa Cruz 
In-Situ Copper Project, January 1997 (pCill) 

Somplc C r..., Aiph• TotuU Ra·2l6 Ro·228 Rn-222 

R.mn.ou 6800 2870 193 19 Z410 

P_,.nt Lw:b SolotJm 4410 1823 99 8.3 37&0 
Bed c.,. Cnmdo' zo 6.0 0.1 5442 

leveh of radioadJVlt)' In exnu of ff!dt::ral MCU or Aritonaculdetll'l£5 en shown In bold 

Reteron<o:ASARCO. 1997 

• No Data 

•B.cJ.around d•,. li'om T• ble 8, c.,, Grande 

These ren J!t.s confinn thet uranium O<curs In the PLS ond raffinate of the proceso streams at the 

Santa Cruz In-situ copper operatio n . 
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