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1. INTRODUCTION 
 

 A plume of sulfate-bearing groundwater has been detected downgradient of the Phelps 

Dodge Sierrita Tailing Impoundment (PDSTI) south of Tucson, Arizona (Figures 1 and 2).  In 

June 2006, Arizona Department of Environmental Quality (ADEQ) and Phelps Dodge Sierrita, 

Inc. (PDSI) entered into a Mitigation Order on Consent (Docket No. P-50-06) (MO) requiring 

PDSI to characterize the extent of sulfate in groundwater and to develop a Mitigation Plan for 

any impacted drinking water supplies attributable to the PDSTI. 

 

 PDSI is now mitigating sulfate through groundwater pumping and providing alternative 

water supplies.  The MO provides a structure for conducting additional environmental 

investigations and evaluating additional potential mitigation alternatives.  As a requirement of 

the MO, this work plan presents the rationale and methods for further investigation and 

development of a Mitigation Plan.  Hydro Geo Chem, Inc. prepared this work plan on behalf of 

PDSI.   

 

1.1 Mitigation Order Requirements Pertaining to Work Plan 
 

 Section III.A of the MO requires a work plan designed to complete characterization of 

the vertical and horizontal extent of the sulfate plume downgradient of the PDSTI.  Specific 

work identified in the MO includes:   
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• A summary of existing information on the characterization of the sulfate plume 
downgradient of the PDSTI, including references to known and ongoing characterization 
and assessment information (MO Section III.A.1),  

 

• A Quality Assurance Project Plan (QAPP), with a schedule of implementation, that 
defines the sulfate plume characterization and assessment objectives, and describes the 
methods, organization, analyses, and Quality Assurance and Quality Control that PDSI 
will implement and/or perform to ensure that characterization and assessment objectives 
are met (MO Section III.A.2),  

 

• A plan encompassing one or more phases, to complete characterization of the sulfate 
plume downgradient of the PDSTI with an implementation schedule that includes site 
access and permitting requirements.  The plan is to include sampling and testing of 
additional monitoring wells necessary (1) to identify the horizontal and vertical extent of 
the sulfate plume downgradient of the PDSTI as defined by concentrations in excess of 
250 milligrams per liter (mg/L), and (2) to evaluate the fate and transport of sulfate 
downgradient of the PDSTI (MO Section III.A.3), and  

 

• A plan to inventory all existing registered private wells used as a drinking water source or 
public drinking water system wells located within a (1) mile radius of the sulfate plume’s 
down and cross-gradient outer edge (MO Section III.A.4). 

 

In accordance with Section III.C of the MO, the findings of this work are to be reported 

in an “Aquifer Characterization Report”.  In addition to the work identified in Section III.A of 

the MO, Section III.C.4 requires the Aquifer Characterization Report to address the effectiveness 

of the existing sulfate control system.   

 

 Section III.D of the MO requires a Mitigation Plan that identifies and evaluates 

alternatives that practically and cost effectively provide drinking water meeting applicable 

sulfate levels to the owner or operator of an impacted drinking water supply in accordance with 

Arizona Revised Statute (A.R.S.) § 49-286.  An impacted drinking water supply is one that is 



 

Work Plan to Characterize and Mitigate Sulfate with Respect to Drinking Water Supplies in the Vicinity of the PDSTI 
G:\783000\REPORTS\PDSI_WorkPlan.doc 
August 11, 2006 

 3 

determined to have an average sulfate concentration in excess of 250 mg/L due to sulfate from 

the PDSTI.  The Mitigation Plan is to include sampling and analysis methods for documenting 

the average sulfate concentration of a drinking water source, and a process for verifying that the 

sulfate is due to the PDSTI.   

 

 Although sulfate is a non-hazardous constituent and the applicable legal criteria to 

address the plume are set forth in the MO and A.R.S. § 49-286, the process approach outlined in 

the MO and incorporated in this work plan generally is modeled after the process for remedial 

investigations and feasibility studies used in the Arizona Water Quality Assurance Revolving 

Fund and the Federal Superfund Program.  This work plan proposes an Aquifer Characterization 

Plan (ACP) and a Feasibility Study (FS) for sulfate mitigation to address the requirements of the 

MO.  The ACP will determine the nature, extent, fate, and transport of sulfate and will gather 

information needed to develop mitigation action alternatives consistent with the MO.  The FS 

will identify and evaluate mitigation action alternatives and recommend a Mitigation Plan in 

accordance with the objectives in the MO.   

 

 Although not addressed by this work plan, the MO also requires: 

 

• the formation of a community advisory group which will meet four times yearly,   

• a local information repository for the dissemination of information about the MO, and  

• submittal of quarterly status reports to ADEQ.   
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1.2 Work Plan Organization 

 

 The components of this work plan are meant to fulfill the work requirements in 

Sections III.A, III.C, and III.D of the MO.  The work plan is organized as follows:   

 

• Section 1- Introduction.   
 
• Section 2 - Summary of Existing Information.  Section 2 discusses background 

information, describes the current efforts to mitigate sulfate, and presents an overview of 
the geology, groundwater hydrology, and water quality including the known occurrence 
and extent of sulfate downgradient of the PDSTI.   

 
• Section 3 - Aquifer Characterization Plan.  Section 3 describes work to further 

characterize the nature and extent of sulfate in groundwater.  This work will include: a 
well inventory to identify private drinking water wells and public water supply systems 
located downgradient and cross-gradient of the sulfate plume ; groundwater monitoring; 
monitoring well installation and testing to determine the aquifer structure, to further 
delineate the extent of sulfate, and to quantify aquifer hydraulic properties; an analysis of 
the effectiveness of the current mitigation control strategy; numerical modeling of 
groundwater flow to predict the future movement of sulfate and to test potential control 
strategies; and reporting.   

 
• Section 4 – Identification of Potential Interim Actions.  Work to identify potential 

interim actions is described in Section 4.  This task which is consistent with FS activities, 
considers potential interim actions if average sulfate concentrations exceed 250 mg/L in a 
drinking water supply before the Mitigation Plan is completed.   

 
• Section 5 - Feasibility Study for Sulfate Mitigation Plan.  Section 5 provides the work 

plan for an FS to develop a sulfate Mitigation Plan.  The FS will identify mitigation 
action objectives, evaluate potentially applicable response actions and technologies, 
identify mitigation alternatives for meeting the project objectives, evaluate the benefits 
and costs of the alternatives, and produce a Mitigation Plan.   

 
• Section 6 - Schedule.  The work and reporting schedule for the ACP and FS for the 

Mitigation Plan is provided in Section 6.  The ACP and FS have been designed to 
proceed in parallel to identify mitigation options early in the process.  Tasks related to 
identifying and addressing potentially impacted drinking water supplies (e.g., well 
inventory and identification of potential interim actions) are scheduled to be completed as 
soon as possible in the process.   
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 The appendices provide various supporting materials referenced in the text including a 

QAPP describing the work methods to be used. 
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2. SUMMARY OF EXISTING INFORMATION 
 

 Section III.A.1 of the MO requires a summary of existing information on the extent of 

sulfate in groundwater downgradient of the PDSTI, including references to known and ongoing 

characterization and assessment information.  To address this requirement, this section provides 

an overview of the estimated extent of sulfate in groundwater; reviews the current mitigation 

actions being taken by PDSI to address sulfate; describes the geology, groundwater hydrology, 

and water quality downgradient of the PDSTI; and presents a conceptual model of the sulfate  

plume.   

 

2.1 Background 

 

 The PDSTI is approximately 25 miles south of Tucson and from 0.5 to 1.5 miles west of 

Green Valley in Pima County, Arizona (Figures 1 and 2).  The PDSTI covers approximately 

3,600 acres located east of the Phelps Dodge Sierrita Mine open pit and mineral processing 

operations, and west of Green Valley.   

 

 The PDSTI is one of several tailing impoundments associated with mines in the Pima 

mining district.  Immediately north of the PDSTI is the inactive Twin Buttes Mine.  The Pima 

mining district had sporadic mining activity starting in the late 1800s, but large-scale 
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development of the copper and molybdenum deposits using modern mining methods did not 

begin until the 1950s.   

 

 In the 1970s, groundwater was found to contain elevated concentrations of sulfate in the 

vicinity of PDSTI and other mines in the Pima mining district (Pima Association of 

Governments (PAG), 1983a and 1983b).  The origin of the sulfate was identified as seepage 

from various tailing impoundments into the underlying aquifers.   

 

 Tailing impoundments contain the finely milled rock resulting from the liberation of ore 

minerals at the mines.  Tailing are deposited as a slurry containing a high percentage of water.  

As the solids settle out of the slurry to form the impoundment, tailing water collects in ponds on 

top of the tailing.  Although much of the water contained in tailing evaporates or is reclaimed by 

pumping it to the mine for reuse, some portion of the water infiltrates the subsurface below the 

impoundments and mixes with the ambient groundwater flow system.  The sulfate concentration 

of the seepage depends on the original sulfate concentration in the slurry, any concentration by 

evaporation or dilution by admixture with precipitation or other waters added to the 

impoundment, and any sulfate produced by oxidation of residual sulfides in the tailing.  The 

sulfate concentration in groundwater flowing in the vicinity of the tailing impoundment depends 

on the relative volumes and concentrations of sulfate in the tailing seepage and the groundwater 

into which it mixes.   
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 The MO sets an average sulfate concentration of 250 mg/L for drinking water supplies.  

As illustrated in Figure 3, groundwater sampling conducted in the Green Valley area has 

identified a groundwater plume with sulfate concentrations in excess of 250 mg/L based on data 

available as of April 2006.  The zone of elevated sulfate extends from the base of the PDSTI 

northeast to the western edge of Green Valley and north to approximately Duval Mine Road.  As 

discussed in Section 2.5.1.5, the northern-most extent of the plume is inferred based on apparent 

historic migration rates.  In April 2006, concentrations of sulfate in wells near the eastern edge of 

the tailing impoundment ranged from 100 to 1,750 mg/L.  Based on available data between 

December 2004 and April 2006, concentrations in wells on the west side of Green Valley ranged 

from approximately 20 to 570 mg/L.   

 

 Because sulfate concentrations exceeding 250 mg/L have been detected in two 

Community Water Company (CWC) drinking water supply wells, ADEQ determined that a 

drinking water source is being or is about to be rendered unusable without treatment under 

A.R.S. § 49-286.  In June 2006, PDSI and ADEQ entered into the MO to address the sulfate 

attributable to the PDSTI.   

 

 The MO requires PDSI to mitigate an impacted drinking water supply if the supply can 

be verified as having an average sulfate concentration greater than 250 mg/L as a result of the 

sulfate plume originating from the PDSTI.  As stated in Section II.B.4 of the MO and 

A.R.S. § 49-286, mitigation measures may include:   
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• Providing an alternate drinking water supply. 
 

• Mixing or blending if economically practicable. 
 

• Economically and technically practicable treatment prior to ingestion. 
 

• Other mutually agreeable mitigation measures. 
 

2.2 Current Sulfate Mitigation Actions 

 

 Current PDSI mitigation actions consist of: 

 
• groundwater pumping to control the migration of sulfate-bearing water in the aquifer,  

 
• alternative water supplies, and 

 
• groundwater monitoring. 

 

 PDSI has installed and operates groundwater pumping wells along the eastern and 

southeastern boundaries of the PDSTI to intercept sulfate-bearing groundwater before it can flow 

eastward and mix with groundwater in the regional flow system.  These wells are called the 

“interceptor wellfield”.  Water from this wellfield is pumped for reuse at the mine.  

 

The first eleven interceptor wells (IW-series wells in Figure 3) were installed between 

1978 and 1984.  Since 1984 the wellfield has been expanded by the installation of new wells and 

replacement of damaged wells.  In April 2006, the interceptor wellfield pumped approximately 

5,550 gallons per minute (gpm) from 23 wells that are designed to be pumped continuously.  

Since 2002, PDSI has expanded the capacity of the interceptor wellfield through a program of 
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well rehabilitation, well replacement, and infrastructure improvements.  The current wellfield 

pumping rate is approximately 24 percent greater than the 2002 average annual extraction rate of 

4,485 gpm.   

 

 PDSI is working with CWC to develop both an interim and permanent alternative water 

supply for the two CWC wells showing elevated sulfate.  In June 2005, CWC suspended use of 

drinking water supply wells CW-7 and CW-8 (Figure 3) due to sulfate concentrations.  As an 

interim alternative drinking water supply, PDSI is providing CWC with water from three PDSI 

wells known as ESP-1, ESP-2, and ESP-3.  PDSI is working with CWC to develop a permanent 

replacement drinking water supply consisting of two new wells, CW-10 and CW-11 (previously 

known as AN-1).  Because these two new wells contained elevated levels of arsenic attributable 

to natural background conditions, PDSI has agreed to provide arsenic treatment systems to meet 

drinking water standards at the wells.   

 

 Monitoring well installation, water level monitoring, and groundwater sampling are 

conducted by PDSI to track the amount and extent of sulfate concentrations in groundwater and 

to evaluate the performance of the interceptor wellfield.  Since December 2003, PDSI has 

installed 10 monitoring wells (MH-13 A, B, C; MH-25 A, B, C/D; MH-26 A, B, C; and MH-30 

on Figure 3) to further characterize the sulfate plume.  The environmental monitoring and 

sampling data provide critical information on the nature and extent of sulfate and the dynamics 

of the groundwater flow system.   
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2.3 Geologic Setting 
 

 This section provides an overview of the geology in the vicinity of the PDSTI.  A more 

detailed description of the geologic units, with reference to characteristics reported in geologic 

logs for area borings, is provided in Appendix A.  Appendix A also contains geologic cross 

sections through the area of the plume, illustrating the distribution of subsurface materials and 

other features such as the depth of bedrock and well construction.  Geologic data have been 

drawn from a variety of sources including U.S. Geological Survey publications; reports on 

various geologic, water supply, and environmental investigations; and a review of geologic logs 

for area wells.   

 

 The PDSTI is in the southern portion of the Tucson basin (Figure 4).  The southern 

portion of the basin is bounded by the Sierrita Mountains on the west and the Santa Rita 

Mountains to the east, with the axis of the basin lying approximately along the Santa Cruz River.  

The mountains are composed of bedrock materials, and the basin consists of clastic sediments 

with some interbedded volcanic rocks.  The basin fill deposits are thickest in the center of the 

basin and thin towards the basin margins.   

 

 The geologic units in the PDSTI area can be divided into three generalized units: Recent 

alluvium, Quaternary and Tertiary basin fill deposits, and the bedrock complex.  As discussed in 

Section 2.4, Recent alluvium is not a significant aquifer because it is typically unsaturated.  
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Basin fill materials form the primary water supply aquifer in the area.  Bedrock is typically a low 

permeability material that is not a significant aquifer.   

 

 Figure 5 is a generalized geologic map taken from Davidson (1973), who characterized 

the lithology and formations of the basin fill throughout the Tucson basin.  Detailed geologic 

maps of the Sierrita Mountains and Santa Rita Mountains are provided by Cooper (1973) and 

Drewes (1971a, 1971b), respectively.  General descriptions of the geologic units in the vicinity 

of the sulfate plume are provided in Sections 2.3.1 through 2.3.3.   

 

2.3.1 Recent Alluvium 

 

 Recent alluvium consists of the unconsolidated sediment in stream channels of the Santa 

Cruz River and the various washes that feed into the Santa Cruz River from the surrounding 

uplands, alluvial fans, and sheet wash deposits (Anderson, 1987).  The alluvium is up to 

approximately 200 feet thick in the vicinity of the Santa Cruz River and includes coarse grained 

sediments in the stream channel and clayey to sandy overbank deposits on the flood plain of the 

river (PAG, 1983a).  The alluvium is thin in washes tributary to, but distant from, the Santa Cruz 

River.  Geologic logs for monitoring wells completed in stream channel deposits six or more 

miles west of the Santa Cruz River indicate the alluvium ranges from zero to several tens of feet 

thick (Errol L. Montgomery & Associates (ELMA), 2001).   

 



 

Work Plan to Characterize and Mitigate Sulfate with Respect to Drinking Water Supplies in the Vicinity of the PDSTI 
G:\783000\REPORTS\PDSI_WorkPlan.doc 
August 11, 2006 

 14 

2.3.2 Basin Fill Deposits  

 

 The Quaternary-Tertiary basin fill is composed of interbedded sequences of sand, gravel, 

silt, and clay.  The basin fill is an important unit because it is the principal aquifer of the region 

and because it contains the sulfate plume.  Sand and gravel are the primary components of the 

basin fill and dominate the lower portion of the sequence near the PDSTI.  Coarse, cobbly 

horizons and caliche-cemented zones are sometimes present over large areas.  Volcanic flows 

and tuffs occur in the mid-Tertiary portions of the basin fill.   

 

 Davidson (1973) differentiated basin fill deposits into three units: the Pleistocene Fort 

Lowell Formation, the Miocene Tinaja beds, and the Oligocene Pantano Formation.  Although 

Davidson (1973) and Schmidt (PAG, 1983b) projected these units into the Green Valley area, the 

basin fill is typically undivided in drill logs and other geologic descriptions of the Green Valley 

area.  An exception is the Pantano Formation which is sometimes identified in geologic logs and 

area descriptions in the Green Valley area (e.g., Errol L. Montgomery & Associates and Dames 

and Moore (ELMA & DM), 1994; ELMA, 2001).   

 

2.3.2.1 Fort Lowell Formation 

 

 The Fort Lowell Formation is composed of locally-derived sediment and is generally 

coarser grained than the underlying Tinaja beds.  The Fort Lowell Formation is coarser at the 

basin margins and finer toward the center of the basin.  The Fort Lowell Formation typically 
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contains 25 to 60 percent material that is coarser than sand; is loosely consolidated to weakly 

cemented and light brown, gray brown or reddish brown in color; and commonly contains 

clasts of volcanic rocks in the vicinity of the Sierrita Mountains (Davidson, 1973).  The Fort 

Lowell Formation is estimated to be 200 feet thick in the vicinity of the Twin Buttes Mine 

tailing impoundments and over 200 feet thick at the south end of the PDSTI (PAG, 1983b).   

 

2.3.2.2 Tinaja Beds 

 

The Tinaja beds are sandy gravels with interbedded conglomerate and sandstone near the 

margins of the basin, grading to gypsifeous clayey silt and mudstone in the center of the basin.  

Felsic to mafic volcanic interbeds are locally present.  Interpreted as sedimentary detritus filling 

the basin during subsidence (Davidson, 1973), the Tinaja beds lie unconformably over the 

Pantano Formation and are overlain unconformably by Fort Lowell Formation.  The lower 

stratigraphic portion of the Tinaja beds outcrop south of Tinaja Wash in the Sierrita Mountains 

approximately two miles southwest of the PDSTI.  There, the Tinaja beds consist of tuffaceous 

gravel underlain by felsic flows and tuffs with interbedded conglomerate and gravel.  Although 

shown separately, Davidson (1973) and Anderson (1987) consider the mid-Tertiary volcanics 

shown on the geologic map (Figure 5) to be part of the Tinaja beds.   

 

In the vicinity of the PDSTI, the Tinaja beds are composed largely of sand and gravel due 

to the close proximity to the basin margin.  Also, the clay and evaporate-rich sequence of the 

Tinaja is absent in this area.  Gravel and sand facies occur near the basin margins with 20 to 50 
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percent of material being coarser than sand in the gravel facies and 5 to 20 percent of material 

being coarser than sand in the sand facies.  Volcanic clasts compose 50 percent or more of the 

coarse material.   

 

 As interpreted by PAG (1983a), the Tinaja beds west of the Santa Cruz River have a 

maximum thickness of about 300 feet, whereas the thickness of the beds on the east side of the 

river is about 1200 feet due to faulting.  The Tinaja beds are interpreted to be about 125 feet 

thick east of the Twin Buttes Mine tailing impoundment and 200 feet thick at the southern end of 

the PDSTI (PAG, 1983b). 

 

2.3.2.3 Pantano Formation 

 

 The Oligocene Pantano Formation is a reddish brown, weakly to moderately consolidated 

sequence described as silty sandy conglomerate, silty and pebbly sandstones, and moderately 

well cemented gravel.  It is composed of granitic, sedimentary and volcanic clasts in an arkosic 

to clay-rich, sandy matrix and is weakly to strongly cemented by calcium carbonate.  The 

Pantano Formation averages about 50 percent sand and gravel, but ranges from a low of 

30 percent to a high of 70 percent sand and gravel (Davidson, 1973).  Interbedded volcanic flows 

are locally present in the sedimentary sequence.   

 

The Pantano Formation is correlative with the Helmet Fanglomerate, which outcrops 

northwest of the Twin Buttes Mine (Figure 5).  The Pantano Formation is believed to be very 
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thin or nonexistent in the vicinity of the Twin Buttes Mine and PDSTI based on drilling at the 

interceptor wellfield and elsewhere (Montgomery Watson, and Errol L. Montgomery and 

Associates, 1998, Barter & Kelly 1982, and ELMA 1986, 1989, 1991, 1995, and 2004a).  This 

interpretation was used to develop the geologic cross sections described in Appendix A.   

 

2.3.3 Bedrock Complex 
 

 In the PDSTI area, bedrock comprises upper Cretaceous Demetrie Volcanics, lower 

Cretaceous Angelica Arkose, and Paleozoic limestones.  At the Twin Buttes Mine, subsurface 

bedrock units include Paleozoic and Mesozoic sediments, early Tertiary intrusives, and 

Precambrian granite (Cooper, 1973, Barter and Kelly, 1982).  The bedrock units are generally 

low permeability, highly indurated materials.  An exception to this general condition is a portion 

of the Demetrie Volcanics underlying the southeast corner of the PDSTI where many of the 

wells in the south half of the interceptor wellfield intersect, and produce water from, the upper 

portion of the Demetrie Volcanics.  Appendix A discusses the Demetrie Volcanics and other 

bedrock units in greater detail.   

 

2.4 Groundwater Hydrology 

 

 The hydrology of the PDSTI area and Green Valley is discussed by Davidson (1973), 

PAG (1983a and 1983b), ELMA & DM (1994), and ELMA (2001).   
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2.4.1 Hydrostratigraphic Units 

 

 Groundwater occurs in three hydrostratigraphic units:  Recent alluvium, basin fill, and 

bedrock complex.   

 

2.4.1.1 Recent Alluvium 

 

 The Recent alluvium is typically unsaturated.  Alluvium along the Santa Cruz River 

receives recharge from ephemeral surface water flow.  Although there may be local perched 

zones associated with surface water recharge, zones of extensive saturation in the alluvium have 

not been reported.  Monitoring at wells in alluvium filling ephemeral stream channels west of the 

PDSTI indicates the alluvium is typically unsaturated, although saturated zones up to five feet 

thick are observed in some wells (ELMA, 2001).  The alluvium is not a significant source of 

water to area wells.   

 

2.4.1.2 Basin Fill  

 

 The principal aquifer in the area is hosted by the basin fill.  As used in this work plan, the 

basin fill is considered to be equivalent to the Fort Lowell Formation, Tinaja beds, and Pantano 

Formation as defined by Davidson (1973).  The basin fill is the primary source of water to large 

production wells in the area due to its large saturated thickness and relatively high permeability.  
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The saturated thickness of the basin fill in the vicinity of the PDSTI increases from zero at the 

basin margins, where the water table is in the underlying bedrock, to 600 to 1,000 feet in the 

more central part of the basin near Green Valley (see water levels posted on cross sections in 

Appendices A and D).  Greater saturated thicknesses probably occur east of Green Valley as the 

bedrock elevation continues to decline (ELMA & DM, 1994).   

 

 Davidson (1973) reports hydraulic conductivities in the general range of 20 to 93 feet per 

day (ft/day) for Fort Lowell Formation, 1.3 to 54 ft/day for the Tinaja beds, and 0.7 to 13 ft/day 

for Pantano Formation.  Most hydraulic conductivity estimates in the area of the PDSTI are 

based on wells with screened intervals extending over the entire basin fill thickness.  Thus, the 

estimates represent an average hydraulic conductivity over the thickness of the various basin fill 

units penetrated by the wells.   

 

2.4.1.3 Bedrock Complex 

 

 The bedrock complex is the informal name given to the highly indurated igneous and 

sedimentary rocks that underlie the basin fill.  The permeability of the bedrock complex is 

mainly fracture controlled and is generally low, with hydraulic conductivities typically less than 

0.1 ft/day.  The permeability of bedrock materials may be higher where weathered, highly 

fractured, or interbedded with more permeable strata.  For example, the Demetrie Volcanics in 

the southern part of the interceptor wellfield contain a thick section of permeable bedrock 

penetrated by many of the pumping wells (Figure A.4a in Appendix A).   
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2.4.2 Hydraulic Properties 

 

Numerous hydraulic tests have been conducted at wells and borings that penetrate 

bedrock and basin fill in the vicinity of the PDSTI and within the basin fill to the east and north 

of the PDSTI.  Tests include pumping and slug tests in wells and constant pressure packer tests 

in bedrock borings.  Table 1 summarizes the available hydraulic conductivity test results.  

Appendix B lists available hydraulic conductivity data.   

 

Based on the data in Table 1, hydraulic conductivity estimates for different bedrock materials 

range from approximately 0.000007 ft/day to 2.2 ft/day and have geometric means between 

0.0047 and 0.12 ft/day.  Hydraulic conductivity estimates of the basin fill range from 

approximately 6.3 ft/day to 100 ft/day in the vicinity of the interceptor wellfield at the 

downgradient edge of the PDSTI (Appendix B).  Between the PDSTI and the more central 

portions of the basin, hydraulic conductivity estimates range from approximately 4.8 ft/day to 

99 ft/day (Appendix B).  Estimates from deep production wells screened over large thicknesses 

of basin fill may be affected by their penetration of deeper, lower permeability materials such as 

moderately indurated portions of the Pantano Formation.  Spinner logging of some of the 

existing production wells and hydraulic testing of recently installed well nests indicate that the 

hydraulic conductivity of the basin fill sometimes varies substantially with depth.   

 

 Spinner logging conducted in the vicinity of the interceptor wellfield at IW-4, IW-5, 

IW-9, and IW-12 (ELMA, 2006) indicates the shallow portion of the basin fill aquifer is more 
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productive than the deeper portions, which include Demetrie Volcanics at IW-4, IW-5, and IW-9 

in the southern portion of the wellfield and Pantano Formation at IW-12 (Figures A.4a and A.4b 

in Appendix A).  Spinner logging of ESP-4 (ELMA, 2004b), located near the center of the basin, 

indicates a highly productive zone in the lower portion of the basin fill, approximately 300 to 

480 feet below the water table, that is more than twice as productive as either the 300-foot 

interval above or the 170-foot interval below.   

 

 Figure A.5 in Appendix A is a cross-section showing the distribution of hydraulic 

conductivities in recently installed well nests MH-13, MH-25, and MH-26 east of the interceptor 

wellfield (Appendix B).  Pumping test results at MH-13 indicate that the hydraulic conductivity 

of basin fill at shallow and intermediate depths ranges from 13.4 to 17.4 ft/d.  These hydraulic 

conductivities are nearly three orders of magnitude higher than the hydraulic conductivity of 

0.023 ft/d measured in the deeper basin fill at MH-13.  The deeper basin fill at MH-13 is 

interpreted to be Pantano Formation equivalent.  In contrast to the observations at MH-13, testing 

at the recently installed MH-25 and MH-26 well nests does not show a significant variation in 

basin fill hydraulic conductivity with depth (Appendix B).  Hydraulic conductivities for the 

shallow, intermediate, and deep screens in basin fill at MH-25 and MH-26 ranged from 41.4 to 

54 ft/d and 41.4 to 65.5 ft/d respectively.  The Angelica Arkose bedrock at MH-25 has a 

hydraulic conductivity of 0.067 ft/d, almost three orders of magnitude lower than the overlying 

basin fill.  Based on these data, there is an apparent increase in hydraulic conductivity from 

MH-13 in the south to MH-25 and MH-26 in the north.  Pumping test results at MH-13, MH-25, 
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and MH-26 also indicate the basin fill is anisotropic with estimates of the ratio of horizontal to 

vertical hydraulic conductivity ranging from 20 to 435.   

 

2.4.3 Potentiometric Relationships 

 

 Regionally, groundwater flow in the southern portion of the Tucson basin is generally to 

the north, roughly in the direction of flow in the ephemeral Santa Cruz River.  Sources of water 

to the basin include surface water recharge of ephemeral streamflow related to precipitation 

events, underflow from bedrock bounding the basin on the east and west, and recharge from 

surface impoundments and irrigation projects.  Figure 4 illustrates regional potentiometric 

relationships in the area using Arizona Department of Water Resources (ADWR) water level 

data for 1994.   

 

Data presented in ELMA (2001) indicate that the hydraulic gradient within the bedrock 

complex west of the PDSTI is typically eastward, roughly in the direction of the dip of the 

topographic surface.  The eastward flow in the bedrock complex indicates that it is a source of 

recharge to the basin fill.  ELMA (2001) indicates that the potentiometric surface passes 

continuously from the bedrock to the basin fill beneath the PDSTI.  The hydraulic gradient 

within the basin fill beneath the PDSTI is also primarily eastward, indicating easterly 

groundwater flow.   
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East of the PDSTI, the hydraulic gradient changes from primarily eastward, to 

northeastward, then to primarily northward near the center of the basin.  The northward gradient 

near the center of the basin is generally in the direction of flow of the ephemeral Santa Cruz 

River.  Consequently, the direction of groundwater flow also changes from eastward beneath the 

tailing impoundment to northward near the center of the basin.  These relationships are 

illustrated in Figure 6, which is a contour map showing recent water levels in the basin fill 

aquifer.   

 

Based on the data shown in Figure 6, hydraulic gradients immediately downgradient of 

the PDSTI range from approximately 0.0063 ft/ft to 0.0240 ft/ft in a northeasterly direction.  

Near the center of the basin (near Highway I-19), hydraulic gradients range from approximately 

0.0068 ft/ft to 0.0180 ft/ft in a northerly direction.  Hydraulic gradients in the vicinity of active 

production wells can be strongly affected by groundwater pumping.   

 

Vertical hydraulic gradients, which can result in a vertical component of groundwater 

flow, are known to exist within the basin fill aquifer based on water level measurements in well 

nests and on spinner logging of wells in the basin fill aquifer.  Vertical hydraulic gradients within 

the basin fill can be either upward, downward, or negligible depending on pumping conditions, 

recharge, and the presence of any low permeability semi-confined horizons that may exist.  Both 

upward and downward hydraulic gradients are indicated by vertical flow measurements at the 

interceptor wellfield.  For example, during spinner logging tests under non-pumping conditions, 

upward flow, indicating an upward hydraulic gradient, was measured in portions of IW-9 and 
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IW-12; whereas downward flow, indicating a downward hydraulic gradient, was measured in 

portions of IW-4 and IW-5 (ELMA, 2006).  There were also sections of IW-4, IW-5, IW-9, and 

IW-12 that had no detectable vertical flow indicated a negligible vertical hydraulic gradient.  

Measured vertical flows were low, typically less than 10 gpm, and ranged from approximately 

0.5 to 15 gpm.   

 

 Water levels in the basin vary with time based on the relative strength of recharge sources 

(such as precipitation and infiltration of surface water runoff) and sinks (such as groundwater 

pumping).  Figure 7 shows water elevation hydrographs of wells MH-11, MH-12, and MH-13 

from 1985 through early 2006.  Over that period, water levels rose through the late 1980s, 

declined in the early 1990s, rose again in 1993, and have apparently declined since then.  The 

increases in water levels at the beginning of the record, and after 1993, were most likely related 

to increased precipitation and recharge during 1983 and 1993.  The water levels in MH-11, 

MH-12, and MH-13 are now approximately 20 feet lower than they were in 1985.   

 

2.4.4 Groundwater Flow 

 

Apparent groundwater flow velocities were estimated using available hydraulic property 

estimates, an effective porosity of 0.25, and recent water level data (Figure 6). The pore velocity, 

which is equivalent to the rate of movement of a conservative solute, ranges from approximately 

171 ft/yr to 653 ft/yr at the eastern edge of the tailing impoundment, and from approximately 

197 ft/yr (between S-1 and GV-1) to 657 ft/yr (between ESP-4 and ESP-3) in the more central 
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portion of the basin.  The range of calculated pore velocities is due to the variation of the 

estimated hydraulic gradient and hydraulic conductivity between different locations.   

 

2.5 Water Quality  

 

This water quality review discusses sulfate concentrations in the vicinity of the PDSTI 

and reviews the chemistry of sulfate-bearing groundwater in the context of overall groundwater 

quality in the area.  This section begins by examining the spatial and temporal distribution of 

sulfate in groundwater, using both historical and recent data.  Next, the general water quality in 

the area is discussed, focusing on cation-anion composition.  Finally, the data are examined for 

metals that may be associated with sulfate-bearing groundwater.   

 

The water quality data presented by this review are primarily from the groundwater 

monitoring conducted by PDSI.  The data for wells in the vicinity of the PDSTI were compiled 

through April 2006 and evaluated to develop maps, graphs, and tables for this section.  Water 

quality data for the CW- and ESP-series wells were provided by CWC.  Pima County 

Wastewater also provided data for monitoring wells north of the sewage disposal ponds (SDP), 

GV-1 (SDP) and GV-2 (SDP), at the Green Valley Wastewater Treatment Facility.  Tables 2 

through 5 and Appendix C contain the basic water quality data used for this section.   When 

plotting results for duplicate samples, the highest concentration was used.   
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PDSI has water quality data for samples collected and analyzed from the late 1970s to the 

present.  To portray current conditions, the most recent (through April 2006) sampling results 

were used.  However, because some wells are not currently monitored, in some instances the data 

presented are several years old.  For this reason, concentrations depicted on maps are 

accompanied by their sampling date so that the reader is aware that the information may be 

dated.  Because water quality conditions can change over time, observations made using the 

older data are considered preliminary and require verification by additional sampling.  Water 

quality data presented for well nests MH-13, MH-25, and MH-26, and well MH-30 are 

considered preliminary because the results are for the initial samples collected from these wells.   

 

2.5.1 Sulfate Distribution   

 

 Groundwater containing elevated sulfate concentrations has been documented in the 

Green Valley area for many years.  Early studies (PAG, 1983a and 1983b) identified elevated 

sulfate concentrations associated with the Sierrita, Twin Buttes, and Mission-Pima mines.  

Groundwater monitoring activities conducted since that time provide additional information 

concerning the spatial and temporal distribution of sulfate in the area.   

 

The distribution of sulfate, based on the most recent samples from monitoring and 

production wells through April 2006 in the area east of the PDSTI, is shown in Figure 8.  Table 2 

lists the sulfate concentration data used for Figure 8.  Numbers posted next to the well 

identification include the sulfate concentration (in mg/L) and the month and year of sample 
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collection.  Sulfate isoconcentration contours (isocons), inferred on the basis of the posted data, 

are shown and provide an interpretation of the limits of the sulfate plume based on existing data.   

 

The majority of the data in Figure 8 is for samples collected from wells with large 

screened intervals.  Concentration data for wells with short screened intervals, such as the well 

nests at MH-13, MH-25, and MH-26, are also shown.  Data from short-screened interval wells 

are not necessarily comparable to data from wells with longer screen lengths because they have a 

dissimilar depth averaging of concentrations. Both data types are depicted in Figure 8 for 

completeness of areal coverage. The isocons in the vicinity of the nested wells were based on the 

highest measured concentration at the well nest.   

 

2.5.1.1 Spatial Distribution of Sulfate 

 

The spatial distribution of the sulfate plume is defined by groundwater samples collected 

from monitoring and production wells in the vicinity of the PDSTI and Green Valley.  The 

spatial distribution can be divided into three components: lateral, longitudinal, and vertical.  

These relative directions are based on the general direction of groundwater movement in the area 

(Section 2.4.3).  Longitudinal distribution is defined as being the north-northeasterly direction 

since it is the ultimate direction of groundwater movement from beneath the PDSTI.  Lateral 

distribution is defined in the west-northwest to east-southeast direction representing the “sides” 

of the plume.  Vertical distribution is based on data from co-located wells completed at different 

depths and depth-specific samples recovered from wells with long screen intervals.   
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2.5.1.2 Lateral Distribution 
 

Data from 2005 and 2006 indicate that the east-southeast edge of the plume is west of 

wells GV-1, GV-2, and CW-3 and that the east-northeast edge of the plume is west of wells 

ESP-2 and ESP-3 and in the vicinity of ESP-1 and ESP-4.  Data from 2004 for well CW-8 

indicate the plume boundary was east of this location at that time.   

 

The lateral extent of the plume to the west is defined by the IW- and MH-series wells in 

the interceptor wellfield.  West of the interceptor wellfield the basin fill thins and the water table 

transitions into the bedrock complex.  The extent of sulfate in basin fill west of MH-25 and 

MH-26 is not well defined due to the lack of monitoring wells north of the east edge of the 

PDSTI.   

 

2.5.1.3 Longitudinal Distribution 
 

The longitudinal distribution of sulfate to the south-southwest and north-northeast is 

shown in Figure 8.  The eastern limit of the plume at its southern extent is defined by IW-2.  

Sulfate concentrations of samples collected from IW-2 dropped below 250 mg/L in late 2004 and 

have remained so since then.   

 

The north-northeasterly extent of the plume is defined by wells CW-7 and the MH-26 

well nest.  CW-7 is the northern-most well with a sulfate concentration greater than 250 mg/L.  

The sulfate concentration in CW-7 was measured as 371 mg/L and 570 mg/L in samples reported 
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by CWC and PDSI, respectively, for December 13, 2004 (Tables 2 and 3).  Sulfate 

concentrations at the MH-26 well nest ranged from 20 mg/L to 1,570 mg/L in January 2006 

(Figure D.5 in Appendix D).  East of CW-7, the sulfate concentration in CW-9 was 60 mg/L in 

2004.  North of CW-7, the M- and ST-series wells had sulfate concentrations less than 100 mg/L 

when sampled in late 2003 (M wells) and early 2004 (ST wells).  The only data available on 

sulfate northwest of CW-7 and the MH-26 well nest are for the I-series wells installed east of the 

Twin Buttes Mine pit for dewatering purposes (Terra Matrix, 1998).  Sulfate concentrations 

ranged from 650 mg/L to 780 mg/L in samples collected from the I-series wells between 1999 

and 2002.  The lack of current information on water quality and water levels for the M- and 

I-series wells limits their use with respect to defining the northern extent of sulfate.   

 

2.5.1.4 Vertical Distribution 
 

The vertical distribution of sulfate in the basin fill is known from sampling at co-located 

well nests with screens completed at different elevations and depth-specific sampling from wells 

with long screened intervals.  However, most monitoring and production wells do not provide 

depth-specific data because they were constructed with long screen intervals, typically 

penetrating the full extent of the basin fill aquifer.  Because sampling from these wells is 

typically conducted from pump discharge that draws groundwater from the entire screened 

interval and mixes it in proportion to the proximity to the pump intake and hydraulic 

conductivity of the formation at any given depth, variations in concentration with depth are 

indistinguishable using this sampling protocol.   



 

Work Plan to Characterize and Mitigate Sulfate with Respect to Drinking Water Supplies in the Vicinity of the PDSTI 
G:\783000\REPORTS\PDSI_WorkPlan.doc 
August 11, 2006 

 30 

Well nests at MH-13, MH-25, and MH-26 were constructed as multiple wells at a single 

location or as wells containing separate screened intervals that can be isolated during sampling to 

allow collection of depth-specific information.  Depth-specific samplers have also been used 

during spinner logging to evaluate changes in sulfate concentration with depth in some 

production wells.   

 

Appendix D contains cross-sections through the plume showing sulfate concentrations to 

illustrate depth relationships for sulfate.  At well nests MH-13, MH-25, and MH-26 sulfate 

concentrations greater than 250 mg/L persist to significant depths in the basin fill, although 

concentrations exhibit some variation with depth.  At MH-13 the sulfate concentration decreases 

with depth, with sulfate concentrations of 1,750 mg/L, 970 mg/L, and 320 mg/L in samples 

collected from the upper (320-650 feet below land surface (bls)), middle (750-950 feet bls), and 

lower (1,050-1,350 feet bls) screened intervals in the basin fill, respectively (Figures D.3 and D.7 

in Appendix D).  At MH-25 and MH-26 sulfate concentrations in recent samples are less than 

10 mg/L and 20 mg/L, respectively, at the top (above 538 feet bls) of the basin fill aquifer.  

Sulfate concentrations in basin fill at MH-25 increase to 1,640 mg/L and 1,410 mg/L at 580 to 

680 feet bls in MH-25B and 731 to 901 feet bls in MH-25C, respectively.  MH-25D, which is 

screened in Angelica Arkose from 951 to 1,081 feet bls, had a sulfate concentration of 600 mg/L, 

or approximately 43 percent of the concentration in overlying basin fill.  In basin fill at MH-26, a 

sulfate concentration of 1,570 mg/L occurs at 620 to 730 feet bls in MH-26B (Figures D.3 and 

D.5 in Appendix D).  MH-26C, which has 90 feet of screen in Angelica Arkose and 30 feet of 



 

Work Plan to Characterize and Mitigate Sulfate with Respect to Drinking Water Supplies in the Vicinity of the PDSTI 
G:\783000\REPORTS\PDSI_WorkPlan.doc 
August 11, 2006 

 31 

screen in basin fill, had a sulfate concentration of 730 mg/L, or approximately 50 percent of the 

concentration in overlying basin fill   

 

Three of the interceptor wells (IW-4, IW-9, and IW-12) were subjected to depth-specific 

sampling (ELMA, 2006).  IW-12 is located in the northern half of the interceptor wellfield, 

whereas IW-4 and IW-9 are in the southern half.  Sulfate concentrations in IW-12 declined from 

1,060 mg/L at 510 feet bls to 900 mg/L at 557 feet bls.  IW-4 sulfate concentrations increased 

from 1,460 mg/L at 517 feet bls to 1,560 mg/L at 888 feet bls.  Sulfate concentrations in IW-9 

ranged from 1,360 to 1,460 mg/L between 445 to 800 feet bls.   

 

Depth-specific sampling was also conducted at ESP-4 (ELMA, 2004b).  Samples from 

the static water level at approximately 336 feet bls to a depth of at least 550 feet bls were below 

100 mg/L.  At a depth of 785 feet bls the sulfate concentration was approximately 150 mg/L.  

Sulfate concentrations increased to 230 to 240 mg/L at depths of 880 and 975 feet bls, 

respectively.  These findings suggest that the leading edge of the 250 mg/L concentrations on the 

east side of plume may be in deep, rather than near-surface groundwater zones.   

 

The sulfate concentration of groundwater in bedrock downgradient of the PDSTI is not 

well defined.  With the exception of MH-25D, no wells in the vicinity of the sulfate plume are 

screened exclusively in the bedrock and isolated from the basin fill aquifer.  Production wells 

typically do not penetrate the bedrock because of its depth and low permeability.  Those wells 

that are screened across or in very close proximity to the bedrock-basin fill contact may not 
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provide reliable data on sulfate concentrations in the bedrock due to possible leakage from the 

overlying basin fill during pumping.  Even if the bedrock contained elevated sulfate 

concentrations as suggested by sampling at MH-25D, the potential for significant mass loading 

from the bedrock to the basin fill can be expected to be low due to the low hydraulic conductivity 

of bedrock.  The potential for exposure to sulfate in bedrock groundwater is probably low 

because water supply wells are typically not completed in bedrock as its low permeability makes 

it a poor water supply.   

 

2.5.1.5 Temporal Distribution of Sulfate 
 

Figure 9, from PAG (1983b), shows the distribution of sulfate at the PDSTI in 1982.  

Well identifiers on Figure 9 have been added to aid review.  A comparison of the present 

distribution of sulfate (Figure 8) with the distribution in 1982 shows that the plume has advanced 

primarily north-northeastward.  Lateral spreading to the east is also suggested by the increased 

concentrations in wells ESP-1 and ESP-4.  The direction of plume migration is consistent with 

that indicated by water level contours shown on Figure 6.   

 

The apparent rate of northerly plume migration can be estimated by the change in 

position of the 250 mg/L isocons from 1982 to 2006.  The concentrations of sulfate at MH-1 and 

MH-12 straddle and define the location of the 250 mg/L isocon as being just north of MH-12 in 

May 1982 (Figure 9).  Presently, the 250 mg/L isocon is north of CW-7 (Figure 8).  The 

concentration of sulfate in CW-7 rose above 250 mg/L in January 1999 (Table 3).  The travel 
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time from May 1982 to January 1999 was approximately 6,090 days and the distance between 

the wells is approximately 9,900 feet, yielding an apparent velocity of approximately 590 feet 

per year.  At that rate of northerly movement, the 250 mg/L isocon may have moved 

approximately 4,400 feet to the north since January 1999.  This projection is only approximate, 

however, because the current migration rate may vary from the historical rate due to changes in 

aquifer conditions and groundwater pumping.  Plume movement to the east is slower than to the 

north because the direction of groundwater flow is northerly.   

 

The distribution of sulfate concentrations also changed over time.  In 1982, 

concentrations greater than 1,000 mg/L were localized in the central portion of the plume 

(Figure 9).  At present, concentrations exceeding 1,000 mg/L extend throughout most of the 

plume area, and concentrations exceeding 1,500 mg/L occur as far north as MH-26 (Figure 8).   

 

Hydrographs of sulfate concentrations from the northern half (Figure 10) and southern 

half (Figure 11) of the interceptor wellfield show that sulfate concentrations in most wells 

increased steadily between 1980 and 2004 (Table C.3, Appendix C).  However, sulfate 

concentrations, especially in the southern half, have been declining since early 2004, possibly in 

response to more aggressive pumping in the interceptor wellfield or changes in tailing seepage 

rates.  In contrast to most of the IW wells, IW-1 and IW-2, located along the southern margin of 

the PDSTI, experienced consistent declines in sulfate concentrations from 1980 to 1990, flat to 

increasing sulfate concentrations from 1990 to 1998, and flat to declining sulfate concentrations 

from 1998 to present.  The fastest declines in sulfate concentration at IW-1 and IW-2 have 
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occurred since early 2004, again suggesting a response to more aggressive pumping at the 

interceptor wellfield.   

 

2.5.2 Major Element Chemistry 

 

The composition of groundwater can be characterized in terms of its major cations and 

anions and their relative concentrations, as well as other general water quality parameters such as 

total dissolved solids (TDS), hardness, and pH.  Proximity to the PDSTI was used to evaluate 

major element concentration trends in water quality data.  Wells within the sulfate plume were 

differentiated into groups regarded as proximal, medial, or distal to the PSDTI.  Wells outside of 

the plume were identified as upgradient or downgradient from the sulfate plume (Figure 8).  This 

division allows evaluation of changes in water chemistry as groundwater flows away from the 

tailing impoundment (proximal to distal) and commingles with the groundwater flowing 

northward beneath Green Valley.  Selected wells were identified to characterize these regions.  

Wells selected for the groupings are:   

 

• Proximal Wells:  IW-1, IW-2, IW-3, IW-3a, IW-4, IW-5, IW-6a, IW-8, IW-9, IW-10, 
IW-11, IW-12, IW-13, IW-14, IW-15, IW-16, IW-17, IW-18, IW-19, IW-20, IW-21, 
IW-22, IW-23, and IW-24; 

 
• Medial Wells: MH-11, MH-12, and MH-13; 

 
• Distal Wells:  ESP-1, ESP-4, CW-7, and CW-8; 

 
• Upgradient Wells:  GV-1, GV-2, S-1, and S-2; and 

 
• Downgradient Wells:  ESP-2 and ESP-3. 
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Table 4 summarizes the most recent analytical results for cations, anions, TDS, hardness, 

and pH compiled and tabulated with respect to their relationship to the impoundment.  Data used 

to compile this table are presented as Table C.1 in Appendix C.   

 

The summary data in Table 4 indicate that sulfate, chloride, calcium, magnesium, TDS, 

and hardness show a strong correlation with proximity to the tailing impoundment.  In general, 

major element ion concentrations are greater in groundwater with elevated sulfate 

concentrations.  The maximum and mean concentrations of major element ions decline moving 

from proximal to distal wells, although the concentration differences between the proximal and 

medial wells is sometimes slight.  Chlorides, TDS, and hardness (a measure of the calcium and 

magnesium in water) are also correlated with sulfate and their levels are elevated in the sulfate 

plume.   

 

The pH of the well samples does not show a strong correlation to sulfate.  The average 

pH in the proximal wells is 7.24 and decreases to 7.12 in the medial wells and 7.13 in the distal 

wells.  This indicates that the sulfate-bearing groundwater has neutral pH.  The pHs of 

upgradient and downgradient wells are 7.46 and 7.75, respectively, perhaps reflecting the 

influence of recharge along the Santa Cruz River.   

 

Concentration data for recent samples from selected wells (Table C.1 in Appendix C) 

were converted to “milliequivalents” and used to construct trilinear diagrams that plot the 

combination of cations and anions in a single field (Figure 12).  The plotted points demonstrate 
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that waters from the various wells follow a distinctive trend.  Proximal and medial wells within 

the plume contain calcium-sulfate water, whereas the upgradient and downgradient wells outside 

of the impacted area contain calcium-bicarbonate water.  In general, distal wells have cation-

anion combinations that fall between the combinations at proximal and medial wells, and 

unimpacted wells.  An exception to the proximal wells is IW-2, a proximal well, which plots in 

the vicinity of upgradient and downgradient wells due to the effects of dilution by upgradient 

water from pumping in the interceptor wellfield, as noted in Section 2.5.1.5.   

 

As shown by Figure 12, most well water chemistries fall along a line between wells 

within and outside of the plume.  This suggests that a continuum of mixing exists between the 

two end-member waters.  This is logical considering that (1) the sulfate-impacted water mixes 

with unimpacted groundwater from upgradient areas, (2) the process water seeping from the 

tailing impoundment is derived from unimpacted groundwater from the upgradient Canoa 

wellfield along the Santa Cruz River south of Green Valley, and (3) impacted water from the 

interceptor wellfield is re-used in the mill.   

 

2.5.3 Metals  

 

Metals analyses for samples from wells in the interceptor wellfield (proximal wells) 

(Table C.2, Appendix C) were compiled and evaluated to characterize metals from the PDSTI.  

The data were compared with Arizona numeric Aquifer Water Quality Standards (AWQS) 
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(A.A.C. R18-11-405) to characterize the relative magnitude of metals concentrations.  The 

metals with AWQS include: 

 
Metal  AWQS (mg/L) 

 
 Antimony 0.006 
 Arsenic 0.05 
 Barium 2 
 Beryllium 0.004 
 Cadmium 0.005 
 Chromium 0.1 
 Lead 0.05 
 Mercury 0.002 
 Nickel 0.1 
 Selenium 0.05 
 Thallium 0.002 

 

The U.S. Environmental Protection Agency has established a maximum contaminant 

level (MCL) for arsenic in public drinking water supplies at 0.010 mg/L effective January 2006 

and enforceable in 2007.  Therefore, arsenic results will be compared with this standard although 

the applicable AWQS has not been established at this level.   

 

Table 5 summarizes metals data for the interceptor wells (IW-series) for the past ten 

years (1997 to April 2006).  The metals data were reported as dissolved metals because the 

samples were filtered in the field prior to preserving the sample for transport to the laboratory.  

Based on the data in Table 5, metals concentrations in groundwater samples from the interceptor 

wellfield rarely exceed AWQSs.  This indicates that the tailing impoundment is not a source of 

metals to the groundwater.   
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Chromium, lead, nickel, and thallium were detected in concentrations exceeding their 

respective AWQS in 1 percent or fewer of sample analyses.  The AWQS for lead (0.05 mg/L) 

was exceeded in one sample from IW-12 in 1997, but all subsequent samples were below the 

standard.  Nickel and chromium were detected in three samples, and thallium was detected in 

one sample at concentrations exceeding their respective AWQSs in December 2004, but these 

results are inconsistent with results from samples collected before and after this sample.  Because 

of the large number of samples (more than 230 samples), low exceedance frequency, and the 

lack of exceedences in subsequent samples, the few elevated detections of chromium, lead, 

nickel and thallium are not considered significant and could be the result of laboratory error.   

 

2.6 Preliminary Conceptual Model for the Groundwater Sulfate Plume  
 

 The conceptual model describes known and potential sources of sulfate and the 

movement of sulfate in groundwater at the PDSTI.  The conceptual model provides a framework 

for summarizing what is known about the origin and migration of the sulfate plume and 

identifying what additional information may be needed to fully characterize it.   

 

2.6.1 Sulfate Sources 
 

 Based on groundwater monitoring, a known source of sulfate is seepage from the PDSTI 

to the underling basin fill aquifer.  The seepage results from the gravity drainage of the pore 
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water through the PDSTI.  The pore water consists of original slurry water and water that 

infiltrates into the tailing from the reclaim pond on top of the impoundment.   

 

 Sulfate in the tailing water results from the dissolution of sulfate salts and the oxidation 

of sulfide minerals during the milling and flotation process that produces the tailing, and the use 

of sulfate-bearing water from the interceptor wellfield in the mill circuit.  The tailing slurry 

water, reclaim pond water, and interceptor wellfield water are chemically similar with respect to 

sulfate and other major element ion concentrations (ELMA, 1989).   

 

 The tailing impoundment represents a finite source of sulfate that will eventually cease 

following the end of mining and mineral processing, when tailing is no longer deposited and 

residual moisture drains from the tailing material.  The rate of residual seepage will further 

diminish as the surface of the impoundment is capped and revegetated to minimize infiltration 

from precipitation.   

 

 Groundwater in the bedrock upgradient of the tailing impoundment is a second source of 

sulfate to the basin fill beneath the impoundment.  Groundwater sulfate concentrations in 

bedrock upgradient of the tailing impoundment are generally in the range of 100 to 3,000 mg/L 

(ELMA, 2001).  However, the contribution of sulfate by bedrock recharge is likely minor 

compared to the tailing because the low permeability of bedrock (Section 2.4.2) would limit the 

sulfate mass flux from the upgradient area.   
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 Other potential sources of sulfate may occur outside the PDSTI.  As discussed above, 

PAG studies identified tailing impoundments at other mines as potential sources.  Based on 

historical sampling, groundwater in the vicinity of the Twin Buttes Mine, at the north end of the 

sulfate plume, may contain sulfate (Section 2.5.1).  Another potential source of sulfate is 

groundwater in the vicinity of the Santa Cruz River.  As documented by Laney (1972) and PAG 

(1983a), groundwater in the vicinity of the Santa Cruz River in this part of the Tucson basin can 

contain greater than 250 mg/L sulfate (Plate 5 in PAG 1983a).  The sulfate is attributed to 

groundwater derived from gypsiferous sediment east of the Santa Cruz fault, but irrigation return 

flow may also add TDS.   

 

2.6.2 Movement of Sulfate in Groundwater 
 

Sulfate-containing seepage from the tailing impoundment infiltrates into the basin fill, 

mixes with groundwater recharge from the upgradient bedrock and flows eastward.  Sulfate-

impacted groundwater is intercepted through groundwater pumping within the interceptor 

wellfield.  Impacted groundwater that is not intercepted at the wellfield or that has already 

flowed downgradient of the interceptor wellfield flows north-northeasterly as it enters the 

northerly flowing regional groundwater system in the basin fill aquifer.   

 

 Sulfate is transported at the same rate as the groundwater flow because it is a 

conservative ion.  The direction and velocity of groundwater flow and sulfate transport are 

determined by the hydraulic properties of the basin fill aquifer and the hydraulic gradients 



 

Work Plan to Characterize and Mitigate Sulfate with Respect to Drinking Water Supplies in the Vicinity of the PDSTI 
G:\783000\REPORTS\PDSI_WorkPlan.doc 
August 11, 2006 

 41 

prevailing along the flow path.  In addition to regional conditions, groundwater flow and sulfate 

transport are influenced by local sites of groundwater pumping and recharge.  For example, 

pumping at a well in the vicinity of the plume can induce hydraulic gradients that cause the 

plume to migrate toward the well.  Groundwater pumping in the Green Valley area has increased 

over time to meet increasing dema nd for drinking water, as illustrated by the 70% increase in 

annual groundwater pumping by CWC from 1986 (546.3 million gallons) to 2005 (929.8 million 

gallons).  The collective influence of pumping at drinking water supply wells located near the 

plume can influence sulfate migration and the location of the plume.   

 

 Within the plume, elevated sulfate occurs throughout the thickness of the saturated basin 

fill aquifer with the exception of the uppermost portions of the aquifer at MH-25, MH-26, and 

ESP-4 (Section 2.5.1.4).  Although existing information indicates some variations in the 

hydraulic conductivity of the basin fill aquifer with depth (e.g., low permeability Pantano 

Formation at depth in MH-13 and higher flows at depth in ESP-4), large-scale features that 

would cause preferential flow paths, such as laterally extensive aquitards or high permeability 

units within the basin fill, have not been identified.  The ACP (Section 3) will further evaluate 

the vertical variation of hydraulic properties in the basin fill.  Based on the results of hydraulic 

testing of bedrock at MH-25 within the plume and elsewhere in the vicinity of the PDSTI 

(Section 2.4.2), the bedrock is significantly less permeable than the overlying basin fill aquifer.  

For this reason, the bedrock aquifer is not considered to have significant groundwater flow or 

potential to transport sulfate relative to the basin fill aquifer.   
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3. AQUIFER CHARACTERIZATION PLAN 
 

3.1 Aquifer Characterization Plan (ACP) Objectives and Data Needs 
 

3.1.1 ACP Objectives 
 

 The objectives of the ACP are to address the MO requirements to characterize the sulfate 

plume and to collect data sufficient to complete the FS.  Based on Sections III.A and III.C of the 

MO, the ACP will:   

 

• complete a well inventory to identify drinking water wells within one mile downgradient 
and cross-gradient of the outer edge of the sulfate plume,  

 
• determine the vertical and horizontal extent of the sulfate plume, 

 
• evaluate the fate and transport of the outer edge of the sulfate plume, and  

 
• evaluate the effectiveness of the interceptor wellfield as a groundwater sulfate control 

system. 
 

3.1.2 Data Needs 

 

 Addressing the MO requires the following data: 
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• locations of drinking water wells within one mile downgradient and cross-gradient of the 
plume,  

 
• sulfate concentration data collected at different locations and depths,  

 
• water level measurements to document potentiometric conditions,  

 
• information on the structure and hydraulic properties of the aquifer, and  

 
• information on the operation of the interceptor wellfield, sulfate concentrations in the 

wellfield, and water levels in the vicinity of the wellfield. 
 

 A numerical model for groundwater flow and solute transport will be developed to 

evaluate the fate and transport of sulfate.  In addition to the data identified above, information 

quantifying existing and future sources and sinks of groundwater will be needed to construct the 

model.   

 

 Data needs for the FS include: water quality data pertinent to assessing potential 

treatment technologies, the current and future pumping rates for existing wells, expected future 

pumping rates for planned wells, and design specifications for existing and future water 

distribution and storage systems.  Water quality data for assessing treatability will be developed 

under the ACP, whereas the FS (Section 5) will consider information on water treatment, current 

and future water supply and storage infrastructure, and the costs and benefits of mitigation 

alternatives.   

 

 The ACP consists of the following five tasks that will collect the data needed to address 

the MO requirements.  
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• Task 1 – Well Inventory 
 

• Task 2 – Plume Characterization 
 

• Task 3 – Evaluation of PDSI’s Sulfate Control System 
 

• Task 4 – Sulfate Fate and Transport Evaluation 
 

• Task 5 – Preparation of the Aquifer Characterization Report 
 

Data needs and the ACP tasks that address them are briefly described below and 

summarized in Table 6.  Sections 3.2 through 3.6 describe the individual ACP tasks.  

 

• Well Inventory – The locations of drinking water supply wells will be identified by the 
well inventory for Task 1 (Section 3.2). 

 

• Horizontal Extent of Sulfate Plume  – As shown in Figures 3 and 8, the general 
horizontal extent of the plume is known to within approximately 3,000 to 5,000 feet 
based on available data.  The eastern extent of the plume is bounded by wells GV-1, 
GV-2, ESP-1, ESP-2, ESP-3, and ESP-4 with concentrations less than 250 mg/L.  
Additional data is needed along the southeast boundary of the plume where there are no 
wells or no recent data, such as at CW-3.  Few wells are available to define the northern 
boundary of the plume.  Sulfate exceeds 250 mg/L at the MH-26 well nest and CW-7, but 
was less than 250 mg/L in samples collected from CW-9 in 2004 and the M-series wells 
in 2003.  Recent data are not available for sulfate concentrations in the I-series wells east 
of the Twin Buttes pit.  Task 2 contains groundwater monitoring (Section 3.3.2) and the 
installation and sampling of additional wells (Section 3.3.4) to further delineate the 
horizontal extent of the plume.   

 

• Vertical Distributions of Sulfate – Ongoing monitoring of nested monitoring wells 
(MH-13, MH-25, and MH-26) by PDSI will provide information on the vertical 
distribution of sulfate.  Additional monitoring wells will be installed for Task 2 
(Section 3.3.4) either as co-located well nests or with multiple screens to characterize the 
three-dimensional aspects of the plume.  Depth-specific water quality sampling in 
existing wells at the east and north ends of the plume will be conducted for Task 2 
(Section 3.3.3) to investigate the vertical distribution of sulfate with depth.  
Depth-specific sampling will also be conducted at selected monitoring wells where well 
access is available.   
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• Water Level and Water Quality Information – Water level and water quality data will 
be updated in areas lacking current information and the spatial coverage of water level 
and water quality data will be expanded.  Routine groundwater monitoring by PDSI will 
be used to characterize water levels and water quality within the plume.  Additional 
groundwater monitoring will be conducted for Task 2 (Section 3.3.2) to provide water 
level and water quality information in areas not monitored by PDSI or in areas for which 
available data are several years old (e.g., wells at the Twin Buttes Mine and some 
drinking water supply wells).  Groundwater monitoring will collect contemporaneous 
water level and water quality data for a large geographic area outside of the plume.  
These data are needed to provide information on the regional groundwater flow system 
for calibration of the groundwater flow model for Task 4 (Section 3.5) and for 
characterizing background water quality conditions.   

 
• Aquifer Structure and Hydraulic Properties – Existing data on the aquifer structure 

and hydraulic properties will be compiled for Task 2.  Depth-specific flow testing in 
wells at the east and north ends of the plume will be conducted for Task 2 (Section 3.3.3) 
to identify any apparent variations in permeability with depth.  Aquifer testing to be 
conducted at monitoring wells installed for Task 2 (Section 3.3.4) will characterize the 
horizontal and vertical distribution of hydraulic properties.   

 
• Groundwater Control System Data – Information regarding water levels in the vicinity 

of the interceptor wellfield, interceptor wellfield pumping, and sulfate concentrations in 
extracted groundwater will be compiled and analyzed in Task 3 (Section 3.4) to evaluate 
flow to the wellfield and wellfield mass capture.   

 
• Quantification of Groundwater Sources and Sinks – Groundwater sources (recharge) 

and sinks (pumping) will be documented for use in the groundwater flow model for 
Task 4 (Section 3.5).  Recharge to the aquifer from the PDSTI, ephemeral flows in the 
Santa Cruz River, and other sources, such as semi-permanent ponds or the Pima County 
wastewater treatment facility, will be documented or estimated for the groundwater flow 
model.  Current and future expected groundwater pumping from water supply, irrigation, 
and industrial wells will be obtained from well owners or estimated using available 
information.   
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3.2 Task 1 - Well Inventory 
 

 A well inventory will be conducted to identify all wells within one mile of the sulfate 

plume.  Wells within one mile downgradient and cross-gradient of the outer edge of the plume 

will be categorized on the basis of water use to identify wells that may supply drinking water.   

 

 The well inventory will be based on the Arizona Department of Water Resources 

(ADWR) Well Registry Database which contains records for all registered wells in Arizona.  

Records in the well registry pertain to a variety of types of installations including water supply 

wells (private, domestic, and municipal), environmental monitoring wells, remediation pumping 

wells, piezometers, geotechnical borings, mineral exploration borings, and abandoned wells.  

Information potentially available for individual wells includes the well registry identification 

number, cadastral and Universal Transverse Mercator (UTM) coordinates, well use, water use, 

installation data, well construction information, pumping information, and well owner.   

 

 The ADWR Well Registry Database is provided in a Geographic Information 

System (GIS) format which allows the use of spatial queries to identify and extract well 

information based on the location of the well.  A spatial query will be constructed using a 

geo-referenced shape file defining the outer edge of the sulfate plume defined by the 250 mg/L 

contour (Figure 8).  The shape file will be used to query the database and identify all wells 

within one mile of the plume’s downgradient and cross-gradient edge.   
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 Well locations in the ADWR database are described by cadastral coordinates based on 

township, range, and section.  Most well locations are described to the “quarter, quarter, quarter 

section”; an area of 10 acres or 660 feet by 660 feet.  The database assigns UTM coordinates for 

the well to the midpoint of the area, although the well can be anywhere in the 10-acre area.  To 

ensure the well inventory is comprehensive and identifies all wells potentially within one mile 

downgradient and cross-gradient of the plume, a safety factor will be added to the one-mile 

search radius to account for the uncertainty in well location due to cadastral coordinates.  

Because of the safety factor, wells that are farther than one mile from the plume may be 

identified.  Wells will be removed from the set of wells identified using the safety factor only if 

they can be verified as being farther than one mile from the plume based on survey information 

or more detailed cadastral coordinates.   

 

 The well inventory records will be sorted by well use and water use to identify wells used 

to supply drinking water.  To augment the well inventory, public and semipublic water systems 

on file with ADEQ will be checked against the well inventory to identify water systems.  Also, 

the ADWR Water Providers database will be used to identify the service areas of municipal 

water providers in the area.   

 

 The well inventory is an important step in identifying potentially impacted wells.  The 

well inventory will begin shortly after the ACP is finalized and will be conducted initially using 

the 250 mg/L sulfate contour shown in Figures 8.  The well inventory may be revised if the 



 

Work Plan to Characterize and Mitigate Sulfate with Respect to Drinking Water Supplies in the Vicinity of the PDSTI 
G:\783000\REPORTS\PDSI_WorkPlan.doc 
August 11, 2006 

 49 

plume defined by the results of characterization work for Task 2 indicate a significantly different 

shape for the plume.   

 

3.3 Task 2 - Plume Characterization 

 

 Plume characterization for Task 2 consists of data compilation and evaluation activities 

as well as field investigations.  The data compilation and evaluation activities will ensure that the 

existing data used to characterize the plume are complete and verified.  The field investigations 

focus on characterizing water level and water quality conditions in the regional aquifer, 

determining the vertical and lateral distribution of sulfate in the plume, and estimating aquifer 

hydraulic properties.  The QAPP in Appendix E presents the data quality objectives (DQOs) for 

plume characterization.  In summary, the DQOs are to:   

 

• Define the extent of groundwater with sulfate in excess of 250 mg/L based on 
depth-specific groundwater samples collected from existing production wells and 
groundwater samples from new and existing monitoring wells.   

 
• Characterize the structure and permeability of the basin fill aquifer through geologic 

analysis of cuttings from drill holes, aquifer testing, and flow logging of production 
wells.   

 
• Characterize the groundwater flow system through water level measurements.   

 
• Collect water quality data needed to evaluate water treatment. 

 

The plume characterization includes the following subtasks:   
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• data compilation and evaluation, 

• groundwater monitoring to augment the existing water level and water quality data,  
 
• depth-specific groundwater sampling at existing wells to determine the vertical extent of 

sulfate and flow logging at existing production wells to evaluate relative well inflows as a 
function of depth, and   

 
• installation and testing of monitoring wells to define the eastern and northern extents of 

sulfate.   
 

3.3.1 Task 2.1 - Data Compilation and Evaluation 

 

 The data compilation and evaluation will focus on assembling and assessing information 

on (1) the hydraulic properties of the geologic materials, (2) the subsurface distribution of 

bedrock, and (3) the water quality of area wells.  A secondary objective will be to assemble and 

evaluate all available geologic logs for wells in the area.   

 

 The hydraulic properties of geologic materials are critical information for developing the 

conceptual and numerical models.  The hydraulic conductivity data reported in Table 1 are taken 

from a variety of reports.  As a quality assurance check, the test methods, data, and analysis 

methods for the tests will be evaluated to assess test reliability.  Additional sources of hydraulic 

data will also be researched.   

 

 The depth to bedrock provides important information on the effective thickness of the 

basin fill aquifer which is needed for construction of the groundwater flow model and estimation 

of groundwater flow.  ELMA & DM (1994) reported bedrock depth in the area of interest using 
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compilations of geologic data.  These data will be evaluated and compared to bedrock elevations 

from borings.  Information for any exploration borings in the area will be obtained from the 

PDSI mine department to further check the bedrock elevation data.  Additionally, geophysical 

data for the area will be reviewed for information on bedrock depth.   

 

 Limited water quality data are available for water supply and irrigation wells in the area, 

and although water quality sampling of these wells is proposed for Task 2.2 (Section 3.3.2), 

historical water quality data are lacking.  The owners of water supply and irrigation wells will be 

contacted to obtain any water quality information they are willing to share.  This data will then 

be compiled and evaluated to document existing conditions and to identify any water quality 

changes over time.  Well owners will also be asked for access to geologic logs for wells if that 

information is not available elsewhere.   

 

3.3.2 Task 2.2 - Groundwater Monitoring 

 

 PDSI routinely monitors groundwater in its monitoring and production wells.  The PDSI 

monitoring data are used to characterize the PDSTI area and the sulfate plume.  The data 

collected by PDSI’s ongoing monitoring will be used for this project.  Additionally, a water level 

and groundwater sampling program is proposed to augment the PDSI monitoring by collecting  

information on local and regional water levels outside the PDSTI and sulfate plume areas.  This 

information is fundamental to gain a better understanding of regional groundwater flow and its 

affect on plume migration.   
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 To obtain information for the area outside of the PDSTI and the plume, the monitoring 

program will attempt to access and sample or obtain current data on wells owned by other 

parties.  The Twin Buttes Mine, CWC, Green Valley Domestic Water Improvement District, 

Farmers Investment Company, and private individuals are examples of entities that will be 

approached for well access or sampling data.  Thus, the success of this task will depend on 

cooperation from well owners and local water companies.   

 

 The groundwater monitoring task includes collecting static water level measurements and 

obtaining a groundwater sample for analysis of sulfate and other constituents unless equivalent 

information is available from the well owner.  The collected information will be used to describe 

current water table conditions and background water quality; both of which are needed for 

modeling the sulfate plume.  Therefore, an objective of this task is to obtain large geographic 

coverage in the area around the PDSTI.   

 

The groundwater monitoring program will collect data twice; once in winter and once in 

summer to characterize the annual extremes in water elevation.  Access agreements will be 

obtained from cooperating property owners in order to measure water levels and to collect 

groundwater samples.  The ability to measure water levels will be limited by whether the well 

has an access port or sounding tube.   

 

Groundwater samples will be collected and submitted to an Arizona-certified laboratory 

for analysis.  The samples will be analyzed for calcium, magnesium, sodium, potassium, 
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chloride, sulfate, alkalinity, fluoride, nitrate, nitrite, and pH to characterize sulfate and the 

general water chemistry.  Water samples from select wells may also be analyzed for the 

following constituents needed to assess water treatment for the FS: aluminum, ammonia, barium, 

chemical oxygen demand, ferrous and total iron, manganese, phosphate, selenium, soluble and 

colloidal silica, strontium, sulfide, total organic carbon, silt density index, turbidity, and bacteria.  

Sampling and analysis will be conducted according to the methods described in the QAPP 

(Appendix E).  Specific conductance, pH, and temperature will be measured in the field during 

groundwater sample collection.  Groundwater samples will be collected as close to the wellhead 

as is feasible, upstream of any filtration, sand cyclones, chlorine or other chemical additions to 

the well water.  The results of analyses will be included in task reports and will also be provided 

to the well owner.   

 

3.3.3 Task 2.3 - Depth-Specific Groundwater Sampling at Existing Wells 

 

 Many of the wells in, or proximal to, the sulfate plume have screened intervals of 

600 feet or more.  It is only since 2005 that nested monitoring wells have been installed to collect 

depth-specific information (e.g., MH-13 A, B, C; MH-25 A, B, C/D; and MH-26 A, B, C).  

Depth-specific sampling and spinner logging has been used to determine the vertical variation of 

sulfate and inflow at several interceptor wellfield wells and at ESP-4 (ELMA, 2004b and 2006).  

The information collected by depth-specific sampling and inflow logging is useful for identifying 

water quality variations with depth, evaluating changes in relative permeability with depth, and 

assessing whether a well can be modified to minimize production from a sulfate-bearing horizon.   
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3.3.3.1 Depth-Specific Sampling of Pumping Wells 

 

 Depth specific groundwater sampling for sulfate will be conducted at pumping wells 

ESP-1, ESP-2, ESP-3, and ESP-4 to evaluate the northeastern extent of sulfate, at CW-7 to 

evaluate the northern extent of sulfate, and at CW-8 to test the eastern extent of sulfate.  Testing 

at CWC wells is contingent on their permission for access and testing.  Because ESP-1, ESP-2, 

ESP-3, and ESP-4 are pumping wells equipped with pumps and riser pipes, sampling will be 

conducted using a procedure that does not require removal of the pump string.  The sampling 

procedure, developed and licensed by BESST Inc. (BESST), uses small diameter equipment that 

can be inserted into wells through a small (less than 1-inch) hole drilled in the surface casing.  In 

conjunction with depth-specific sampling, dynamic inflow profiling will be conducted using 

BESST’s dye tracer injection system, which releases a small amount of dye at a specific depth 

and monitors its recovery in the discharge stream.  The dynamic inflow profiling will be used to 

characterize the relative permeability with depth in the screened interval of the wells tested.   

 

 The status of pumps and piping in CW-7 and CW-8 is uncertain.  If the wells are 

equipped with pumps, the BESST testing method can be used.  If the wells are not equipped with 

pumps, the BESST methods will be employed by installing a temporary pump in the well.   

 

 Because the BESST sampling technique has not been used before at the site, the method 

will be tested at ESP-4 and the results compared to the results of previous spinner logging to 

evaluate the comparability of results.  Groundwater sampling protocols are described in the 
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QAPP (Appendix E).  Groundwater samples collected by depth-specific methods will be 

analyzed for sulfate only (Appendix E).   

 

3.3.3.2 Depth-Specific Sampling of Monitoring Wells 

 

 Depth-specific groundwater samples will be collected at monitoring wells MH-11 and 

MH-12 to determine any sulfate zoning with depth in the medial part of the plume.  Wells 

MH-11 and MH-12 are monitored by PDSI.  Depending on the configuration of the wellhead, 

depth-specific samples will be collected by using either the BESST system described above, a 

discrete interval sampler, or a low flow submersible pump lowered to various depths in the 

screened interval.   

 

3.3.4 Task 2.4 - Offsite Well Installation and Testing 

 

 Additional monitoring wells are proposed at six locations off the PDSI property to further 

define the extent of the sulfate plume, to provide installations for ongoing monitoring, to 

characterize aquifer materials and hydraulic properties, and to determine bedrock depth.  Well 

installation will be focused in the northern and eastern portions of the plume because these areas 

have the greatest uncertainty in the distribution of sulfate and are of concern with respect to 

future plume migration.  The scope of this task will be dependent on information gained as the 

task progresses.  If during this task, newly installed offsite wells are determined to be within the 
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plume, a determination will be made as to whether additional wells need to be installed to meet 

the data quality objective of defining the extent of the plume.   

 

 Figure 13 shows the approximate locations of proposed monitoring wells.  Table 7 lists 

the proposed wells, their design objectives, and land ownership.  Land access for drilling and 

well installation is a major issue because the Green Valley area is extensively developed.  Offsite 

well locations are proposed on a combination of private and public lands.  Access agreements  

will have to be negotiated with private land owners prior to drilling.  Potential well locations on 

public property are either along the Pima County roadway right of way or in areas administered 

by the Arizona State Land Department (ASLD).  Land use applications will be submitted for 

work on public land.  Based on prior experience at MH-13, MH-25, and MH-26, obtaining 

access to ASLD land can take about 12 months.  The exact locations of the proposed wells are 

provisional subject to successful negotiation of site access.   

 

Well locations and design objectives are based on position in the plume, the level of 

information available in the area of the proposed well, and the potential long-term use of the 

monitoring well.  Some well sites on the east side of the plume are expected to be between the 

plume and existing drinking water supply wells, allowing them to be useful as sentinel wells and 

for plume definition.  Well designs in Table 7 are subject to modification based on the results of 

other plume characterization tasks that will provide information on the subsurface distribution of 

sulfate (e.g., depth-specific groundwater sampling and groundwater monitoring) and site-specific 

conditions observed during drilling (e.g., subsurface lithology and water quality).   
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 Co-located nested well installations are recommended at the leading edge of the plume to 

collect information on vertical zoning and to monitor future plume movement.  The primary 

objective of wells on the east side of plume is to determine the lateral extent of the plume.  For 

this reason, some wells on the east side of the plume incorporate multiple screens in a single well 

to allow initial and periodic, depth-specific sampling, and routine sampling over the entire 

screened interval.  Sampling these wells from the entire screened interval should be sufficient to 

monitor for changes in sulfate concentration transverse to the direction of plume movement.  

Some wells will be installed at the location of an existing well to provide additional vertical 

characterization.   

 

 Monitoring wells will be installed using air and mud rotary methods.  Reverse circulation 

air rotary drilling will be used to install a pilot hole to the bottom of the basin fill and to collect 

cuttings and water samples with depth.  Reconnaissance water samples will be collected from the 

air rotary return and analyzed in the field using an electrical conductivity meter and a portable 

spectrophotometer to characterize TDS and sulfate concentrations with depth during drilling.  

Water samples for laboratory analysis of sulfate may be collected to confirm field measurements 

if sufficient sample is available.  Well designs will be guided by the results of lithologic logging 

and water quality analyses.  Mud rotary drilling will be used to ream out the pilot hole and install 

any additional wells at the site.   

 

 Drilling, well installation, and development methods are described in the QAPP 

(Appendix E).  Each new well will be developed to remove sediment and drilling fluids.  After 
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development, short duration (12 to 24 hour) pumping tests will be conducted at each well.  At the 

conclusion of the pumping test, a water quality sample will be collected from each well for 

analysis of sulfate and other major element ions for characterizing general water chemistry.  All 

new wells will be surveyed by PDSI following completion of their surface casings.  Water level 

measurements and water quality samples will be collected from the new wells on a quarterly 

basis until a long-term monitoring plan is developed pursuant to the Mitigation Plan (Section 5).  

Water level measurement, water quality sampling, and pumping test methods are described in the 

QAPP (Appendix E).   

 

3.4 Task 3 - Evaluation of PDSI Groundwater Sulfate Control System 

 

 Task 3 analyzes the effectiveness of PDSI’s existing sulfate source control system in 

accordance with the requirement in Section III.C.4 of the MO.  Water level, water quality, and 

wellfield pumping data will be used to evaluate flow to the wellfield and wellfield mass capture.   

 

3.4.1 Review of Source Control Pumping at Interceptor Wellfield 

 

 The history of sulfate migration control by the interceptor wellfield will be reviewed 

including the geology of the wellfield area, the duration of operation, and annual groundwater 

pumping.  The current infrastructure of the system will be described with respect to basic flow 

routing, design capacities, and water use.   
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3.4.2 Evaluation of Interceptor Wellfield Effectiveness 

 

 The effectiveness of the existing groundwater pumping system will be evaluated based on 

its operational availability, its mass capture, and hydraulic gradients created by pumping.  

Operational, water level, pumping rate, and water quality data will be compiled and used to 

evaluate the effectiveness of the current system.  Parameters such as well and wellfield 

availability, and total and well-by-well pumping will be used to determine operational 

effectiveness.   Water level, pumping, and water quality data will be used to evaluate mass 

capture.   

 

3.4.2.1 Water Level Data 

 

 Water levels in the vicinity of the interceptor wellfield will be used to evaluate the 

saturated thickness of the aquifer.  As discussed in Appendix A, the depth to bedrock is greater 

in the southern half of the wellfield than the northern half.  For this reason, the saturated 

thickness of the aquifer pumped by the interceptor wells is greater in the south half of the 

wellfield than in the north half.  Other factors held constant, the yield of a pumping well is 

approximately proportional to its saturated thickness.  As water levels in the wellfield area 

decline due to drawdown caused by pumping and regional water table decline, well yields will 

also decline.  The relationships between water level, saturated thickness, and well yield will be 

evaluated to assess potential operational constraints on the interceptor wellfield.  Additionally, 
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water level data for monitoring wells in the wellfield will be used to examine hydraulic gradients 

and the local potentiometric surface in the vicinity of the wellfield.   

 

3.4.2.2 Groundwater Pumping 

 

 Pumping data will be compiled to document the productivity of individual wells and the 

wellfield as a whole.  The data will be reviewed to identify any significant differences in well 

yields across the wellfield.   

 

3.4.2.3 Wellfield Mass Capture 

 

 Mass capture of individual wells will be estimated as the product of their average 

pumping rate and average sulfate concentration.  The results will be summed to estimate the total 

wellfield mass capture.  Examination of sulfate concentrations in the interceptor wells (Figure 8) 

indicates that sulfate concentrations do not vary significantly from north to south.  Therefore, 

mass capture across the wellfield is primarily a function of well yield and duration of operation.   

 

3.4.2.4 Estimation of Flow to Wellfield 

 

 Groundwater flow to the wellfield will be used to estimate its effectiveness in capturing 

flow in the basin fill beneath the tailing impoundment.  The groundwater flow to the wellfield 
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will be estimated using hydraulic gradient, saturated thickness, and hydraulic conductivity data 

for the wellfield area.  The difference between the calculated flow to the wellfield and the total 

wellfield pumpage will provide a preliminary estimate of wellfield capture.   

 

3.4.3 Modeling of Wellfield Hydraulics 

 

 Analytical or finite difference numerical models may be used to evaluate the hydraulic 

capture and interference between pumping wells.  The objective of the modeling would be to 

optimize wellfield capture and evaluate the benefits and disadvantages of additional extraction 

wells.  Recommendations for optimizing source control pumping will be developed using the 

evaluation of wellfield effectiveness and numerical modeling of hydraulic capture.   

 

3.5 Task 4 - Sulfate Fate and Transport Evaluation 

 

The information collected to meet the data needs described in Section 3.1.2 will be used 

to refine the preliminary conceptual model in Section 2.6.  Numerical groundwater flow and 

transport models will then be developed based on the refined conceptual model to further 

evaluate the fate and transport of sulfate originating from the PDSTI and, as described below, 

other sources identified during execution of this work plan.  The modeling will include 

development and use of a regional-scale saturated flow and transport model that will encompass 

an area that extends in the east-west direction from at least the western edge of the tailing 
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impoundment eastward to the central portion of the basin, and in the north-south direction from 

several miles upgradient (south) of the tailing impoundment to approximately one mile 

downgradient (north) of the Twin Buttes Mine.  The actual area of the model may be adjusted as 

deemed necessary based on information gathered as part of the ACP.   

 

The modeling effort will make use of and build upon existing numerical models 

developed and used for the site (e.g., ELMA & DM, 1994).  Boundary conditions and other 

features of the existing models may be incorporated in whole or in part into the new regional 

model subject to verification of their adequacy.  Existing model inputs such as pumping rate files 

pertaining to operation of industrial wells and other production wells within the model domain 

will be updated and incorporated as needed.   

 

The goals of the modeling will be to: 

 
• Calibrate the regional model to reproduce with acceptable accuracy past measured 

hydraulic head and sulfate distributions within the model domain.   
 

• Examine the groundwater flow dynamics under existing conditions to understand how 
groundwater pumping at different locations in the basin influences the current 
distribution of sulfate.   

 
• Predict future hydraulic head and sulfate distributions under various possible mitigation 

scenarios, such as existing interceptor wellfield pumping only or additional groundwater 
pumping by the interceptor wellfield, or under long-term conditions such as increased 
water supply pumping.   
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3.5.1 Compile Information on Groundwater Pumping and Recharge 

 

Available pumping information for production wells within the model domain will be 

compiled and analyzed for input to the regional flow and transport model.  It is anticipated that 

this effort will entail updating existing files of pumping rate information used in previous site 

models.  Any recently installed production wells will be included, as will any existing wells that 

may be brought into a potentially expanded model domain.  Water supply plans for local water 

companies will be used to estimate future groundwater pumping.   

 

Areal recharge estimates resulting from infiltration by precipitation or as a result of 

streamflow will be developed for input to the model.  This process will also build, to the extent 

appropriate, on recharge data incorporated into existing site numerical models.   

 

The rate of seepage and sulfate concentration of the seepage over time at the PDSTI will 

be evaluated and used in the regional groundwater flow and transport model.  Seepage will be 

estimated from a variety of sources including site-specific information on the tailing 

impoundment water balance and groundwater conditions beneath the impoundment.   

 

Sources of elevated sulfate concentrations within the regional aquifer that are unrelated to 

PDSTI, such as naturally occurring sources or other mining properties, will be evaluated and 

incorporated as appropriate into the regional flow and transport model.   Naturally occurring 

sulfate sources, and other background sources, may have resulted in past detections of elevated 
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sulfate in some wells located near the Santa Cruz River (PAG, 1983a). Groundwater quality 

samples collected in 1981 and 1982 showed elevated sulfate in wells immediately downgradient 

of the PDSTI, low sulfate concentrations (<100 mg/L) between these wells and wells adjacent to 

the Santa Cruz River, and concentrations exceeding 100 mg/L in many of the wells along the 

Santa Cruz River.  Groundwater derived from gypsiferous sediment is the suspected origin of the 

elevated concentrations along the Santa Cruz River, although agricultural sources may also have 

contributed.   

 

3.5.2 Sulfate Transport Under Current and Future Conditions 

 

The regional-scale numerical model developed to evaluate the fate and transport of 

sulfate in the regional aquifer will be calibrated to past and present measured hydraulic heads 

and sulfate concentrations.  The calibrated model will be used to predict future conditions of 

hydraulic head and sulfate distribution in the regional aquifer.  Simulations of future conditions 

will include the effects of pumping from future wells and water supply development described 

by water system plans.   

 

The regional model will incorporate elements of existing site models such as boundary 

conditions, past pumping rate information, and recharge by precipitation and streamflow, as 

appropriate.  It will also expand upon previous modeling efforts by including multiple aquifer 

layers to enable three-dimensional simulations, and will use different hydrogeological properties, 

sources and sinks, and boundary conditions based on most current information.   
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At a minimum, it is anticipated that the model will be used to simulate future conditions 

assumi ng:   

 

• Continued operation of existing sulfate control measures (i.e., the interceptor wellfield).   
 

• Augmentation of existing sulfate control measures with additional sulfate control 
strategies.   

 

 The results of these simulations will be used to evaluate the potential future migration of 

sulfate and the effectiveness of different groundwater pumping schemes and/or the use of 

institutional controls and natural attenuation as potential mitigation actions.  The groundwater 

flow and transport simulations will be used to provide conceptual design bases for potential 

mitigation actions.   

 

3.6 Task 5 - Aquifer Characterization Report 

 

 Section III.C of the MO requires PDSI to submit an Aquifer Characterization Report to 

ADEQ.  Pursuant to the MO, the Aquifer Characterization Report will address: 

 

• Current sulfate plume delineation.   

• Sulfate fate and transport.   

• Identification of all registered private drinking water wells and public drinking water 
system wells.   

 
• Analysis of the effectiveness of PDSI’s current groundwater sulfate control system. 
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 The Aquifer Characterization Report will consist of reports prepared at the conclusion of 

each task.  This reporting process is recommended so that information on individual tasks can be 

made available to ADEQ expeditiously rather than waiting to assemble all the information into a 

single final report.   

 

 Figure 14 shows a schedule for the ACP tasks.  Work for some the ACP tasks is expected 

to take more than a year to complete.  The submittal of periodic task reports will provide the 

results of the investigation to ADEQ in a sequenced fashion allowing time for ADEQ to evaluate 

the results and provide comments as the investigation progresses.  The schedule is discussed 

further in Section 6.   

 

 The following task reports will be submitted to ADEQ as the Aquifer Characterization 

Report (Figure 14).   

 

• Well Inventory Report (Task 1) 

• Data Compilation and Evaluation Report (Task 2.1) 

• Groundwater Monitoring Data Report for First Sampling Event (Task 2.2) 

• Results of Depth-Specific Sampling of Existing Wells (Task 2.3) 

• Evaluation of PDSI Groundwater Sulfate Control System (Task3) 

• Groundwater Monitoring Data Report for Second Sampling Event (Task 2.2) 

• Results of Numerical Modeling of Sulfate Fate and Transport (Task 4) 

• Results of Offsite Well Installation and Testing (Task 2.4)   
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These task reports address the Aquifer Characterization Report requirements in Section 

III.C of the MO.  The latest information on the plume delineation will be provided in the reports 

for Tasks 2.2, 2.3, and 2.4, which will contain maps and cross sections showing the distribution 

of sulfate.   
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4. IDENTIFICATION OF POTENTIAL INTERIM ACTIONS 

 

An initial task of this work plan will be to identify potential interim actions that can be 

employed before the Mitigation Plan is completed if:  (1) the average sulfate concentration at the 

point of use in a drinking water supply exceeds 250 mg/L, or (2) if data demonstrate that the 

average sulfate concentration at the point of use in a drinking water supply will exceed 250 mg/L 

before the Mitigation Plan is completed.  This task will produce a technical memorandum that: 

(1) identifies how the “average” sulfate concentration will be determined, (2) discusses potential 

triggers for an interim action, (3) lists specific responses that could be implemented, and 

(4) describes site-specific factors to be considered when selecting an interim action.  As shown 

by Figure 14, the development of potential interim actions will begin immediately on approval of 

the work plan so that a planned response is available and can be implemented if needed.   

 

The possible measures to be considered for an interim action will include water 

treatment, water system operational changes to increase blending, well modifications, and 

alternative drinking water supplies.  The nature of an interim action will depend on site-specific 

circumstances and could range from small-scale activities, such as providing bottled water or 

installation of a household point-of-use water treatment system for affected residences, to 

large-scale actions, such as temporary wellhead treatment at the point-of-entry to a distribution 

system.  The potential interim actions will be identified to a level of detail sufficient for rapid 

development, if needed.  For example, wellhead treatment options, treatment system vendors, 
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treatment unit model numbers, and lead time requirements will be identified to prepare for rapid 

mobilization.   
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5. FEASIBILITY STUDY FOR SULFATE MITIGATION PLAN 

 

 Pursuant to Section III.D of the MO, PDSI will develop a Mitigation Plan for submittal to 

ADEQ.  The scope of the Mitigation Plan is to practically and cost effectively provide drinking 

water to owners or operators of a drinking water supply affected by sulfate in excess of 

250 mg/L due to the PDSTI.   

 

A FS will be conducted to identify and evaluate mitigation alternatives for the Mitigation 

Plan.  The purpose of the FS is to provide a structured approach for identifying and evaluating 

the various ways in which mitigation can be accomplished.   

 

 The main components of the FS will be:   

 
• Identification and Screening of Mitigation Technologies, 

 
• Development and Screening of Mitigation Alternatives,  

 
• Detailed Analysis of Mitigation Alternatives, and 

• Preparation of a Mitigation Plan.   
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5.1 Identification and Screening of Mitigation Actions and Technologies 

 

 The identification and screening of mitigation actions and technologies is a multi-step 

process identifying mitigation objectives, mitigation actions, mitigation technologies, and 

process options.  Mitigation actions are broad categories of possible actions consisting of one or 

more mitigation technologies and the process options used by the technologies.  A series of 

screening steps is applied, consisting of criteria such as implementability and effectiveness, to 

reduce the range of potentially applicable mitigation technologies and process options by 

eliminating inappropriate or unworkable options.  Information developed for the identification of 

interim actions (Section 4) will be incorporated into the screening as appropriate.  Mitigation 

actions, mitigation technologies, and process options retained by the screening will be assembled 

into mitigation alternatives for subsequent analysis.  Mitigation alternatives are plans that may 

consist of a single mitigation action or a combination of actions for meeting mitigation 

objectives.   

 

5.1.1 Mitigation Objectives  

 

 Mitigation objectives are qualitative and quantitative goals that meet the requirements of 

the MO.  The constituent of concern is sulfate, an inorganic substance contained in affected 

groundwater.  The MO sets a sulfate level of 250 mg/L for drinking water.  Based on the factors 

identified in the MO, the objective for mitigation is to provide drinking water meeting applicable 
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water quality standards to the owner of a drinking water supply containing sulfate in excess of 

250 mg/L due to the PDSTI.   

 

5.1.2 Mitigation Actions 

 

 Mitigation actions are generic approaches to mitigation that can be employed singly or in 

combination to accomplish the mitigation action objectives.  A mitigation action can consist of 

several different technologies and process options.  For example, water treatment is a mitigation 

action that can be used to remove sulfate from drinking water.  Water treatment can employ 

different technologies for removing sulfate such as reverse osmosis, electrodialysis, or 

nanofiltration.  Within each technology there may be several process options that can be used to 

implement the technology.   

 

 For the mitigation of non-hazardous substances such as sulfate, A.R.S. § 49-286 

identifies potential mitigation actions as follows:   

 

• Providing an alternative water supply, 

• Mixing or blending if economically practicable, 

• Economically and technically practicable treatment before ingesting the water, and 

• Other mutually agreeable mitigation measures. 
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 The FS will also consider mitigation measures that would control or mitigate sulfate 

through the application of groundwater/source controls that may include groundwater pumping.  

Additional mitigation actions to be considered include monitoring of groundwater and drinking 

water, institutional controls such as restrictions on well drilling, and natural attenuation.   

 

 Each mitigation action can employ various technologies depending on site-specific 

conditions.  Alternative water supply can be accomplished by various means including 

replacement wells, use of an unimpacted supply well, well modification, connection to an 

existing public water supply, or bottled water.  Mixing and blending refers to commingling 

waters with different sulfate concentrations to meet the numeric mitigation objective.  Water 

treatment would use a physical, chemical, or biological process to remove sulfate and other 

constituents from drinking water.  Depending on the situation, water treatment can be conducted 

before the point-of-entry to a distribution system using a centralized plant or wellhead treatment 

system or at the point-of-use with home-based treatment systems.   

 

5.2 Development and Screening of Mitigation Alternatives 
 

 Mitigation alternatives will be formulated using mitigation actions, mitigation 

technologies, and process options retained by the previous screening evaluation.  Mitigation 

alternatives can consist of either a single mitigation action or a combination of mitigation actions 

that address the mitigation objectives.   
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 For cases in which multiple mitigation technologies or process options are retained by the 

screening (e.g., reverse osmosis, electrodialysis, and nanofiltration), determination of the most 

applicable process option will be made based on criteria such as implementability, effectiveness, 

and cost.  PDSI has retained a specialist in water treatment as part of the FS team.  Treatability 

studies will be undertaken at bench and field scale if needed to test the effectiveness of 

potentially applicable treatment process options and to estimate operational costs.   

 

 Mitigation alternatives will be developed in consultation with, and considering the 

requirements of, local water providers and well owners.  Factors to be considered in developing 

alternatives include projected water needs, infrastructure constraints on water supplies, and water 

rights.  PDSI will retain a water systems engineering firm to evaluate the water needs and 

delivery infrastructure in the area of the sulfate plume and to provide guidance in the 

development of mitigation alternatives.   

 

 The groundwater fate and transport model (Section 3.5) will be used to develop and 

evaluate potential plume control response actions.  The migration and concentration of sulfate 

over time will be key factors in evaluating the effectiveness of plume control response actions.   

 

5.3 Detailed Analysis of Mitigation Alternatives 

 

 The detailed analysis of mitigation alternatives will evaluate each alternative with respect 

to its benefits and cost.  A.R.S. § 49-286.B indicates that the mitigation selection process shall 
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balance the short-term and long-term public benefits of mitigation with the cost of each 

alternative, and that only the least costly alternative may be required if more than one alternative 

satisfies the mitigation objectives.  The analysis of alternatives will include consideration of 

residuals.  The estimated quantity and type of residuals created by each alternative will be 

determined.  Means for managing these residuals will be evaluated and included in the feasibility 

determination and cost estimate.   

 

 The mitigation alternatives will then be compared with respect to their benefits and cost.  

Quantitative estimates of benefits and cost will be developed.  The cost analysis will consider 

direct and indirect capital and the long-term operating costs of each alternative. Costs will be 

compared based on their 30-year net present value or a similar long-term estimate.   

 

 A recommended mitigation alternative or combination of alternatives will be selected 

using the detailed analysis of alternatives.  The recommended mitigation alternative(s) will 

describe the work to be implemented for the Mitigation Plan.   

 

5.4 Mitigation Plan 
 

 The Mitigation Plan will report the results of the alternatives analysis for the FS and will 

identify the recommended mitigation alternative(s).  A schedule for implementation of the 

recommended alternative(s) will be included in the Mitigation Plan.  The plan will also contain a 

methodology for verification sampling and analysis of drinking water sources to determine 
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(1) when the average sulfate concentration of a drinking water source exceeds the numeric 

mitigation objective and (2) whether the sulfate is attributable to the PDSTI.  The Mitigation 

Plan will be submitted to ADEQ for review and approval pursuant to the MO.   
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6. SCHEDULE 

 

Figure 14 shows a general schedule for implementing the ACP, the identification of 

interim actions, and the FS for sulfate mitigation.  The start of the schedule is the approval of this 

work plan by ADEQ.  Reports identified on Figure 14 will be due on the last day of the month 

indicated.   

 

 The ACP will be implemented immediately on approval of the work plan and a number 

of tasks can be completed and reported within the first six months.  The schedule was developed 

to complete tasks related to exposure management (e.g., well inventory and identification of 

potential interim actions) as early as possible and to complete the FS in parallel with the ACP to 

identify potential mitigation actions as early as possible in the project.  However, several tasks 

will have a long lead time due to the necessity of negotiating access to private and public land to 

conduct work.  For example, the offsite well installation for Task 2.4 could take at least 

12 months to permit drill locations on ASLD administered land, although access to some private 

and public ground may require less lead time.  The lead time for Task 2.4 is the critical path item 

for the ACP.  The timing of Task 2.4 impacts the fate and transport modeling for Task 4 which 

cannot be finalized until the completion of the hydrogeologic characterization.   
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 The identification of potential interim actions will be implemented immediately 

following approval of the work plan.  The objective will be to complete this task within the first 

four months of the project.   

 

 The FS will be conducted in parallel with the ACP.  The identification and screening of 

mitigation technologies, identification and screening of mitigation alternatives, treatability 

studies, and certain aspects of the detailed analysis of mitigation alternatives will be 

implemented during the ACP.  Completion of the detailed analysis of alternatives requires 

completion of the sulfate fate and transport evaluation in order to evaluate alternatives using 

groundwater pumping and completion of treatability studies for evaluating treatment 

technologies.  The Mitigation Plan will be prepared following completion of the detailed analysis 

of mitigation alternatives.   
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TABLES 



TABLE 1
Summary of Hydraulic Conductivity Data

MINIMUM MAXIMUM GEOMETRIC 
MEAN

Basin Fill 51 0.01 118 15.05
Basin Fill and Demetrie Volcanics 7 9.4 15 11.90
Basin Fill and Granodiorite 4 0.011 0.020 0.013

Demetrie Volcanics 18 0.0000067 151 0.0047
Cretaceous Sedimentary Rock 1 0.067 0.067 0.067
Brecciated Volcanics 3 0.0019 0.087 0.0122
Intrusive Rocks (Granite, Granodiorite, Quartx Monzonite) 26 0.000067 2.18 0.0312
Meta-Rhyolite and Rhyolite 9 0.03 1.07 0.12

BEDROCK COMPLEX

AQUIFER MATERIAL NUMBER OF 
ESTIMATES

HYDRAULIC CONDUCTIVITY (ft/day)

BASIN FILL

H:\78300\Sulfate_issues\ksw\Reported Aquifer parameters july3.xls:  Table 1 8/14/2006



TABLE 2
Sulfate Concentrations in Most Recent (as of April 2006) Groundwater Samples

Well
Sulfate 

Concentration 
(mg/L)

Date Sampled Source

1225 1320 4/12/00 PDSI
1759 340 11/25/03 PDSI

AN-1 (CW-11) 90 12/2/03 PDSI
CW-3 63.6 1/3/05 Community Water Company
CW-5 120 11/5/02 Community Water Company
CW-6 53.7 11/1/04 Community Water Company
CW-7 570 12/13/04 PDSI
CW-8 470 12/13/04 PDSI
CW-9 60 12/13/04 PDSI
ESP-1 220 4/14/06 Community Water Company
ESP-2 35 4/14/06 Community Water Company
ESP-3 36 4/14/06 Community Water Company
ESP-4 210 1/11/05 PDSI
ESP-5 170 4/3/01 PDSI

GV-01 (SDP) 170 4/11/06 Pima County Wastewater Treatment
GV-02 (SDP) 155 4/11/06 Pima County Wastewater Treatment

GV-1 40 12/13/05 PDSI
GV-2 70 12/13/05 PDSI

I-7 650 10/5/99 PDSI
I-9 750 4/3/01 PDSI
I-10 660 9/17/02 PDSI
I-12 780 10/5/99 PDSI
I-13 LAST DATA 1989 LAST DATA 1989 PDSI
IW-1 500 1/30/06 PDSI
IW-2 100 1/30/06 PDSI

IW-3A 1570 1/30/06 PDSI
IW-4 1570 1/30/06 PDSI
IW-5 1720 3/23/06 PDSI

IW-6A 1800 4/24/06 PDSI
IW-7 LAST DATA 1983 LAST DATA 1983 PDSI
IW-8 1810 2/21/06 PDSI
IW-9 1710 1/30/06 PDSI
IW-10 1670 9/14/05 PDSI
IW-11 1700 1/30/06 PDSI
IW-12 1560 4/24/06 PDSI
IW-13 1800 4/24/06 PDSI
IW-14 1800 2/1/06 PDSI
IW-15 1930 9/14/05 PDSI
IW-16 LAST DATA 1998 LAST DATA 1998 PDSI
IW-17 1480 6/7/05 PDSI
IW-18 1600 4/26/06 PDSI
IW-19 1580 4/26/06 PDSI
IW-20 1600 4/26/06 PDSI
IW-21 1560 4/26/06 PDSI
IW-22 1680 1/30/06 PDSI
IW-23 1650 1/24/06 PDSI
IW-24 1670 1/30/06 PDSI
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TABLE 2
Sulfate Concentrations in Most Recent (as of April 2006) Groundwater Samples

Well
Sulfate 

Concentration 
(mg/L)

Date Sampled Source

M-1 10 11/25/03 PDSI
M-5 NO DATA NO DATA PDSI
M-6 NO DATA NO DATA PDSI
M-7 NO DATA NO DATA PDSI
M-8 30 11/1/00 PDSI
M-9 40 11/24/03 PDSI
M-10 40 11/24/03 PDSI
M-11 10 11/24/03 PDSI
M-12 50 9/18/02 PDSI
MH-1 1530 12/12/05 PDSI
MH-3 1660 12/6/04 PDSI
MH-4 2090 4/5/01 PDSI
MH-5 1900 12/12/05 PDSI
MH-6 1720 12/9/05 PDSI
MH-7 1810 12/8/05 PDSI
MH-9 420 12/6/05 PDSI
MH-10 1360 12/7/05 PDSI
MH-11 1570 1/24/06 PDSI
MH-12 1090 4/20/06 PDSI

MH-13A 1750 4/29/06 ELMA1

MH-13B 970 4/24/06 ELMA
MH-13C 320 4/13/06 ELMA
MH-14 1500 1/30/06 PDSI

MH-15W 1750 1/27/06 PDSI
MH-16W 1180 1/30/06 PDSI
MH-24 NO DATA NO DATA PDSI

MH-25A <10 1/27/06 ELMA
MH-25B 1670 12/17/05 ELMA
MH-25C 1410 2/16/06 ELMA
MH-25D 600 2/20/06 ELMA
MH-26A 20 1/27/06 ELMA
MH-26B 1570 1/4/06 ELMA
MH-26C 730 1/11/06 ELMA
MH-30 1970 3/3/06 ELMA
RT-1 180 9/17/02 PDSI
S-1 70 12/13/05 PDSI
S-2 80 12/13/05 PDSI

ST-5 80 3/19/04 PDSI
ST-6 50 3/19/04 PDSI
ST-7 40 3/19/04 PDSI

1 ELMA = Errol L. Montgomery & Associates, unpublished water quality data.
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TABLE 3
Sulfate Concentrations at CW-7

Date Sampled Sulfate, mg/L
1/14/1992 68
10/5/1995 120
1/27/1999 247
2/10/1999 327
3/18/1999 319
4/12/1999 321
5/17/1999 251
7/15/1999 321
10/26/1999 461
11/15/1999 271
1/11/2000 380
4/19/2000 296
8/14/2000 362
10/18/2000 403
1/30/2001 387
4/4/2001 374
8/14/2001 402
10/15/2001 428
2/6/2002 463
4/8/2002 436
7/10/2002 470
11/5/2002 438
2/4/2003 451
4/21/2003 451
8/4/2003 505
1/20/2004 470
5/20/2004 491
8/3/2004 511
11/1/2004 533
12/13/2004 371

Source:  Community Water 
Company.
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TABLE 4
Summary of Major Element Ion Concentrations for Selected Wells

Proximal Wells Medial Wells Distal Wells Upgradient Wells Downgradient Wells

Sample Number 23 3 4 4 2

Minimum 65.3 368 55.2 50.8 31.6

Maximum 623 505 196 69 32.8

Arithmetic Mean 470.9 454.3 113.9 59.2 32.2

Sample Number 23 3 4 4 2

Minimum 13.9 74.5 5.4 5.9 2.8

Maximum 121 108 21.5 9.5 3.1

Arithmetic Mean 93.7 93.5 11.4 8.1 3

Sample Number 23 3 3 4 2

Minimum 5.6 10.5 3 2.9 2.5

Maximum 14.4 14.9 6.1 3.5 2.6

Arithmetic Mean 9.1 12.7 5 3.2 2.6

Sample Number 23 3 4 4 2

Minimum 42 77.9 45.4 31.9 35.7

Maximum 221 110 121 50.8 36.2

Arithmetic Mean 147.7 98 70.4 41.5 36

Sample Number 23 3 4 4 2

Minimum 105 71 94 147 130

Maximum 183 99 109 176 137

Arithmetic Mean 136 85.7 102 166 133.5

Sample Number 23 3 4 4 2

Minimum 19 115 20 13 8

Maximum 174 148 53 20 8

Arithmetic Mean 123.2 126.7 38.3 16.3 8

Sample Number 23 3 4 4 2

Minimum 0.1 0.1 0.2 0.3 0.7

Maximum 0.3 0.2 1.4 0.5 1

Arithmetic Mean 0.2 0.2 0.8 0.4 0.9

Sample Number 23 3 4 4 2

Minimum 100 1100 120 40 30

Maximum 1930 1620 570 80 30

Arithmetic Mean 1514 1430 323 65 30

Sample Number 23 3 3 4 2

Minimum 390 1960 340 300 230

Maximum 3190 2740 1030 400 230

Arithmetic Mean 2625.2 2460 743 350 230

Sample Number 23 3 4 4 2

Minimum 220 1224 160 151 90

Maximum 1965 1666 577 209 95

Arithmetic Mean 1559.8 1518 331 181 93

Sample Number 23 3 4 4 2

Minimum 6.58 6.98 6.95 7.25 7.64

Maximum 7.87 7.20 7.51 7.62 7.85

Arithmetic Mean 7.30 7.10 7.17 7.50 7.70

Note: 
All Concentrations are in mg/L (except pH)
1 as CaC0 3
2  as nitrogen
3  filterable, dried at 180 o  C
4  as CaCO 3 , computed from dissolved ions 

   See Table C.1 (Appendix C) for data.

Dissolved Magnesium

Dissolved Potassium

Dissolved Sodium

Bicarbonate1

Field pH (standard units)

Dissolved Calcium

Total Dissolved Solids3

Hardness4

Chloride

Fluoride

Total Sulfate 

H:\78300\DATA\Water Quality\Tables_PDSIdbase_April06\Sierrita_WQ_DATA.xls:  Table4_Gen Chem 8/14/2006



TABLE 5
Summary of Dissolved Metal Concentrations for Interceptor Wells (IW-series) 

1997 through April 2006

Aluminum Antimony Arsenic Barium Beryllium Boron Cadmium Chromium Cobalt Copper

AWQS1 NS 0.006 0.01 2 0.004 NS 0.005 0.1 NS NS

Number of Samples 7 252 254 238 237 17 254 254 254 40

Number of Samples with Detections 1 32 207 238 4 17 37 25 4 6

Detection Frequency 14% 13% 81% 100% 2% 100% 15% 10% 2% 15%

Minimum Detected (mg/L) 0.15 0.0002 0.0006 0.024 0.0001 0.07 0.0001 0.01 0.01 0.01

Maximum Detected (mg/L) 0.15 0.0045 0.01 0.095 0.0004 0.30 0.002 1.55 0.03 0.02

Arithmetic Mean2 0.15 0.0014 0.0032 0.059 0.0010 0.15 0.0005 0.10 0.020 0.01

Number of AWQS Exceedances NA 0 0 0 0 NA 0 3 NA NA

Exceedance Frequency NA 0.0% 0.0% 0.0% 0.0% NA 0.0% 1.2% NA NA

Notes: 

1 Aquifer Water Quality Standard
2  Calculated for all samples with detected 
NS = No standard
NA = Not applicable 
See Table C.2 in Appendix C for data.

All concentrations are in milligrams per liter (mg/L)
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TABLE 5
Summary of Dissolved Metal Concentrations for Interceptor Wells (IW-series) 

1997 through April 2006

AWQS1

Number of Samples

Number of Samples with Detections

Detection Frequency

Minimum Detected (mg/L)

Maximum Detected (mg/L)

Arithmetic Mean2

Number of AWQS Exceedances

Exceedance Frequency

Notes: 

1 Aquifer Water Quality Standard
2  Calculated for all samples with detected 
NS = No standard
NA = Not applicable 
See Table C.2 in Appendix C for data.

All concentrations are in milligrams per liter (mg/

Iron Lead Manganese Mercury Molybdenum Nickel Selenium Thallium Zinc

NS 0.05 NS 0.002 NS 0.1 0.05 0.002 NS

232 253 231 231 255 237 255 237 40

197 195 52 10 186 20 131 58 27

85% 77% 23% 4% 73% 8% 51% 24% 68%

0.01 0.0001 0.005 0.0002 0.01 0.01 0.0006 0.00007 0.01

19.5 0.08 0.99 0.0005 0.22 0.95 0.005 0.0028 0.15

0.32 0.0029 0.062 0.0005 0.06 0.11 0.0022 0.00063 0.03

NA 1 NA 0 NA 3 0 1 NA

NA 0.4% NA 0.0% NA 1.3% 0.0% 0.4% NA
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TABLE 6
Summary of Data Needs and Proposed Work

DATA NEED PROPOSED AQUIFER CHARACTERIZATION PLAN (ACP)/FEASIBILITY STUDY (FS) WORK

Locations of drinking water wells downgradient and cross-
gradient of the plume

ACP - Task 1 - Well Inventory: use Arizona Department of Water Resources data to identify the location and water use for individual 
wells

Groundwater sulfate data to determine the eastern and 
northern extents of the plume 

ACP - Task 2 - Plume Characterization: install and sample proposed new monitoring wells east and north of the plume

Groundwater sulfate data to determine the vertical 
distribution of sulfate

ACP - Task 2 - Plume Characterization: install and sample proposed new monitoring wells allowing vertical sampling; conduct depth-
specific sampling at exiting wells

Local and regional water level measurements to 
characterize the regional flow system

ACP - Task 2 - Plume Characterization: ongoing monitoring by PDSI, measure regional and local water levels at existing wells, and 
measure water levels at proposed new monitoring wells

Local and regional water quality data to determine 
background water quality

ACP - Task 2 - Plume Characterization: ongoing monitoring by PDSI, sample groundwater at existing local and regional wells, and 
sample groundwater at proposed new monitoring wells

Aquifer structure and hydraulic properties 
ACP - Task 2 - Plume Characterization: compile and evaluate data on the depths and hydraulic properties of aquifer units, conduct 
pumping tests at proposed new wells; and Task 4 - Sulfate Fate and Transport Evaluation: aquifer data will be incorporated into 
groundwater flow model

Pumping, sulfate concentrations, and water levels at the 
interceptor wellfield 

ACP - Task 3 - Evaluation of PDSI's Groundwater Sulfate Control System: existing information on pumping, water quality, and water 
levels will be compiled and evaluated

Quantification of sources and sinks of groundwater for 
groundwater flow model

ACP - Task 4 - Sulfate Fate and Transport Evaluation: the flow rates and sulfate concentrations of historical and current sources and 
sinks of groundwater will be compiled or estimated for incorporation into the groundwater flow model

Water quality data for assessing treatability
ACP - Task 2 - Plume Characterization: identify and collect information on water quality parameters that may influence treatment 
effectiveness

Current and projected pumping rates for existing wells FS - ISMAT and DSMA (see FS Task list below): determine current and projected demands for water users in the Green Valley area

Expected future pumping rates for planned wells FS - ISMAT and DSMA: determine projected future demands for water users in the Green Valley area

Specifications for existing and planned water supply 
distribution and storage systems

FS - ISMAT and DSMA: obtain existing and projected future infrastructure specification from water users in the Green Valley area

ACP Task List
Task 1 - Well Inventory
Task 2 - Plume Characterization
          Task 2.1 - Data Compilation and Evaluation
          Task 2.2 - Groundwater Monitoring
          Task 2.3 - Depth-Specific Groundwater Sampling at Existing Wells
          Task 2.4 - Offsite Well Installation and Testing
Task 3 - Evaluation of PDSI Groundwater Sulfate Control System
Task 4 - Sulfate Fate and Transport Evaluation
Task 5 - Aquifer Characterization Report

FS Task List
Identification and Screening of Mitigation Actions and Technologies (ISMAT)
Development and Screening of Mitigation Alternatives (DSMA)
Detailed Analysis of Mitigation Alternatives (DAMA)

FEASIBILITY STUDY DATA NEEDS

AQUIFER CHARACTERIZATION DATA NEEDS
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TABLE 7
Proposed Offsite Well Locations

PROPOSED 
WELL SITE PURPOSE

ESTIMATED 
DEPTH TO 

BEDROCK (feet)
APPROACH TO WELL INSTALLATION LAND STATUS

1
Determine northern extent and vertical zoning of sulfate and 
hydraulic properties; long term water level and water quality 

monitoring 
1,200 - 1,500

Three (3) wells installed to shallow, 
intermediate, and deep levels

Private

2
Determine northwestern extent and vertical zoning of 

sulfate and hydraulic properties; long term water level and 
water quality monitoring

800 - 1,000
Two (2) wells installed to shallow and deep 

levels
Private or Public 

3
Determine eastern extent and vertical zoning of sulfate and 
hydraulic properties in area between CW-7 and CW-9; long 

term water level and water quality monitoring
1,500 - 2,000

Three (3) wells installed to shallow, 
intermediate, and deep levels

Private or Public 

4
Determine eastern extent and vertical zoning of sulfate and 
hydraulic properties in area between CW-8 and CW-6; long 

term water level and water quality monitoring
1,500 - 2,000

Three (3) wells installed to shallow, 
intermediate, and deep levels

Private or Public 

5
Determine eastern extent and vertical zoning of sulfate and 

hydraulic properties at CW-3 east of MH-13; long term 
water level and water quality monitoring

1,200 - 1,500
Single well with two screens installed to 

intermediate and deep levels to augment depth 
coverage at CW-3

Private

6
Determine southeastern extent and vertical zoning of 

sulfate and hydraulic properties east of GV-1 and GV-2; 
long term water level and water quality monitoring

1,200 - 1,500
Single well with two screens installed at shallow 

and intermediate levels
Private

Note:  See Figure 13 for approximate location of proposed wells.  Actual locations may vary depending on negotiation of land access.
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FIGURE 14
Schedule for Aquifer Characterization and Sulfate Mitigation Plans

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Task 1, Well Inventory

Task 2, Plume Characterization
Task 2.1 - Data Compilation and Evaluation
Task 2.2 - Groundwater Monitoring (Summer and Winter Events) TBD1 TBD1 TBD1

Task 2.3 - Depth-Specific Sampling in Existing Wells
Task 2.4 - Offsite Well Installation and Testing

Site Access Agreements and Permitting TBD1

Well Installation TBD1 TBD1

Water Sampling and Hydraulic Testing TBD1 TBD1

Task 3, Evaluation of PDSI Groundwater Sulfate Control System

Task 4, Sulfate Fate and Transport Evaluation

Task 5, Aquifer Characterization Reports 1 2 3 1 4 5 6 1 7 8

Identification of Interim Mitigation Actions 9

Identification and Screening of Mitigation Actions and Technologies

Development and Screening of Mitigation Alternatives

Treatability Studies

Detailed Analysis of Mitigation Alternatives

Feasibility Study Report with Recommended Mitigation Plan 10

Notes:
1 Start and end times to be determined based on ability and timing to access sampling and drill sites through agreements with private parties and public entities.

EXPLANATION OF REPORTS

1.  Well Inventory Report (Task 1)
2.  Data Compilation and Evaluation Report (Task 2.1)
3.  Groundwater Monitoring Data Report for First Sampling Event (Task 2.2)
4.  Results of Depth-Specific Sampling of Existing Wells (Task 2.3)
5.  Evaluation of PDSI Groundwater Sulfate Control System (Task 3)
6.  Groundwater Monitoring Data Report for Second Sampling Event (Task 2.2)
7.  Results of Numerical Modeling of Sulfate Fate and Transport (Task 4)
8.  Results of Offsite Well Installation and Testing (Task 2.5)
9.  Technical Memorandum on Interim Actions
10.  Mitigation Plan for Sulfate with Respect to Drinking Water Supplies in the Vicinity of Phelps Dodge Sierrita Tailing Impoundment

FEASIBILITY STUDY FOR SULFATE MITIGATION PLAN

MONTHS AFTER ADEQ APPROVAL OF WORK PLANTASK

AQUIFER CHARACTERIZATION PLAN

Work Plan Submittal To ADEQ Two Months After Effective Date of Consent Order

IDENTIFICATION OF POTENTIAL INTERIM ACTIONS

H:\78300\Sulfate_issues\Planning&Strategy\Schedule.xls:  24 Months
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1. GEOLOGY 

 

 This appendix reviews the geology in the vicinity of the Phelps Dodge Sierrita Tailing 

Impoundment (PDSTI).  This review includes the Twin Buttes Mine area north of the PDSTI 

because the basin fill aquifer is continuous between the two properties.  Geologic data 

summarized in this appendix have been drawn from a variety of sources including U.S. 

Geological Survey publications; reports on various geologic, water supply, and environmental 

investigations; and a review of geologic logs from area wells.   

 

1.1 Geologic Setting 

 

 The PDSTI is in the southern portion of the Tucson basin (Figure A.1).  The southern 

portion of the basin is bounded by the Sierrita Mountains on the west and the Santa Rita 

Mountains to the east, with the axis of the basin lying approximately along the Santa Cruz River.  

The mountains are composed of bedrock materials and the basin consists of unconsolidated to 

indurated clastic sediments, evaporites, and in places interbedded volcanics.   

  

 The geologic units in the PDSTI area can be divided into three generalized units: Recent 

alluvium, Quaternary and Tertiary basin fill deposits, and the bedrock complex.  Recent alluvium 

is not a significant aquifer because it is typically unsaturated.  Basin fill materials form the 

primary water supply aquifer in the area.  Bedrock is typically a low permeability material that is 

not a significant aquifer.   
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 Figure A.2 is a generalized geologic map of the area taken from Davidson (1973) who 

characterized the lithology and formations of the basin fill throughout the Tucson basin.  

Detailed geologic maps of the Sierrita Mountains and Santa Rita Mountains are provided by 

Cooper (1973) and Drewes (1971a, 1971b), respectively.  

 

 To illustrate the basin fill character and the bedrock structure, geologic logs for area wells 

were compiled and reviewed to produce a series of geologic cross sections depicting the 

distribution of subsurface materials.  The cross sections are included as Figures A.3 through A.9.   

 

1.2 Recent Alluvium 

 

 Recent alluvium consists of the unconsolidated sediment in stream channels of the Santa 

Cruz River and the various washes that feed into the Santa Cruz River from the surrounding 

uplands, alluvial fans, and sheet wash deposits (Anderson, 1987).  The stream channel sediments 

are up to 200 feet thick in the vicinity of the Santa Cruz River and include coarse grained 

sediments in the stream channel and clayey to sandy overbank deposits on the floodplain of the 

river (Pima Association of Governments (PAG), 1983a).  Recent alluvium is thin in washes 

tributary to but distant from the Santa Cruz River.  Geologic logs for monitoring wells completed 

in stream channel deposits six or more miles west of the Santa Cruz River, indicate the alluvium 

ranges from zero feet to several tens of feet thick (Errol L. Montgomery & Associates 

(ELMA), 2001).  Alluvial fan and sheet wash deposits form the upper surface of most 
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non-bedrock areas.  The thickness of recent alluvial fan and sheet wash deposits are not well 

described in geologic logs as they are typically undifferentiated from the underlying basin fill.   

 

1.3 Basin Fill Deposits  

 

 The Quaternary-Tertiary basin fill is composed of interbedded sequences of sand, gravel, 

silt and clay, and is the principal aquifer of the region.  Sand and gravel are the primary 

components of the basin fill and dominate the lower portion of the sequence near the PDSTI.  

Coarse, cobbly horizons and caliche-cemented zones are sometimes present over large areas.  

Volcanic flows and tuff interbeds occur in the mid-Tertiary portions of the basin fill.   

 

 Davidson (1973) differentiated basin fill deposits into three units: the Pleistocene Fort 

Lowell Formation, the Miocene to Pliocene Tinaja beds, and the Oligocene Pantano Formation.  

Although Davidson (1973) and Schmidt (PAG, 1983a) projected these units into the Green 

Valley area, the basin fill is typically undivided in drill logs and other geologic descriptions of 

the Green Valley area.  An exception is the Pantano Formation which is sometimes identified in 

geologic logs and area descriptions in Green Valley (e.g., Errol L. Montgomery & Associates 

and Dames and Moore, 1994; ELMA, 2001).   



 

Appendix A: Review of Geologic Data 
G:\783000\REPORTS\Final Appendix A.doc 
August 11, 2006 

 4 

 

1.3.1 Fort Lowell Formation 

 

 The Fort Lowell Formation is composed of locally-derived sediment and grades from 

silty gravel at the basin margins to silty sand and clayey silt in the center of the basin.  Fort 

Lowell Formation typically contains 25 to 60 percent material that is coarser than sand; is 

loosely consolidated to weakly cemented and light brown, gray brown, or reddish brown in 

color; and commonly contains clasts of volcanic rocks in the vicinity of the Sierrita Mountains 

(Davidson, 1973).  The Fort Lowell is estimated to be 200 feet thick in the vicinity of the Twin 

Buttes Mine tailing impoundment and over 200 feet thick at the south end of the PDSTI 

(PAG, 1983a).   

 

1.3.2 Tinaja Beds 
 

The Tinaja beds are mainly sandy gravels with interbedded conglomerate and sandstone 

near the margins of the basin, grading to gypsifeous clayey silt and mudstone in the center of the 

basin.  Felsic to mafic volcanic interbeds are locally present.  Interpreted as sedimentary detritus 

filling the basin during subsidence (Davidson, 1973), the Tinaja beds lie unconformably over the 

Pantano Formation and are overlain unconformably by Fort Lowell Formation.   

 

The Tinaja beds are divided into three non-conformable units: the upper Tinaja consisting 

primarily of gravel and sand near the basin margin and sand and clayey silt in the central 

portions of the basin; the middle unit represented by gypsiferous and anhydritic clayey silt and 
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mudstone; and the lower unit comprised largely of silty gravel and conglomerate with 

interbedded volcanics (Anderson, 1987).   

 

Lower Tinaja beds outcrop south of Tinaja Wash in the Sierrita Mountains approximately 

two miles southwest of the PDSTI. There, they consist of tuffaceous gravel underlain by felsic 

flows and tuffs with interbedded conglomerate and gravel.  Although shown separately on the 

geologic map (Figure A.2), the mid-Tertiary volcanics are considered to be part of the Tinaja 

beds by Davidson (1973) and Anderson (1987).   

 

In the vicinity of the PDSTI, the Tinaja beds are composed largely of sand and gravel due 

to the close proximity to the basin margin.  Also, the clay and evaporite-rich middle unit of the 

Tinaja beds is absent in this area. Sand and gravel facies occur near the basin margins with 

20 to 50 percent of material being coarser than sand in the gravel facies and 5 to 20 percent of 

material being coarser than sand in the sand facies.  Volcanic clasts compose 50 percent or more 

of coarse material. 

 

1.3.3 Pantano Formation 

 

 The Oligocene Pantano Formation is a reddish brown, weakly to moderately consolidated 

sequence described as ranging from silty sandy conglomerate, silty and pebbly sandstones, and 

moderately well cemented gravel.  It is composed of granitic, sedimentary and volcanic clasts in 

an arkosic to clay-rich, sandy matrix, and weakly to strongly cemented by calcium carbonate.  

The Pantano Formation averages about 50 percent sand and gravel, but ranges from a low of 
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30 percent to a high of 70 percent sand and gravel (Davidson, 1973).  Interbedded volcanic flows 

and tuffs are locally present within the sedimentary sequence.  The Pantano also contains 

mudstone, gypsiferous mudstone and local landslide debris, and mega-breccias 

(Anderson, 1987).  The Pantano Formation is correlative with the Helmet Fanglomerate, which 

outcrops northwest of the Twin Buttes Mine (Figure A.2).   

 

1.3.3.1 Interpretation of Pantano Formation Top and Thickness 
 

 There are different interpretations regarding the top and thickness of the Pantano 

Formation in the vicinity of the PDSTI.  The differences are probably due to difficulty in 

identifying the contact in boreholes, a gradational contact between the Pantano Formation and 

the overlying Tinaja beds, or a fundamental disagreement as to the attributes of the units as 

defined by different workers.   

 

 As interpreted by PAG (1983b), the Pantano Formation thickens from 200 feet thick at 

the Twin Buttes Mine tailing impoundment to 500 feet thick at the center of the basin.  At the 

PDSTI, PAG (1983b) interpreted the Pantano Formation to be 125 feet thick near the 

impoundment and up to 600 feet along the basin axis (PAG, 1983b).  Based on drilling in the 

vicinity of PDSTI and elsewhere, the Pantano Formation is believed to be very thin to 

nonexistent in the vicinity of the Twin Buttes Mine and PDSTI (Barter & Kelly 1982, 

ELMA, 1986, 1989, 1991, 1995b, and 2004).   
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 In geologic logs of IW and MH wells in the vicinity of the PDSTI interceptor wellfield 

(ELMA, 1986, 1989, 1991, 1995b, and 2004), the Pantano Formation is shown as a relatively 

thin and discontinuous veneer overlying bedrock ranging from zero to 125 feet thick with the 

thicker intercepts often lying in what may be topographic lows in the bedrock (Figure A.4b).  

The Pantano Formation is identified only in wells in the northern portion of the IW wellfield 

drilled in late 1994 through early 1995.  Based on summary lithologic logs of wells in the 

southern portion of the wellfield, the Pantano Formation is either absent or undifferentiated from 

younger basin fill.  Geologic logs for monitoring wells at the interceptor wellfield do not identify 

the Pantano Formation with the exception of MH-14, which shows a 30 feet thick veneer 

overlying bedrock.  The geologic logs also do not distinguish contacts between the younger basin 

fill formations, the Tinaja beds and Fort Lowell Formation.   

 

 In contrast to the interpretation described above, cross sections developed by Schmidt 

(PAG, 1983b) depict the Pantano Formation as being consistently present in the vicinity of the 

PDSTI.  PAG (1983b) identifies Pantano Formation as the lower 100 to 200 feet of basin fill 

overlying bedrock along the entire eastern margin of the tailing impoundment, with a minimum 

thickness for the Pantano Formation of slightly less than 100 feet at the north end of the 

IW wellfield, thickening to 200 feet at the south end of the wellfield, and thickening eastward to 

approximately 500 feet thick at MH-13 which lies approximately 4,700 feet east of the tailing 

impoundment.   

 

 PAG (1983b) suggests the Pantano Formation at the PDSTI area may be equivalent to the 

caliche conglomerate that overlies bedrock in the vicinity of Twin Buttes Mine.  Hargis and 
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Montgomery (PAG, 1983b, Appendix C.2, Figure 2) present a cross section through wells east of 

Twin Buttes Mine showing the Pantano Formation as approximately 900 feet thick in the basin 

four miles east of the Twin Buttes Mine tailing impoundment and thinning to the west, towards 

the basin margin, such that the Pantano Formation might be absent or of limited thickness under 

the impoundment.  Barter and Kelly (1982) report that the Pantano Formation at Twin Buttes 

Mine is restricted to paleo-channels cut into bedrock and that the caliche conglomerate is mostly 

developed in the Tinaja beds rather than in the Pantano Formation. 

 

 Davidson (1973) presents  a cross section north of the Twin Buttes Mine in the vicinity of 

the Pima Mine.  Davidson (1973) assigns the Pantano Formation to the lower 400 feet of basin 

fill in a well four miles east of the Pima Mine, and depicts the unit as thinning to the west and 

becoming absent near the margins of the basin. 

 

 Anderson (1987) does not address the depth of the top of the Pantano Formation in the 

vicinity of the PDSTI.  However, Anderson presents cross sections showing wells close to the 

Santa Cruz River bottoming in Lower Tinaja rather than in Pantano Formation.   

 

 Pantano Formation, logged as the correlative Helmet Fanglomerate, was identified at the 

bottoms of PDSTI wells ESP-1, ESP-3, and ESP-4.  These wells were not drilled to bedrock; 

therefore no estimate of formation thickness can be made at those locations. 

 

 In summary, the interpretation by Schmidt (PAG, 1983b) of relatively thick Pantano 

Formation at the PDSTI is inconsistent with the interpretations of ELMA (1986, 1989, 1991, 



 

Appendix A: Review of Geologic Data 
G:\783000\REPORTS\Final Appendix A.doc 
August 11, 2006 

 9 

1995b, and 2004).  The interpretation that the Pantano Formation thins or is absent close to the 

margins of the basin and may be restricted to paleo-channels as indicated by Davidson (1973), 

Hargis and Montgomery (PAG, 1983b), and Barter and Kelly (1982) is consistent with extensive 

drilling data for the PDSTI area.  This interpretation was used to develop the cross sections in 

this appendix.   

 

1.3.4 Characteristics of Basin Fill in the PDSTI Area   
 

 Geologic logs for wells in the PDSTI area generally have good descriptions of the basin 

fill material, although contacts between basin fill formations are generally not identified except 

for the Pantano Formation in some geologic logs.  According to geologic logs of wells in the 

vicinity of the PDSTI, sand and gravel dominate the lower half of the basin fill immediately 

overlying bedrock, and are the major components of the overall basin fill sequence there.  In 

general, the occurrence of clay horizons interbedded with sands is more frequent in the upper 

portions of the basin fill than in the lower portions.  Clay beds are thinner and scarcer within a 

few hundred feet above bedrock compared to intervals closer to the surface.  Cobbly horizons, 

when present, usually occur within sand and gravel horizons, most frequently at stratigraphically 

lower positions in the basin fill than the clayey horizons.  The cobbly horizons may represent 

paleo-channels in the sedimentary sequence.  Rock layers logged in wells IW-8 and IW-9 may be 

volcanic interbeds in either the Tinaja beds.   

 

 The cross section incorporating the interceptor wellfield located along the eastern margin 

of the PDSTI (Figures A.3, A.4a, and A.4b) shows that the basin fill thickens as bedrock deepens 
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from north to south towards at the southeast corner of the PDSTI.  Depth to bedrock is less than 

500 feet at IW-20 at the north end of the wellfield, and increases to greater than 1,000 feet in IW-

2 at the south end.  Wells along the southern margin of the tailing impoundment show a general 

thickening of basin fill from west to east.  Together these two features indicate thickening of 

basin fill and deepening of bedrock under the southeast corner of the tailing impoundment.   

 

A north-south cross section from MH-13 to MH-26 (Figure A.5) shows the basin fill is 

thicker at the south end of the section due to an apparent fault that downdrops the bedrock 

complex between MH-11 and MH-13.  East-west cross sections show that the basin fill thickens 

from west to east as the elevation of the top of the bedrock complex decreases (Figures A.7, A.8, 

and A.9). 

 

1.3.5 Characteristics of Basin Fill Deposits at the Twin Buttes Mine Area 
 

 Basin fill stratigraphic units have not been distinguished in geologic logs for the Twin 

Buttes Mine area wells.  The basin fill is composed largely of multi-lithic gravel and sand, with 

fine to coarse sand being the most abundant, and lesser amounts of silt and clay.  Basin fill 

deposits thicken from west to east, ranging from zero thickness at the western exposure of 

bedrock, to about 1,300 feet thick near the Santa Cruz River.  The basin fill is 10 to 130 feet 

thick west of the Twin Buttes pit and approximately 700 to 900 feet thick in the I-wells east of 

the pit.  The most common materials are fine to coarse sand, with gravelly and silty sand layers.  

Coarser sediments are reportedly more abundant close to the tailing impoundment margin with 

finer sediment comprising an increasing percentage eastward (ELMA, 1995a).   
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 Most of the basin fill in the Twin Buttes Mine area is probably Tinaja beds and Fort 

Lowell Formation (ELMA, 1995a; Barter and Kelly, 1982).  The Pantano is described in Barter 

and Kelly (1982) as being primarily confined to paleo-channel filling in bedrock at the Twin 

Buttes Mine.  The Helmet Fanglomerate mapped by Cooper (1973), which outcrops north of the 

Twin Buttes property (Figure A.2) is considered the stratigraphic equivalent of the Pantano 

Formation. 

 

 Barter and Kelly (1982) describe a caliche conglomerate within what is probably the 

Tinaja beds at the Twin Buttes Mine pit.  The caliche conglomerate is up to 100 feet thick, and 

lies either directly on bedrock or on older Pantano Formation.  The caliche conglomerate occurs 

at the base of an approximately 700-foot thick sedimentary sequence of Tinaja beds and Fort 

Lowell Formation.  The caliche conglomerate is reported to be up to thirty feet thick in the 

vicinity of the Twin Buttes oxide plant (ELMA, 1997).  Few logs are available for wells along 

the eastern margin of the Twin Buttes tailing impoundment, so the distribution of the caliche 

conglomerate is uncertain, but up to 100 feet of caliche conglomerate is reported to have been 

intercepted in exploration boreholes east of the tailing margin (PAG 1983b, Appendix C.2).   

 

1.4 Bedrock Complex 
 

 In the vicinity of the PDSTI, bedrock comprises upper Cretaceous Demetrie Volcanics, 

lower Cretaceous Angelica Arkose, and Paleozoic limestones.  At the Twin Buttes Mine, 



 

Appendix A: Review of Geologic Data 
G:\783000\REPORTS\Final Appendix A.doc 
August 11, 2006 

 12 

subsurface bedrock units include Paleozoic and Mesozoic sediments, early Tertiary intrusives, 

and Precambrian granite (Cooper, 1973, Barter and Kelly, 1982). 

 

1.4.1 Early Tertiary Intrusives 
 

 Early Tertiary intrusives include the Ruby Star granodiorite and related dikes, and quartz 

monzonite.  These rocks are associated with the intrusive igneous complex genetically associated 

with copper mineralization in the district.  The Ruby Star granodiorite batholith outcrops 

extensively to the west of the Twin Buttes Mine and comprises bedrock underlying basin fill in 

monitoring wells west of the Twin Buttes pit (Montgomery Watson and Errol L. Montgomery & 

Associates, 1998). 

 

 Quartz monzonite dikes cut the Demetrie Volcanics in outcrop west of the PDSTI.  

Quartz monzonite and granodiorite intervals observed in drill cuttings from the Demetrie 

Volcanics in the interceptor wellfield may be dikes of the Tertiary intrusives intruding the 

volcanics.   

 

1.4.2 Upper Cretaceous Demetrie Volcanics 
 

 The upper Cretaceous Demetrie Volcanics in the PDSTI area are largely andesite and 

dacite breccias either overlying a basal conglomerate or lying directly on older rocks.  The 

Demetrie Volcanics lie unconformably on the lower Cretaceous Angelica Arkose and the 

Triassic Ox Frame Volcanics.  Two rhyolite tuffs are interbedded within the andesite-dacite 
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breccias, providing distinct stratigraphic markers.  The basal conglomerate, where present, 

ranges from tens to hundreds of feet thick and is composed of detritus from the underlying rocks.  

The basal conglomerate thins out laterally, and becoming absent in some areas (Cooper, 1971).   

 

 Andesite and dacite breccias comprise the bulk of the Demetrie Volcanics.  The breccias 

are well indurated, consisting of angular to sub-rounded, granule to boulder size fragments in a 

clastic andesitic matrix.  Feldspar and relict mafic phenocrysts in an aphanitic matrix 

characterize the clasts of the breccia.  

 

 The Demetrie Volcanics outcrop immediately west of the PDSTI, with its type section 

exposed along the northwest trending Demetrie Wash.  The surface expression of the volcanics is 

roughly lensoidal in shape elongate in the east-west direction.  Bedding, where recognizable, tilts 

moderately to the south.   The maximum thickness of the Demetrie Volcanics is thought to be 

8,000 feet, but it could be less due to unrecognized folds or repetitions in the sequence 

(Cooper, 1971).   

 

The Demetrie Volcanics form bedrock under the southeast corner of the PDSTI.  Logs 

from wells intercepting the Demetrie Volcanics indicate they are primarily andesitic to dacitic in 

composition, with interbedded rhyolite tuff.  The Demetrie Volcanics at the interceptor wellfield 

seem to be anomalously soft there because indurated bedrock was not reached until passing 

through the upper few hundred feet of Demetrie Volcanics (Figure A.4).  Therefore, top of the 

bedrock formation, i.e., the Demetrie Volcanics, in this part of the wellfield does not always 



 

Appendix A: Review of Geologic Data 
G:\783000\REPORTS\Final Appendix A.doc 
August 11, 2006 

 14 

correlate with the top of indurated material, as it does elsewhere where the bedrock is comprised 

of well-indurated Angelica Arkose or Paleozoic limestone.   

 

The apparent softness of the Demetrie Volcanics under the PDSTI seems to be atypical 

compared to descriptions of the unit elsewhere in the vicinity.  The anomalous softness may be 

related to fracturing due to faulting, sedimentary interbeds, and/or hydrothermal argillic 

alteration resulting in degradation of the volcanics.  The softness of the Demetrie Volcanics in 

the PDSTI area is important because many wells in the south part of the interceptor wellfield are 

screened within and produce water from the upper portion of the Demetrie Volcanics.   

 

 Intervals of granodiorite and quartz monzonite were logged within the Demetrie 

Volcanics in wells IW-4 and IW-24 (Figure A.4a).  These are interpreted as dikes of Tertiary 

intrusive rock cutting the volcanics, based on the occurrence of granodiorite and quartz 

monzonite dikes in outcrops of Demetrie Volcanics west of the PDSTI.  Well logs also show 

occasional sandstone, Arkose, and siltstone layers interbedded within the volcanic sequence.  In 

addition to clay alteration, hydrothermal propyllitic alteration represented by calcite, epidote, 

chlorite and pyrite as disseminations and veinlets is commonly reported. 

 

1.4.3 Lower Cretaceous Angelica Arkose  
 

 The lower Cretaceous Angelica Arkose is an arkose with interbedded quartzite, 

conglomerate, siltstone and occasional thin limestones.  It is approximately 5,000 feet thick, 

underlying the Demetrie Volcanics with angular unconformity (Cooper, 1971).  The Angelica 
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Arkose outcrops west and north of the PDSTI, in the Twin Buttes pit, and in the Helmet Peak 

area north of the Twin Buttes Mine (Cooper, 1973).  The Angelica Arkose has three members: a 

basal conglomerate, a middle arkose and siltstone member, and an upper arkosic grit and 

conglomerate member (Cooper, 1971).   

 

The basal conglomerate is characterized by poorly sorted pebbles and cobbles in a 

sandstone matrix.  Clasts are comprised primarily of silicic and intermediate volcanics, with 

some quartzite, graywacke, chert, limestone, felsic porphyry, aplite, and vein quartz, derived 

from older Mesozoic and Paleozoic rock units.   

 

The middle member is comprised of about 2,000 feet of arkosic sandstone and siltstone in 

well-defined less than two feet thick beds.  The sandstone is fine to coarse grained and well 

sorted.  Color varies among olive to medium grey, to locally pale red to grayish red in color.  The 

matrix is variable ranging from argillaceous, siliceous to calcareous and in places hydrothermally 

altered to epidote, sericite and chlorite (Cooper, 1971).   

 

The upper member consists of a 1,600-foot thickness of light grey to light brown arkosic 

grit and pebble conglomerate with interbeds of siltstone, feldspathic sandstone, and greywacke. 

Matrix material is variably calcareous, argillaceous, or quartz.  Occasional thin grey limestone 

beds are also reported in the upper member (Cooper, 1971).   

 

 Angelica Arkose comprises bedrock under most of the eastern part of the PDSTI, with 

the exception of the southeast corner where bedrock is Demetrie Volcanics.  The Angelica 
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Arkose also forms bedrock in monitoring wells MH-13, MH-25 and MH-26 (Figure A.5) 

approximately 4,700 feet east of the interceptor wellfield.  The top of the Angelica Arkose 

bedrock dips to the east towards the Santa Cruz River (Figures A.8 and A.9).  Geologic logs for 

wells in the PDSTI area describe the arkose as being fine to coarse grained to conglomeritic with 

some clay layers, weakly to moderately reactive to acid, and red, pink, tan, brown or gray in 

color.  The Angelica Arkose sometimes contains epidote-pyrite alteration in the PDSTI area and 

is a partial host to mineralization at the Twin Buttes Mine.   

 

1.4.4 Paleozoic Rocks 
 

 Paleozoic carbonate bedrock has been intercepted in monitoring wells MH-11 and 

MH-12 directly below basin-fill east of the interceptor wellfield (Figure A.5).  Data is 

insufficient to determine which formation the carbonates might belong to.  Paleozoic 

sedimentary rock units in the area include Cambrian Bolsa quartzite and Abrigo formations, 

Devonian Martin Formation, Mississipian Escabrosa limestone and Pennsylvanian Horquilla 

limestone.   

 

1.4.5 Precambrian Granite 
 

Precambrian granite outcrops north of the PDSTI (Davidson, 1973) and at the Twin 

Buttes Mine (Barter and Kelly, 1982).   
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TABLE B.1
Summary of Reported Hydraulic Conductivity Estimates

Well or 
Boring Test Date Type of 

Test
Aquifer 
Material

Hydraulic 
Conductivity 

(ft/day)
References

AN-1 (CW-11) 01/01/68 Pumping Basin Fill 8.2 ELMA1 and Dames & Moore, 1994
AN-2 No Date Pumping Basin Fill 4.8 ELMA and Dames & Moore, 1994
AN-4 No Date Pumping Basin Fill 7.2 ELMA and Dames & Moore, 1994
CW-7 07/06/82 Pumping Basin Fill 99 ELMA and Dames & Moore, 1994
ESP-5 02/26/70 Pumping Basin Fill 20 ELMA and Dames & Moore, 1994

I-6 Jan-76 Pumping Basin Fill 57.5 ELMA and Dames & Moore, 1994
I-7 06/04/76 Pumping Basin Fill 60 ELMA and Dames & Moore, 1994

IW-2 04/30/86 Pumping Basin Fill 16 ELMA,1986
IW-6 10/21/93 Pumping Basin Fill 67 ELMA, 1994

IW-6A 01/30/95 Pumping Basin Fill 13 ELMA, 1995
IW-10 05/07/86 Pumping Basin Fill 12 ELMA, 1986
IW-11 05/09/86 Pumping Basin Fill 24 ELMA, 1986
IW-12 02/03/95 Pumping Basin Fill 11 ELMA, 1995
IW-13 02/09/95 Pumping Basin Fill 11 ELMA, 1995
IW-14 02/13/95 Pumping Basin Fill 9.4 ELMA, 1995
IW-15 02/17/95 Pumping Basin Fill 6.3 ELMA, 1995
IW-17 02/27/95 Pumping Basin Fill 22 ELMA, 1995
IW-18 03/03/95 Pumping Basin Fill 17 ELMA, 1995
IW-19 03/09/95 Pumping Basin Fill 21 ELMA, 1995
IW-20 03/13/95 Pumping Basin Fill 21 ELMA, 1995
IW-21 03/17/95 Pumping Basin Fill 12 ELMA, 1995
IW-23 02/13/04 Pumping Basin Fill 49 ELMA, 2004b
M-5 07/25/81 Pumping Basin Fill 1.7 ELMA and Dames & Moore, 1994
M-6 07/22/81 Pumping Basin Fill 6.7 ELMA and Dames & Moore, 1994
M-7 07/15/81 Pumping Basin Fill 18.7 ELMA and Dames & Moore, 1994

M-10 04/09/82 Pumping Basin Fill 16 ELMA and Dames & Moore, 1994
M-11 07/20/82 Pumping Basin Fill 21 ELMA and Dames & Moore, 1994

MH-13A 04/28/06 Pumping Basin Fill 17.4 ELMA, 2006a
MH-13B 04/24/06 Pumping Basin Fill 13.4 ELMA, 2006a
MH-13C 04/12/06 Pumping Basin Fill 0.023 ELMA, 2006a
MH-14 08/28/90 Pumping Basin Fill 43 ELMA, 1991

MH-15W 08/22/90 Pumping Basin Fill 56 ELMA, 1991
MH-16W 08/25/90 Pumping Basin Fill 100 ELMA, 1991
MH-25 12/30/03 Pumping Basin Fill 6.3 ELMA, 2004a

MH-25A 01/09/06 Pumping Basin Fill 53.5 ELMA, 2006a
MH-25B 12/17/05 Pumping Basin Fill 41.4 ELMA, 2006a
MH-25C 2/16/2006 Pumping Basin Fill 50.8 ELMA, 2006a
MH-26 12/31/03 Pumping Basin Fill 118 ELMA, 2004a

MH-26A 01/02/06 Pumping Basin Fill 41.4 ELMA, 2006a
MH-26B 01/04/06 Pumping Basin Fill 64.2 ELMA, 2006a
MH-26C 1/11/2006 Pumping Basin Fill 65.5 ELMA, 2006a
MH-30 3/3/2006 Pumping Basin Fill 38.8 ELMA, 2006b
RT-1 01/31/81 Pumping Basin Fill 18.7 ELMA and Dames & Moore, 1994

MH-18 06/19/97 Pumping Basin Fill 0.01 ELMA, 2001
MH-19 07/15/97 Pumping Basin Fill 1.71 ELMA, 2001
PZ-1 06/18/97 Pumping Basin Fill 0.1 ELMA, 2001

GV golf course 02/27/66 Pumping Basin Fill 59.6 Schmidt, 2005
FICO E-4 03/08/66 Pumping Basin Fill 33.4 Schmidt, 2005
FICO W-7 03/14/66 Pumping Basin Fill 93.7 Schmidt, 2005
FICO E-6 03/15/66 Pumping Basin Fill 19 Schmidt, 2005

Duval Mine #7 09/11/67 Pumping Basin Fill 35 Schmidt, 2005

15.05
118
0.01

BASIN FILL

Basin Fill

Geometric Mean for Basin Fill
Maximum
Minimum
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TABLE B.1
Summary of Reported Hydraulic Conductivity Estimates

Well or 
Boring Test Date Type of 

Test
Aquifer 
Material

Hydraulic 
Conductivity 

(ft/day)
References

IW-3A 03/04/04 Pumping
Basin Fill and Demetrie 

Volcanics 13.4 ELMA, 2004b

IW-4 04/29/86 Pumping
Basin Fill and Demetrie 

Volcanics 13.3 ELMA, 1986

IW-5 05/01/86 Pumping
Basin Fill and Demetrie 

Volcanics 9.4 ELMA, 1986

IW-8 05/06/86 Pumping
Basin Fill and Demetrie 

Volcanics 9.4 ELMA, 1986

IW-16 02/23/95 Pumping
Basin Fill and Demetrie 

Volcanics 13 ELMA, 1995

IW-22 01/14/04 Pumping
Basin Fill and Demetrie 

Volcanics 15 ELMA, 2004b

IW-24 01/24/04 Pumping
Basin Fill and Demetrie 

Volcanics 11 ELMA, 2004b

11.9
15.0
9.4

Basin Fill and Granodiorite
M-16 no date Slug Basin Fill and Granodiorite 0.011 MW2 & ELMA, 1998
M-16 no date Slug Basin Fill and Granodiorite 0.011 MW & ELMA, 1998
M-18 no date Slug Basin Fill and Granodiorite 0.020 MW & ELMA, 1998
M-18 no date Slug Basin Fill and Granodiorite 0.011 MW & ELMA, 1998

0.013
0.020
0.011

MH-20 12/16/97 Slug Demetrie Volcanics 0.000013 ELMA, 2001
MH-20 12/16/97 Slug Demetrie Volcanics 0.000007 ELMA, 2001
MH-22 06/24/97 Pumping Demetrie Volcanics 151 ELMA, 2001
MH-23 06/24/97 Slug Demetrie Volcanics 0.0023 ELMA, 2001
MH-23 06/24/97 Slug Demetrie Volcanics 0.0011 ELMA, 2001
PZ-2 06/18/97 Slug Demetrie Volcanics 0.0017 ELMA, 2001
PZ-2 06/18/97 Slug Demetrie Volcanics 0.0012 ELMA, 2001
PZ-13 08/01/97 Slug Demetrie Volcanics 0.0027 ELMA, 2001
PZ-13 08/01/97 Slug Demetrie Volcanics 0.0027 ELMA, 2001
PZ-14 08/01/97 Pumping Demetrie Volcanics 0.081 ELMA, 2001
PZ-15 12/16/97 Slug Demetrie Volcanics 0.0008 ELMA, 2001
PZ-15 12/16/97 Slug Demetrie Volcanics 0.00008 ELMA, 2001
PZ-16 06/18/00 Slug Demetrie Volcanics 0.002 ELMA, 2001
PZ-16 06/18/00 Slug Demetrie Volcanics 0.002 ELMA, 2001
BW-1 08/16/90 Slug Demetrie Volcanics 0.04 ELMA, 1991
BW-1 08/16/90 Slug Demetrie Volcanics 0.08 ELMA, 1991
BW-2 08/17/90 Slug Demetrie Volcanics 0.16 ELMA, 1991
BW-2 08/17/90 Slug Demetrie Volcanics 0.21 ELMA, 1991

0.00467
151

0.000007

Geometric Mean for Granodiorite and Basin Fill

Maximum

Maximum
Minimum

Minimum

Basin Fill and Demetrie Volcanics

Geometric Mean for Basin Fill and Demetrie Volcanics
Maximum

BEDROCK COMPLEX

Demetrie Volcanics

Geometric Mean for Demetrie Volcanics

Minimum
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TABLE B.1
Summary of Reported Hydraulic Conductivity Estimates

Well or 
Boring Test Date Type of 

Test
Aquifer 
Material

Hydraulic 
Conductivity 

(ft/day)
References

MH-25D 02/20/06 Pumping Cretaceous Sediments 0.067 ELMA, 2006a

0.067
0.067
0.067

Brecciated Volcanics
B3-3 (23'-26') no date Packer Brecciated Andesite 0.0019 ELMA and Dames & Moore, 1994
B3-3 (23'-26') no date Packer Brecciated Andesite 0.011 ELMA and Dames & Moore, 1994

B3-5 (15.5'-21.5') no date Packer Brecciated Andesite 0.087 ELMA and Dames & Moore, 1994

0.012
0.087
0.002

Intrusive Rocks
BS-4 

(40'-60') no date Packer Granite 0.367 ELMA and Dames & Moore, 1994
BS-4 

(50'-60') no date Packer Granite 0.434 ELMA and Dames & Moore, 1994
BS-5 (60'-70') no date Packer Granite 0.445 ELMA and Dames & Moore, 1994

M-14 no date Slug Granodiorite 0.00007 MW & ELMA, 1998
M-14 no date Slug Granodiorite 0.00007 MW & ELMA, 1998
M-15 no date Slug Granodiorite 0.0067 MW & ELMA, 1998
M-15 no date Slug Granodiorite 0.0110 MW & ELMA, 1998
M-17 no date Slug Granodiorite 0.0011 MW & ELMA, 1998
M-17 no date Slug Granodiorite 0.0020 MW & ELMA, 1998

MH-21 06/27/97 Slug Granodiorite 0.0107 ELMA, 2001
MH-21 06/27/97 Slug Granodiorite 0.0093 ELMA, 2001
PZ-3 06/25/97 Slug Granodiorite 0.0094 ELMA, 2001
PZ-3 06/25/97 Slug Granodiorite 0.006 ELMA, 2001
PZ-4 06/23/97 Pumping Granodiorite 2.18 ELMA, 2001
PZ-5 08/13/97 Slug Granodiorite 0.005 ELMA, 2001
PZ-5 08/13/97 Slug Granodiorite 0.004 ELMA, 2001
PZ-6 07/02/97 Slug Granodiorite 0.027 ELMA, 2001
PZ-6 07/02/97 Slug Granodiorite 0.029 ELMA, 2001
PZ-7 07/31/97 Slug Granodiorite 0.45 ELMA, 2001
PZ-7 07/31/97 Slug Granodiorite 0.51 ELMA, 2001
PZ-9 08/26/97 Slug Granodiorite 0.32 ELMA, 2001
PZ-9 08/26/97 Slug Granodiorite 0.47 ELMA, 2001
BW-3 08/27/90 Packer Granodiorite 0.08 ELMA, 1991
BW-3 08/27/90 Packer Tertiary Intrusives 0.11 ELMA, 1991
MH-17 06/18/97 Slug Quartz Monzonite 0.47 ELMA, 2001
MH-17 06/18/97 Slug Quartz Monzonite 0.47 ELMA, 2001

0.031
2.18

0.000067Minimum

Geometric Mean for Brecciated Andesite
Maximum
Minimum

Cretaceous Sedimentary Rock

Geometric Mean for Cretaceous Sedimentary Rock
Maximum

Geometric Mean for Intrusive Rocks
Maximum

Minimum

H:\78300\Sulfate_issues\ksw\Reported Aquifer parameters july3.xls:  Table B.1

Page 3 of 4



TABLE B.1
Summary of Reported Hydraulic Conductivity Estimates

Well or 
Boring Test Date Type of 

Test
Aquifer 
Material

Hydraulic 
Conductivity 

(ft/day)
References

Meta-Rhyolite and Rhyolite
BS-6 A
(40'-70') no date Packer Meta-Rhyolite 0.43 ELMA and Dames & Moore, 1994

BS-6 
(50'-70') no date Packer Meta-Rhyolite 0.89 ELMA and Dames & Moore, 1994

BS-6 
(63'-70') no date Packer Meta-Rhyolite 1.07 ELMA and Dames & Moore, 1994

B5-3 (9'-16') no date Packer Rhyolite 0.03 ELMA and Dames & Moore, 1994
B5-3 (14'-21') no date Packer Rhyolite 0.04 ELMA and Dames & Moore, 1994

B5-5 
(5'-12') no date Packer Rhyolite 0.05 ELMA and Dames & Moore, 1994

B5-5 (5'-12') no date Packer Rhyolite 0.09 ELMA and Dames & Moore, 1994
B5-5 (14.5'-20') no date Packer Rhyolite 0.05 ELMA and Dames & Moore, 1994
B5-7 (15'-22') no date Packer Rhyolite 0.03 ELMA and Dames & Moore, 1994
B5-8 (22'-30') no date Packer Rhyolite Negligible ELMA and Dames & Moore, 1994

0.12
1.07
0.03

Notes:

1 ELMA = Errol L. Montgomery and Associates
2 MW = Montgomery Watson 

Maximum
Geometric Mean for Meta-Rhyolite and Rhyolite

Minimum

H:\78300\Sulfate_issues\ksw\Reported Aquifer parameters july3.xls:  Table B.1

Page 4 of 4



H:\78300\Sulfate_issues\ksw\Hydraulic Conductivity References 6.doc Page 1 of 2 

TABLE B.2 
 

HYDRAULIC CONDUCTIVITY REFERENCES 
 
 
 
Errol L. Montgomery and Associates, Inc. (ELMA). 2006a.  Unpublished pumping test 

data for MH-13, MH-25, and MH-26.  May 8-9, 2006. 
 
ELMA.  2006b. Results of Drilling, Construction and Testing Monitor Well MH-30,  

Phelps Dodge Sierrita, Inc., Pima County, Arizona, unpublished technical 
memorandum. June 5, 2006. 

 
ELMA. 2001. Additional Characterization of Hydrologic Conditions: Aquifer Protection 

Permit Application no. 101679, Sierrita Mine, Phelps Dodge Sierrita Inc., Pima 
County, Arizona. January 4, 2001. 

 
ELMA. 2004a. Results of Construction, Development, Testing, and Sampling of  

Groundwater Monitor Wells MH-25 and MH-26, Sierrita Mine, Phelps Dodge 
Sierrita Inc., Pima County, Arizona.  March, 10, 2004. 

 
ELMA. 2004b. Results of Drilling, Construction, and Testing for Wells IW-22, IW-23,  
 IW-24, IW-3A.   April 6, 2004. 
 
ELMA. 1995. Results of Drilling, Construction, Development, and Testing Phase II  

Interceptor Wells, Sierrita Operation, CSC, Pima County, AZ, prepared for 
Cyprus Sierrita Corporation, Green Valley, Arizona.  June 23, 1995.   

 
ELMA. 1994. Results of Rehabilitation, Redevelopment, and Pumping Test Operations 

for Interceptor Well IW-6, Sierrita Operation, Cyprus Sierrita Corporation, Pima 
County, Arizona, prepared for Cyprus Sierrita Corporation, Green Valley, 
Arizona.  January, 1994. 

 
Errol L. Montgomery and Associates and Dames and Moore, 1994.  Aquifer Protection 

Permit Application, Sierrita Operation, Cyprus Sierrita Corporation, Pima County, 
Arizona.  September 7, 1994. 

 
ELMA. 1991. Supplemental Hydrogeologic Report in Support of Aquifer Protection 

Permit Application, Sierrita Operation, Cyprus Sierrita Corporation Pima County, 
Arizona:  prepared for Cyprus Sierrita Corporation, Green Valley, Arizona.  July, 
1991. 

 
ELMA. 1986a. Evaluation of Pumping Test Data for Interceptor Wells, Cyprus Sierrita 

Corporation, Pima County, Arizona:  prepared for Cyprus Sierrita Corporation, 
Green Valley, Arizona.  June, 1986.   

 



H:\78300\Sulfate_issues\ksw\Hydraulic Conductivity References 6.doc Page 2 of 2 

ELMA. 1986b. Supplemental Proposal for Groundwater Quality Protection Permit 
Application, Sierrita Operation, Cyprus Sierrita Corporation, Pima County, 
Arizona:  Prepared for Cyprus Sierrita Corporation, Green Valley, Arizona.  June, 
1986.   

 
Schmidt, Buck. 2005. Well Spacing/Well Impact Investigation – Community Water  

Company of Green Valley’s Well # 10, D-18-13 23cac: Memorandum to Arizona 
Department of Water Resources Groundwater Management Support Section.  
May 6, 2005. 

 
Montgomery Watson Mining Group and Errol L. Montgomery and Associates, Inc. 1988. 

Aquifer Protection Permit Application, Twin Buttes Mine:  prepared for Arizona 
Department of Environmental Quality.  December 1998.   

 
 



 

 

APPENDIX C 
 

Water Quality Data 
 



TABLE OF CONTENTS 
 
 

TABLES 
 
 

C.1  General Chemistry of Major Element Concentrations for Selected Wells 
C.2 Dissolved Metal Concentrations for Interceptor Wells (IW-series) 1997 

through April 2006 
C.3  Interceptor Wellfield Sulfate Concentrations 
 
 



TABLE C.1
General Chemistry and Major Element Concentrations for Selected Wells

Well 
Name

Sample 
Date Calcium Magnesium Potassium Sodium Bicarbonate 

Alkalinity Chloride Fluoride Sulfate TDS Calculated 
Hardness pH 

IW-1 09/14/2005 193.0 41.4 9.6 61.3 135 56 0.3 520 1,010 652 6.85
IW-2 12/08/2005 65.3 13.9 5.6 42.0 155 19 0.3 100 390 220 7.75
IW-3 09/16/2002 396.0 77.0 10.4 94.9 120 109 0.3 1,700 2,790 1,304 7.78

IW-3A 12/08/2005 477.0 105.0 14.4 123.0 125 119 0.2 1,560 2,580 1,622 7.50
IW-4 03/23/2005 527.0 93.7 10.5 159.0 147 144 0.3 1,590 2,780 1,700 7.38
IW-5 03/23/2005 557.0 98.5 8.1 187.0 177 174 0.2 1,720 2,950 1,795 7.29
IW-6a 12/09/2005 501.0 83.1 7.2 221.0 114 112 0.3 1,790 2,970 1,592 7.51
IW-8 12/07/2005 521.0 117.0 13.6 177.0 113 128 0.2 1,790 3,070 1,781 7.51
IW-9 12/08/2005 506.0 97.8 12.4 175.0 126 137 0.3 1,210 2,860 1,664 7.61
IW-10 03/23/2005 479.0 116.0 8.3 130.0 139 126 0.2 1,600 2,650 1,672 6.94
IW-11 12/09/2005 490.0 90.6 8.7 191.0 131 131 0.2 1,700 2,890 1,595 7.33
IW-12 06/07/2005 427.0 82.5 7.6 139.0 109 100 0.3 1,350 2,320 1,404 7.25
IW-13 09/14/2005 510.0 95.3 7.5 183.0 114 98 0.2 1,690 2,760 1,664 7.26
IW-14 12/09/2005 524.0 111.0 7.2 165.0 105 121 0.2 1,820 3,030 1,764 6.96
IW-15 09/14/2005 623.0 100.0 7.5 175.0 128 128 0.2 1,930 3,190 1,965 7.32
IW-17 06/07/2005 466.0 112.0 7.0 120.0 124 135 0.3 1,480 2,620 1,623 7.17
IW-18 06/07/2005 491.0 121.0 8.8 125.0 134 133 0.3 1,500 2,660 1,722 6.79
IW-19 12/12/2005 486.0 117.0 7.2 109.0 144 124 0.2 1,590 2,640 1,693 6.58
IW-20 12/12/2005 542.0 99.9 10.9 175.0 160 168 0.2 1,700 2,940 1,763 7.87
IW-21 12/12/2005 460.0 113.0 9.8 131.0 134 121 0.2 1,530 2,660 1,612 6.97
IW-22 12/12/2005 521.0 80.9 10.3 186.0 149 142 0.1 1,680 2,910 1,632 7.29
IW-23 12/08/2005 522.0 98.6 9.2 166.0 183 167 0.2 1,610 2,870 1,708 7.07
IW-24 12/12/2005 546.0 89.2 8.2 162.0 161 142 0.1 1,660 2,840 1,729 7.43

MH-11 12/14/2005 490.0 108.0 14.9 106.0 87 115 0.1 1,570 2,680 1,666 7.17
MH-12 12/13/2005 368.0 74.5 10.5 77.9 71 117 0.2 1,100 1,960 1,224 6.98
MH-13 03/16/2004 505.0 98.1 12.7 110.0 99 148 0.2 1,620 2,740 1,663 7.20

CW-7 12/13/2004 196.0 21.5 5.8 68.9 108 53 0.4 570 1,030 577 6.97
CW-8 12/13/2004 124.0 10.8 6.1 121.0 97 50 1.0 470 860 354 7.23
ESP-1 11/29/2005 80.5 7.8 3.4 46.1 94 30 0.2 130 430 233 7.51
ESP-4 05/20/2004 55.2 5.4 3.0 45.4 109 20 1.4 120 340 160 6.95

S-1 12/13/2005 69.0 9.0 3.2 45.7 174 20 0.4 70 400 209 7.25
S-2 12/13/2005 50.8 5.9 2.9 50.8 147 14 0.5 80 340 151 7.50

GV-1 12/13/2005 52.7 7.9 3.1 31.9 167 13 0.3 40 300 164 7.62
GV-2 12/13/2005 64.4 9.5 3.5 37.4 176 18 0.3 70 360 200 7.48

ESP-2 12/19/2005 32.8 3.1 2.6 36.2 137 8 1.0 30 230 95 7.85
ESP-3 12/19/2005 31.6 2.8 2.5 35.7 130 8 0.7 30 230 90 7.64
Note:

All concentrations in milligrams per liter (mg/L) except pH Source:  PDSI Database.
pH in standard units
 TDS = Total Dissolved Solid Residue (Dried at 180C)

Medial Wells

Distal Wells

Upgradient Wells

Downgradient Wells

Proximal Wells
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TABLE C.2
Dissolved Metal Concentrations for  Interceptor Wells (IW-series) 

1997 through April 2006

Well 
Name

Sample 
Date

Aluminum Antimony Arsenic Barium Beryllium Boron Cadmium Chromium Cobalt Copper Iron Lead Manganese Mercury Molybdenum Nickel Selenium Thallium Zinc

NS 0.006 0.01 2 0.004 NS 0.005 0.1 NS NS NS 0.05 NS 0.002 NS 0.1 0.05 0.002 NS
IW-1 12/23/1997 NM <0.01 0.001 NM NM 0.07 <0.003 0.01 <0.05 <0.05 0.02 0.002 0.006 <0.001 <0.05 NM <0.005 NM 0.01
IW-1 07/01/2003 NM <0.0004 0.004 0.051 <0.0002 NM <0.0002 <0.01 <0.01 NM 0.03 0.0005 <0.005 <0.0002 <0.02 <0.02 <0.001 0.0002 NM
IW-1 08/01/2003 <0.03 <0.0002 0.00351 0.051 <0.0001 NM 0.0002 <0.01 <0.01 NM 0.07 0.0002 <0.005 0.0002 <0.01 <0.01 <0.001 <0.00005 NM
IW-1 11/03/2003 NM <0.0002 0.0037 0.052 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.03 0.0005 <0.005 <0.0002 <0.01 0.01 <0.001 <0.00005 NM
IW-1 12/01/2003 NM <0.0002 0.0031 0.038 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.02 0.0003 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.00005 NM
IW-1 03/31/2004 NM <0.0004 0.004 0.045 <0.0002 NM 0.0015 <0.01 <0.01 NM <0.01 0.0003 <0.005 <0.0002 <0.01 <0.01 <0.001 0.0001 NM
IW-1 06/24/2004 NM <0.0004 0.004 0.042 <0.0002 NM <0.0002 <0.01 <0.01 NM 0.06 0.0003 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-1 09/29/2004 NM <0.0004 0.004 0.041 <0.0002 NM <0.0002 <0.01 <0.01 NM 0.02 0.0009 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0002 NM
IW-1 12/15/2004 NM <0.0002 0.0044 0.038 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.04 0.0003 <0.005 <0.0002 <0.01 <0.01 0.001 <0.0001 NM
IW-1 12/15/2004 NM <0.0002 0.0042 0.038 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.04 0.0002 <0.005 <0.0002 <0.01 <0.01 0.001 <0.0001 NM
IW-1 03/23/2005 NM <0.0002 0.0028 0.037 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.03 0.0002 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-1 06/10/2005 NM <0.0004 0.0041 0.034 <0.0001 NM <0.0001 <0.02 <0.01 NM 0.16 0.0022 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0001 NM
IW-1 09/14/2005 NM <0.0004 0.0022 0.037 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.25 0.0009 <0.005 <0.0002 <0.01 <0.01 <0.001 0.0001 NM
IW-1 12/08/2005 NM <0.0004 0.0035 0.033 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.16 0.0013 <0.005 <0.0002 0.01 <0.01 <0.001 <0.0001 NM
IW-1 01/30/2006 NM <0.0004 0.0041 0.035 <0.0001 NM <0.0001 <0.01 <0.01 <0.01 NM 0.0013 NM NM <0.01 <0.01 0.0015 <0.0001 <0.01
IW-2 12/23/1997 NM <0.01 0.006 NM NM 0.07 <0.003 <0.05 <0.05 <0.05 0.01 <0.005 <0.03 <0.001 <0.05 NM <0.005 NM <0.05
IW-2 06/25/1998 NM <0.002 0.005 0.06 <0.001 NM <0.002 <0.05 <0.05 NM 0.03 0.0006 <0.03 <0.001 <0.05 <0.05 0.001 <0.001 NM
IW-2 10/10/2000 NM 0.0002 0.005 0.043 <0.0001 NM 0.0009 <0.01 <0.01 NM 0.27 0.005 0.008 <0.0002 <0.01 <0.01 0.002 <0.00005 NM
IW-2 10/22/2001 NM <0.0002 0.0049 0.038 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.02 0.001 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-2 09/16/2002 NM <0.0002 0.005 0.035 <0.0001 NM <0.0002 <0.01 <0.01 NM 0.03 0.0008 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.00005 NM
IW-2 07/01/2003 NM <0.0004 0.005 0.035 <0.0002 NM <0.0002 <0.01 <0.01 NM <0.02 0.0002 <0.005 <0.0002 <0.02 <0.02 <0.001 0.0003 NM
IW-2 08/01/2003 <0.03 <0.0002 0.00531 0.034 <0.0001 NM <0.0001 <0.01 <0.01 NM <0.02 0.0033 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.00005 NM
IW-2 11/03/2003 NM 0.0003 0.0063 0.038 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.04 0.0002 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.00005 NM
IW-2 12/01/2003 NM <0.0002 0.0053 0.026 <0.0001 NM <0.0001 <0.01 <0.01 NM <0.01 0.0002 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.00005 NM
IW-2 03/31/2004 NM <0.0004 0.0058 0.039 <0.0002 NM <0.0002 <0.01 <0.01 NM <0.01 <0.0002 <0.005 <0.0002 <0.01 <0.01 <0.001 0.0001 NM
IW-2 06/24/2004 NM <0.0002 0.0056 0.036 <0.0002 NM <0.0001 <0.01 <0.01 NM 0.04 <0.0001 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-2 09/29/2004 NM <0.0002 0.006 0.03 <0.0001 NM <0.0001 <0.01 <0.01 NM <0.01 <0.0001 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-2 12/15/2004 NM <0.0002 0.0066 0.026 <0.0001 NM <0.0001 <0.01 <0.01 NM <0.01 0.0001 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-2 03/23/2005 NM <0.0002 0.0051 0.026 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.07 <0.0001 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-2 06/10/2005 NM <0.0004 0.0075 0.024 <0.0001 NM <0.0001 <0.01 <0.01 NM <0.01 0.0034 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-2 09/14/2005 NM <0.0004 0.003 0.027 <0.0001 NM <0.0001 <0.01 <0.02 NM <0.04 0.0004 <0.005 <0.0002 <0.01 <0.02 <0.001 0.0001 NM
IW-2 12/08/2005 NM <0.0004 0.0054 0.025 <0.0001 NM <0.0001 <0.01 <0.01 NM <0.02 0.0003 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-2 01/30/2006 NM <0.0004 0.0065 0.024 <0.0001 NM <0.0001 <0.01 <0.01 <0.01 NM 0.0009 NM NM <0.01 <0.01 0.0007 0.0001 <0.01
IW-3 12/23/1997 NM <0.01 0.002 NM NM 0.11 <0.003 <0.05 <0.05 <0.05 <0.05 <0.005 <0.03 <0.001 0.01 NM <0.005 NM <0.05
IW-3 06/25/1998 NM <0.005 <0.03 0.05 <0.003 NM <0.005 <0.1 <0.1 NM 0.08 <0.005 <0.05 <0.001 <0.1 <0.1 <0.005 <0.003 NM
IW-3 10/22/2001 NM <0.0004 0.003 0.043 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.11 <0.0002 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0001 NM
IW-3 09/16/2002 NM <0.0004 0.004 0.034 <0.0002 NM <0.0005 <0.02 <0.02 NM 0.14 0.0025 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0001 NM
IW-3 08/01/2003 0.15 <0.0004 0.0035 0.041 <0.0002 NM 0.0002 <0.01 <0.01 NM <0.02 0.0005 <0.005 <0.0002 0.02 <0.01 <0.001 <0.0001 NM

IW-3A 03/04/2004 <0.03 <0.0004 0.0035 0.053 <0.0005 NM <0.0005 <0.01 <0.01 NM 0.06 0.0005 0.014 0.0005 0.01 <0.01 <0.001 <0.0003 NM
IW-3A 09/29/2004 NM <0.001 <0.003 0.049 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.07 <0.0005 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0005 NM
IW-3A 12/14/2004 NM <0.0004 0.004 0.049 <0.0002 NM <0.0002 0.03 <0.02 NM 0.21 0.0012 <0.01 <0.0002 <0.02 0.02 <0.001 <0.0002 NM
IW-3A 03/23/2005 NM <0.0002 0.0026 0.048 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.05 0.0006 <0.005 <0.0002 0.01 <0.01 <0.001 <0.0001 NM
IW-3A 09/14/2005 NM <0.0008 0.004 0.049 <0.0002 NM <0.0002 <0.02 <0.02 NM <0.04 0.0007 <0.01 <0.0002 <0.02 <0.02 <0.001 0.0002 NM
IW-3A 12/08/2005 NM <0.0004 0.0027 0.045 <0.0002 NM <0.0001 <0.02 <0.02 NM <0.04 0.0009 <0.01 <0.0002 0.03 <0.02 <0.001 <0.0001 NM
IW-3A 01/30/2006 NM <0.0008 0.0029 0.044 <0.0002 NM <0.0002 <0.01 <0.01 <0.01 NM 0.0009 NM NM <0.02 <0.01 0.0006 0.0005 0.01
IW-4 12/23/1997 NM 0.004 0.001 NM NM 0.13 <0.003 <0.05 <0.05 <0.05 <0.05 <0.005 0.014 <0.001 0.01 NM 0.002 NM <0.05
IW-4 06/25/1998 NM <0.005 0.006 0.049 <0.003 NM <0.005 <0.1 <0.1 NM 0.03 <0.005 0.01 <0.001 <0.1 <0.1 0.002 <0.003 NM
IW-4 10/13/1999 NM <0.0003 0.007 0.05 <0.0005 NM <0.0005 <0.01 <0.01 NM 0.02 0.0015 0.01 <0.0002 0.01 <0.01 0.002 <0.0003 NM
IW-4 10/10/2000 NM <0.0005 <0.001 0.044 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.02 0.001 0.03 <0.0002 0.04 <0.02 0.001 <0.0001 NM
IW-4 10/22/2001 NM <0.0004 0.002 0.045 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.02 0.0009 0.02 <0.0002 <0.02 <0.02 0.002 <0.0001 NM
IW-4 04/01/2004 NM <0.0004 0.0019 0.039 <0.0002 NM 0.0006 <0.02 <0.02 NM 0.11 0.0002 0.02 <0.0002 <0.02 <0.02 <0.001 0.0001 NM
IW-4 06/24/2004 NM <0.001 <0.003 0.039 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.14 <0.0005 0.02 <0.0002 <0.02 <0.02 <0.001 <0.0003 NM
IW-4 09/29/2004 NM <0.001 <0.003 0.046 <0.0005 NM <0.0005 0.02 <0.02 NM 0.08 <0.0005 0.02 <0.0002 0.02 <0.02 0.001 <0.0005 NM
IW-4 12/14/2004 NM <0.0004 0.003 0.042 <0.0002 NM <0.0002 0.03 <0.02 NM 0.19 0.0003 0.02 <0.0002 0.03 0.03 0.002 <0.0002 NM
IW-4 03/23/2005 NM <0.0002 0.0016 0.04 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.08 0.0003 0.01 <0.0002 0.02 <0.01 <0.001 <0.0001 NM
IW-4 01/30/2006 NM <0.0008 0.0015 0.038 <0.0002 NM <0.0002 <0.01 <0.01 <0.01 NM 0.0013 NM NM 0.03 <0.01 0.0015 0.0004 0.03
IW-5 06/25/1998 NM <0.005 0.006 0.036 <0.003 NM <0.005 <0.1 <0.1 NM <0.1 <0.005 <0.05 <0.001 0.08 <0.1 0.003 <0.003 NM
IW-5 10/13/1999 NM <0.0003 NM 0.03 <0.0005 NM <0.0005 <0.02 <0.02 NM <0.02 NM <0.01 <0.0002 0.06 <0.02 0.002 <0.0003 NM
IW-5 07/01/2003 NM <0.001 <0.003 0.034 <0.0005 NM <0.0005 <0.02 <0.02 NM <0.02 0.0007 <0.01 <0.0002 0.05 <0.02 0.001 0.0007 NM
IW-5 12/01/2003 NM <0.0002 0.0012 0.026 <0.0001 NM 0.0002 <0.02 <0.02 NM <0.02 0.0002 <0.01 <0.0002 0.05 <0.02 <0.001 <0.00005 NM
IW-5 04/01/2004 NM <0.001 0.0019 0.035 <0.0005 NM 0.002 <0.02 <0.02 NM 0.05 <0.0005 <0.01 <0.0002 0.06 <0.02 <0.001 0.001 NM
IW-5 03/23/2005 NM <0.0002 0.0009 0.038 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.17 <0.0001 0.017 <0.0002 0.06 <0.01 0.002 <0.0001 NM
IW-6 06/25/1998 NM <0.002 0.005 0.039 <0.001 NM <0.002 <0.05 <0.05 NM <0.05 0.0021 <0.03 <0.001 <0.05 <0.05 <0.005 <0.001 NM
IW-6a 04/01/1997 NM NN <0.05 NM NM 0.3 <0.2 0.03 <0.1 <0.1 0.04 <0.4 <0.05 <0.001 0.09 NM 0.003 NM 0.02
IW-6a 10/10/2000 NM 0.0014 <0.003 0.039 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.05 0.0009 <0.01 <0.0002 0.1 <0.02 0.001 <0.0003 NM
IW-6a 10/26/2001 NM 0.002 0.003 0.037 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.05 0.0007 <0.01 <0.0002 0.11 <0.02 <0.001 <0.0003 NM
IW-6a 04/01/2004 NM <0.001 0.0018 0.034 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.1 <0.0005 0.01 <0.0002 0.15 <0.02 <0.001 0.0012 NM
IW-6a 06/25/2004 NM <0.001 0.0015 0.035 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.07 0.0007 <0.01 <0.0002 0.19 <0.02 <0.001 0.0012 NM
IW-6a 09/29/2004 NM <0.001 <0.003 0.035 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.09 0.0014 <0.01 <0.0002 0.18 <0.02 0.001 <0.0005 NM
IW-6a 12/14/2004 NM <0.0004 0.004 0.036 <0.0002 NM <0.0002 0.03 <0.02 NM 0.19 0.0018 0.01 <0.0002 0.19 0.03 0.002 <0.0002 NM
IW-6a 03/23/2005 NM 0.0004 0.001 0.036 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.15 <0.0001 0.014 <0.0002 0.19 <0.01 0.001 <0.0001 NM
IW-6a 06/07/2005 NM <0.0004 <0.0005 0.035 <0.0001 NM 0.0002 <0.01 <0.01 NM 0.01 0.0047 <0.005 <0.0002 0.16 <0.01 <0.001 <0.0001 NM
IW-6a 12/09/2005 NM <0.0008 0.001 0.035 <0.0002 NM 0.0002 <0.02 <0.02 NM <0.04 0.001 <0.01 <0.0002 0.16 <0.02 <0.001 <0.0002 NM
IW-6a 01/30/2006 NM <0.0008 0.0015 0.033 <0.0002 NM 0.0003 <0.01 <0.01 <0.01 NM 0.0009 NM NM 0.18 <0.01 0.0015 0.0004 <0.01
IW-6a 04/24/2006 NM <0.0008 0.001 0.037 <0.0002 NM <0.0002 <0.02 <0.02 <0.02 NM 0.0002 NM NM 0.17 <0.02 0.0012 <0.0002 0.03
IW-8 12/23/1997 NM 0.003 0.001 NM NM 0.09 <0.003 <0.05 <0.05 <0.05 <0.05 <0.005 <0.03 <0.001 0.03 NM 0.002 NM 0.01
IW-8 10/10/2000 NM 0.0045 0.003 0.045 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.04 <0.0002 <0.01 <0.0002 0.04 <0.02 <0.001 <0.0001 NM
IW-8 09/16/2002 NM <0.0004 0.003 0.037 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.19 <0.0002 <0.01 <0.0002 0.03 <0.02 <0.001 <0.0001 NM
IW-8 07/01/2003 NM <0.001 <0.003 0.048 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.06 <0.0005 <0.01 <0.0002 0.04 <0.02 <0.001 0.0007 NM
IW-8 11/03/2003 NM <0.0002 0.0021 0.048 <0.0001 NM <0.0001 0.01 <0.01 NM 0.05 0.0003 <0.005 <0.0002 0.04 0.02 <0.001 <0.0001 NM
IW-8 12/01/2003 NM <0.0002 0.0019 0.036 <0.0001 NM 0.0002 <0.02 <0.02 NM <0.02 0.0004 <0.01 <0.0002 0.03 <0.02 <0.001 <0.00005 NM
IW-8 03/31/2004 NM <0.001 0.0022 0.045 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.03 <0.0005 <0.01 <0.0002 0.03 <0.02 <0.001 0.0012 NM
IW-8 06/24/2004 NM <0.001 <0.003 0.044 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.11 <0.0005 <0.01 <0.0002 0.02 <0.02 <0.001 <0.0003 NM
IW-8 09/29/2004 NM <0.001 <0.003 0.046 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.04 <0.0005 <0.01 <0.0002 0.04 <0.02 <0.001 <0.0005 NM
IW-8 12/14/2004 NM <0.0004 0.003 0.046 <0.0002 NM <0.0002 0.02 <0.02 NM 0.93 0.0004 <0.01 <0.0002 0.05 <0.02 <0.001 <0.0002 NM
IW-8 03/23/2005 NM <0.0002 0.0019 0.047 <0.0001 NM 0.0002 <0.02 <0.02 NM 0.1 0.0004 <0.01 <0.0002 0.04 <0.02 <0.001 <0.0001 NM
IW-8 06/10/2005 NM <0.0004 0.003 0.042 <0.0001 NM 0.0002 <0.02 <0.02 NM 0.09 <0.0001 <0.01 <0.0002 0.04 <0.02 <0.001 <0.0001 NM
IW-8 09/14/2005 NM <0.0008 0.003 0.049 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.1 0.0021 <0.01 <0.0002 0.04 <0.02 <0.001 <0.0002 NM
IW-8 12/07/2005 NM <0.0008 0.002 0.047 <0.0004 NM 0.0003 <0.02 <0.02 NM 0.13 0.0058 <0.01 <0.0002 0.05 <0.02 <0.001 0.0003 NM
IW-8 02/02/2006 NM <0.0008 0.0017 0.045 <0.0002 NM <0.0002 <0.01 <0.01 <0.01 NM 0.0012 NM NM 0.04 <0.01 0.0007 <0.0002 0.04
IW-9 07/01/2003 NM <0.001 <0.003 0.039 <0.0005 NM 0.0008 <0.02 <0.02 NM 0.15 <0.0005 0.99 <0.0002 0.02 <0.02 <0.001 0.0009 NM
IW-9 11/03/2003 NM 0.0005 0.0021 0.042 <0.0001 NM 0.0003 0.01 <0.01 NM 0.09 <0.0001 0.019 <0.0002 0.03 0.02 <0.001 0.0002 NM
IW-9 12/01/2003 NM 0.0002 0.0018 0.035 <0.0001 NM 0.0002 <0.02 <0.02 NM 0.04 <0.0001 <0.01 <0.0002 0.03 <0.02 <0.001 0.00007 NM
IW-9 03/31/2004 NM <0.001 0.0026 0.041 <0.0005 NM 0.0011 <0.02 <0.02 NM 0.04 <0.0005 <0.01 <0.0002 0.02 <0.02 <0.001 0.0012 NM
IW-9 06/24/2004 NM <0.001 0.003 0.039 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.17 <0.0005 0.01 <0.0002 <0.02 <0.02 <0.001 <0.0003 NM
IW-9 09/29/2004 NM <0.001 <0.003 0.046 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.08 <0.0005 <0.01 <0.0002 0.04 <0.02 0.001 <0.0005 NM
IW-9 12/14/2004 NM <0.0004 0.003 0.044 <0.0002 NM <0.0002 1.55 0.03 NM 2.26 0.0004 0.35 <0.0002 0.05 0.95 0.001 0.0028 NM
IW-9 03/23/2005 NM <0.0002 0.0021 0.042 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.05 0.0005 <0.005 <0.0002 0.03 <0.01 0.001 <0.0001 NM
IW-9 12/08/2005 NM <0.0008 0.002 0.043 <0.0004 NM <0.0002 <0.02 <0.02 NM 0.11 0.0021 <0.01 <0.0002 0.03 <0.02 <0.001 <0.0002 NM
IW-9 01/30/2006 NM <0.0008 0.0023 0.04 <0.0002 NM <0.0002 0.02 <0.01 <0.01 NM 0.001 NM NM 0.03 <0.01 0.0013 0.0004 0.01
IW-10 06/29/1998 NM <0.005 0.005 0.045 <0.003 NM <0.005 <0.05 <0.05 NM 0.02 <0.005 <0.03 <0.001 0.09 <0.05 0.004 <0.003 NM
IW-10 10/10/2000 NM <0.0005 <0.001 0.037 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.05 0.0021 <0.01 <0.0002 0.1 <0.02 0.003 <0.0001 NM
IW-10 10/26/2001 NM <0.001 <0.003 0.041 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.03 0.0036 <0.01 <0.0002 0.08 0.04 0.002 <0.0003 NM
IW-10 09/16/2002 NM <0.0004 <0.003 0.033 <0.0002 NM <0.0005 <0.02 <0.02 NM 0.13 <0.0005 <0.01 <0.0002 0.06 <0.02 0.002 <0.0003 NM
IW-10 07/01/2003 NM <0.001 <0.003 0.053 <0.0005 NM <0.0005 <0.01 <0.01 NM 0.03 0.0011 0.008 <0.0002 0.09 <0.01 0.002 0.0008 NM
IW-10 03/23/2005 NM <0.0004 0.0017 0.044 <0.0001 NM <0.0002 <0.01 <0.01 NM 0.06 0.0004 <0.005 <0.0002 0.07 <0.01 0.002 <0.0002 NM
IW-10 09/14/2005 NM <0.0008 0.003 0.049 <0.0002 NM 0.0004 <0.02 <0.02 NM 1.23 0.0298 0.05 <0.0002 0.06 0.04 <0.001 <0.0002 NM
IW-11 04/01/1997 NM NM <0.05 NM NM 0.3 <0.2 0.02 <0.1 <0.1 0.03 <0.4 <0.05 <0.001 0.12 NM 0.005 NM 0.04
IW-11 10/13/1999 NM 0.0003 <0.003 0.03 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.02 <0.0005 <0.01 <0.0002 0.1 <0.02 0.003 <0.0003 NM
IW-11 10/10/2000 NM <0.0005 <0.003 0.039 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.02 <0.0005 <0.01 <0.0002 0.12 <0.02 0.003 <0.0003 NM
IW-11 09/16/2002 NM <0.0004 <0.003 0.028 <0.0002 NM <0.0005 <0.02 <0.02 NM 0.14 <0.0005 <0.01 <0.0002 0.09 <0.02 0.002 <0.0003 NM
IW-11 07/01/2003 NM <0.001 <0.003 0.036 <0.0005 NM <0.0005 <0.02 <0.01 NM 0.33 0.001 <0.005 <0.0002 0.12 <0.02 0.002 0.0007 NM
IW-11 11/03/2003 NM 0.0004 0.0017 0.041 <0.0001 NM 0.0004 <0.01 0.02 NM <0.01 0.0003 <0.005 <0.0002 0.14 0.01 0.001 <0.0001 NM
IW-11 12/01/2003 NM <0.0002 0.0013 0.032 <0.0001 NM 0.0002 <0.02 <0.02 NM <0.02 0.0001 <0.01 <0.0002 0.13 <0.02 <0.001 <0.00005 NM
IW-11 04/01/2004 NM <0.001 0.0018 0.039 <0.0005 NM <0.0005 <0.02 <0.02 NM 1.05 0.0022 0.01 <0.0002 0.13 <0.02 0.001 0.001 NM
IW-11 06/24/2004 NM <0.001 <0.005 0.039 <0.001 NM <0.0005 <0.02 <0.02 NM 0.1 <0.0005 <0.01 <0.0002 0.11 <0.02 0.002 0.0007 NM
IW-11 09/29/2004 NM <0.001 <0.003 0.051 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.03 0.0006 <0.01 <0.0002 0.16 <0.02 0.002 <0.0005 NM
IW-11 12/14/2004 NM <0.0004 0.004 0.039 <0.0002 NM <0.0002 0.07 <0.02 NM 0.3 <0.0002 0.01 <0.0002 0.13 0.03 0.003 0.0003 NM
IW-11 03/23/2005 NM <0.0002 0.0016 0.041 <0.0001 NM 0.0003 <0.02 <0.02 NM 0.06 <0.0001 <0.01 <0.0002 0.12 <0.02 0.002 <0.0001 NM
IW-11 06/10/2005 NM <0.0004 0.0022 0.039 <0.0001 NM <0.0001 <0.02 <0.02 NM 0.06 0.0012 <0.01 <0.0002 0.12 <0.02 0.002 <0.0001 NM
IW-11 06/10/2005 NM <0.0004 0.0024 0.041 <0.0001 NM <0.0001 <0.02 <0.02 NM 0.06 0.0013 <0.01 <0.0002 0.11 <0.02 0.002 <0.0001 NM
IW-11 09/14/2005 NM <0.0008 0.002 0.045 <0.0002 NM <0.0002 <0.02 <0.02 NM <0.04 0.0005 <0.01 <0.0002 0.13 <0.02 <0.001 <0.0002 NM
IW-11 12/09/2005 NM <0.0004 0.0015 0.039 <0.0001 NM 0.0002 <0.02 <0.02 NM <0.04 0.0006 <0.01 <0.0002 0.12 <0.02 <0.001 <0.0001 NM
IW-11 01/30/2006 NM <0.0008 0.0015 0.039 <0.0002 NM 0.0003 0.01 <0.01 <0.01 NM 0.0011 NM NM 0.12 <0.01 0.0028 0.0004 0.01
IW-12 04/01/1997 NM NM <0.05 NM NM 0.2 <0.2 0.03 <0.1 <0.1 0.02 0.08 <0.05 <0.001 0.06 NM 0.003 NM 0.02
IW-12 12/23/1997 NM <0.01 0.003 NM NM 0.11 <0.003 <0.05 <0.05 <0.05 0.01 <0.005 <0.03 <0.001 0.08 NM 0.003 NM <0.05
IW-12 06/29/1998 NM <0.005 0.008 0.058 <0.003 NM <0.005 <0.05 <0.05 NM 0.04 0.001 <0.03 <0.001 0.09 <0.05 0.002 <0.003 NM
IW-12 12/09/1998 NM 0.0004 0.004 0.08 NM NM NM NM NM NM 0.05 NM NM NM 0.01 NM 0.002 NM NM
IW-12 10/10/2000 NM <0.0005 0.004 0.052 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.08 0.006 <0.01 <0.0002 0.1 <0.02 <0.001 <0.0001 NM
IW-12 07/01/2003 NM <0.001 <0.003 0.048 <0.0005 NM <0.0005 <0.02 <0.01 NM 0.05 0.0126 <0.005 <0.0002 0.1 <0.02 0.002 0.0008 NM
IW-12 08/01/2003 <0.06 0.0002 0.00553 0.05 <0.0001 NM <0.0001 <0.01 <0.01 NM <0.02 0.0008 <0.005 <0.0002 0.02 <0.01 0.004 <0.00005 NM
IW-12 11/03/2003 NM 0.0002 0.0038 0.052 <0.0001 NM <0.0001 <0.01 0.02 NM 0.04 0.0026 <0.005 <0.0002 0.1 <0.01 <0.001 0.0001 NM
IW-12 12/01/2003 NM <0.0002 0.0031 0.048 <0.0001 NM <0.0001 <0.02 <0.02 NM 0.06 0.0016 0.02 <0.0002 0.11 <0.02 <0.001 <0.00005 NM
IW-12 12/14/2004 NM <0.0004 0.005 0.051 <0.0002 NM <0.0002 0.03 <0.02 NM 0.14 0.0005 <0.01 <0.0002 0.11 <0.02 0.002 <0.0002 NM
IW-12 03/23/2005 NM 0.0003 0.0038 0.052 0.0001 NM 0.0003 0.04 <0.02 NM 19.5 0.0003 0.74 <0.0002 0.22 0.03 0.002 0.0001 NM
IW-12 06/07/2005 NM <0.0004 <0.0005 0.047 <0.0001 NM 0.0001 <0.01 <0.01 NM 4.65 0.0009 0.083 <0.0002 0.09 <0.01 0.002 <0.0001 NM
IW-12 04/24/2006 NM <0.0008 0.004 0.054 <0.0002 NM <0.0002 <0.02 <0.02 <0.02 NM 0.0063 NM NM 0.1 <0.02 0.002 <0.0002 <0.02
IW-13 06/29/1998 NM <0.005 0.007 0.057 <0.003 NM <0.005 <0.05 <0.05 NM 0.03 0.001 0.007 <0.001 0.09 <0.05 0.002 <0.003 NM
IW-13 11/03/2003 NM <0.0002 0.0024 0.051 <0.0001 NM 0.0001 <0.01 <0.01 NM 0.08 0.0006 <0.005 <0.0002 0.09 0.02 0.001 0.0001 NM
IW-13 12/01/2003 NM <0.0002 0.0017 0.045 <0.0001 NM <0.0001 <0.02 <0.02 NM 0.14 0.0004 0.02 <0.0002 0.11 <0.02 0.004 <0.00005 NM
IW-13 04/01/2004 NM <0.001 0.0025 0.049 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.05 0.0009 <0.01 <0.0002 0.08 <0.02 <0.001 0.0012 NM
IW-13 09/29/2004 NM <0.001 <0.003 0.047 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.07 0.0009 <0.01 <0.0002 0.1 <0.02 0.002 <0.0005 NM
IW-13 12/10/2004 NM <0.0004 0.002 0.06 <0.0002 NM 0.0002 0.19 <0.02 NM 0.74 0.0007 0.03 <0.0002 0.11 0.1 <0.001 0.0002 NM
IW-13 03/23/2005 NM <0.0002 0.0026 0.057 <0.0001 NM 0.0002 <0.01 <0.01 NM 0.06 0.0002 <0.005 <0.0002 0.09 <0.01 0.002 <0.0001 NM
IW-13 03/23/2005 NM <0.0002 0.0022 0.056 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.06 0.0002 <0.005 <0.0002 0.09 <0.01 0.001 <0.0001 NM
IW-13 06/07/2005 NM <0.0004 0.0008 0.051 0.0001 NM 0.0001 <0.01 <0.01 NM 4.7 0.0057 0.05 <0.0002 0.1 <0.01 <0.001 <0.0001 NM
IW-13 09/14/2005 NM <0.0008 0.003 0.058 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.04 0.0018 <0.01 <0.0002 0.1 <0.02 <0.001 <0.0002 NM
IW-13 04/24/2006 NM <0.0008 0.003 0.046 <0.0002 NM <0.0002 <0.02 <0.02 <0.02 NM 0.0181 NM NM 0.11 <0.02 0.0011 <0.0002 0.15
IW-14 12/23/1997 NM <0.01 0.001 NM NM 0.15 <0.003 <0.05 <0.05 0.01 <0.05 <0.005 <0.03 <0.001 0.05 NM 0.002 NM 0.01
IW-14 06/29/1998 NM <0.005 0.008 0.056 <0.003 NM <0.005 <0.1 <0.1 NM 0.06 0.002 <0.05 <0.001 0.05 <0.1 0.002 <0.003 NM
IW-14 10/10/2000 NM 0.0004 0.004 0.057 <0.0002 NM <0.0002 0.02 <0.02 NM 0.08 0.0034 <0.01 <0.0002 0.06 <0.02 <0.001 <0.0001 NM
IW-14 10/25/2001 NM <0.0004 0.003 0.053 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.04 0.0014 <0.01 <0.0002 0.04 <0.02 0.002 <0.0003 NM
IW-14 04/01/2004 NM <0.001 0.0023 0.047 <0.0005 NM <0.0005 <0.02 <0.02 NM <0.02 <0.0005 <0.01 <0.0002 0.04 <0.02 <0.001 0.0012 NM
IW-14 06/25/2004 NM <0.001 0.0023 0.046 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.04 <0.0005 <0.01 <0.0002 0.04 <0.02 <0.001 0.0009 NM
IW-14 09/30/2004 NM <0.001 <0.003 0.047 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.03 <0.0005 <0.01 <0.0002 0.05 <0.02 <0.001 <0.0005 NM
IW-14 03/21/2005 NM <0.0002 0.0018 0.05 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.01 0.0003 <0.005 <0.0002 0.04 <0.01 <0.001 <0.0001 NM
IW-14 06/07/2005 NM <0.0004 0.0011 0.05 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.02 0.0057 <0.005 <0.0002 0.03 <0.01 <0.001 <0.0001 NM
IW-14 09/14/2005 NM <0.0008 0.003 0.054 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.07 0.0015 <0.01 <0.0002 0.04 <0.02 <0.001 0.0002 NM
IW-14 12/09/2005 NM <0.0008 0.002 0.046 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.07 0.0019 <0.01 <0.0002 0.04 <0.02 <0.001 <0.0002 NM
IW-14 02/01/2006 NM <0.0008 0.002 0.046 <0.0002 NM <0.0002 <0.02 <0.02 <0.02 NM 0.0011 NM NM 0.04 <0.02 0.0014 <0.0002 0.02
IW-15 12/23/1997 NM 0.002 0.002 NM NM 0.15 <0.003 <0.05 <0.05 <0.05 0.01 <0.005 <0.03 <0.001 0.04 NM 0.002 NM 0.01
IW-15 06/29/1998 NM <0.005 0.008 0.064 <0.003 NM <0.005 <0.1 <0.1 NM 0.03 0.002 <0.05 <0.001 0.04 <0.1 0.002 <0.003 NM
IW-15 10/13/1999 NM <0.0003 0.004 0.06 <0.0005 NM <0.0005 <0.01 <0.01 NM 0.02 0.0065 <0.005 <0.0002 0.04 <0.01 0.002 <0.0003 NM
IW-15 10/10/2000 NM <0.0005 0.004 0.059 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.03 0.0062 <0.01 <0.0002 0.04 <0.02 0.002 <0.0003 NM

AWQS

   AWQS = Arizona Aquifer Water Quality Standard
   NS = No standard
   NM = Not measured
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TABLE C.2
Dissolved Metal Concentrations for  Interceptor Wells (IW-series) 

1997 through April 2006

Well 
Name

Sample 
Date

Aluminum Antimony Arsenic Barium Beryllium Boron Cadmium Chromium Cobalt Copper Iron Lead Manganese Mercury Molybdenum Nickel Selenium Thallium Zinc

NS 0.006 0.01 2 0.004 NS 0.005 0.1 NS NS NS 0.05 NS 0.002 NS 0.1 0.05 0.002 NSAWQS
IW-15 11/03/2003 NM 0.0002 0.0021 0.042 <0.0001 NM <0.0001 0.02 <0.01 NM 0.17 0.0004 <0.005 <0.0002 0.05 0.02 <0.001 <0.0001 NM
IW-15 09/30/2004 NM <0.001 <0.003 0.049 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.09 <0.0005 <0.01 <0.0002 0.04 <0.02 0.001 <0.0005 NM
IW-15 03/23/2005 NM <0.0002 0.001 0.074 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.04 <0.0001 0.01 <0.0002 0.02 <0.01 0.002 <0.0001 NM
IW-15 06/07/2005 NM <0.0004 0.0009 0.055 <0.0001 NM <0.0001 0.02 <0.01 NM 0.01 0.0021 <0.005 <0.0002 0.04 <0.01 <0.001 <0.0001 NM
IW-15 09/14/2005 NM <0.0008 <0.001 0.055 <0.0002 NM <0.0002 <0.02 <0.02 NM 6.85 0.0003 0.14 <0.0002 0.02 <0.02 <0.001 <0.0002 NM
IW-16 12/23/1997 NM 0.002 0.003 NM NM 0.14 <0.003 <0.05 <0.05 <0.05 <0.05 <0.005 <0.03 <0.001 0.02 NM 0.003 NM 0.01
IW-16 06/29/1998 NM <0.005 0.007 0.058 <0.003 NM <0.005 <0.1 <0.1 NM 0.14 0.002 <0.05 <0.001 <0.1 <0.1 0.002 <0.003 NM
IW-17 12/23/1997 NM 0.002 0.004 NM NM 0.15 <0.003 <0.05 <0.05 <0.05 <0.05 0.001 <0.03 0.0003 0.03 NM 0.003 NM <0.05
IW-17 06/30/1998 NM <0.005 0.01 0.059 <0.003 NM <0.005 <0.1 <0.1 NM 0.04 0.001 <0.05 0.0004 0.03 <0.1 0.002 <0.003 NM
IW-17 10/13/1999 NM <0.0003 0.006 0.06 <0.0005 NM <0.0005 <0.01 <0.01 NM 0.03 0.0077 <0.005 0.0005 0.03 <0.01 0.002 <0.0003 NM
IW-17 10/10/2000 NM 0.0007 0.005 0.058 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.04 0.0069 <0.01 <0.0002 0.03 <0.02 0.002 <0.0001 NM
IW-17 10/25/2001 NM 0.0004 0.005 0.058 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.12 0.0056 <0.01 <0.0002 0.02 <0.02 0.001 <0.0001 NM
IW-17 04/01/2004 NM <0.001 0.0038 0.054 <0.0005 NM <0.0005 <0.02 <0.02 NM <0.02 0.0042 <0.01 <0.0002 <0.02 <0.02 <0.001 0.0011 NM
IW-17 06/25/2004 NM <0.001 0.0039 0.055 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.06 0.0008 <0.005 <0.0002 0.04 <0.02 <0.001 0.0013 NM
IW-17 09/30/2004 NM <0.001 0.004 0.055 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.08 0.0039 <0.01 <0.0002 0.02 <0.02 0.001 <0.0005 NM
IW-17 12/10/2004 NM <0.0004 0.004 0.06 <0.0002 NM <0.0002 0.24 <0.02 NM 0.95 0.0006 0.03 <0.0002 0.02 0.14 <0.001 <0.0002 NM
IW-17 06/07/2005 NM <0.0004 0.002 0.058 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.06 0.0123 <0.005 <0.0002 0.02 <0.01 <0.001 <0.0001 NM
IW-18 12/23/1997 NM 0.002 <0.005 NM NM 0.12 <0.003 <0.05 <0.05 <0.05 0.1 <0.005 0.008 <0.001 0.05 NM 0.003 NM 0.01
IW-18 06/30/1998 NM <0.005 0.008 0.061 <0.003 NM <0.005 <0.1 <0.1 NM 0.04 0.003 <0.05 <0.001 0.05 <0.1 0.003 <0.003 NM
IW-18 04/01/2004 NM <0.001 0.0029 0.058 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.08 0.0086 <0.01 <0.0002 0.04 <0.02 <0.001 0.0013 NM
IW-18 06/29/2004 NM <0.001 <0.003 0.058 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.11 0.0067 <0.01 <0.0002 0.04 <0.02 <0.001 0.0007 NM
IW-18 09/30/2004 NM <0.001 <0.003 0.058 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.07 0.0064 <0.01 <0.0002 0.04 <0.02 0.001 <0.0005 NM
IW-18 03/23/2005 NM 0.0003 <0.0005 0.08 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.69 0.0009 0.03 <0.0002 0.02 <0.01 0.001 <0.0001 NM
IW-18 06/07/2005 NM <0.0004 0.0006 0.073 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.25 0.0036 0.041 <0.0002 0.01 <0.01 <0.001 0.0002 NM
IW-18 04/26/2006 NM <0.0008 0.003 0.067 <0.0002 NM <0.0002 <0.02 <0.02 <0.02 NM 0.0047 NM NM 0.04 <0.02 0.0015 <0.0002 <0.02
IW-19 12/23/1997 NM 0.003 0.002 NM NM 0.13 <0.003 <0.05 <0.05 0.01 <0.05 <0.005 0.006 <0.001 0.01 NM 0.003 NM <0.05
IW-19 10/13/1999 NM <0.0003 0.005 0.07 <0.0005 NM <0.0005 <0.01 <0.01 NM 0.02 0.0112 <0.005 <0.0002 0.02 <0.01 0.002 <0.0003 NM
IW-19 10/25/2001 NM 0.0007 0.004 0.078 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.05 0.0071 <0.01 <0.0002 <0.02 <0.02 0.001 <0.0001 NM
IW-19 04/01/2004 NM <0.001 0.0032 0.065 <0.0005 NM <0.0005 <0.02 <0.02 NM <0.02 0.0031 <0.01 <0.0002 <0.02 <0.02 <0.001 0.0011 NM
IW-19 06/29/2004 NM <0.001 <0.003 0.071 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.06 0.0018 <0.01 <0.0002 <0.02 <0.02 <0.001 0.0008 NM
IW-19 09/30/2004 NM <0.001 0.003 0.069 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.02 0.0022 <0.01 <0.0002 0.02 <0.02 <0.001 <0.0005 NM
IW-19 12/06/2004 NM <0.0004 0.003 0.069 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.08 0.0019 <0.01 <0.0002 <0.02 0.03 0.001 <0.0002 NM
IW-19 03/21/2005 NM <0.0002 0.0032 0.071 <0.0001 NM <0.0001 <0.02 <0.02 NM 0.03 0.0039 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0001 NM
IW-19 06/07/2005 NM <0.0004 0.0038 0.074 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.09 0.0043 <0.005 <0.0002 0.02 <0.01 <0.001 0.0002 NM
IW-19 09/14/2005 NM <0.0008 0.004 0.077 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.26 0.0036 <0.01 <0.0002 <0.02 <0.02 <0.001 0.0002 NM
IW-19 12/12/2005 NM <0.0004 0.003 0.073 <0.0002 NM <0.0001 <0.02 <0.02 NM 0.06 0.0042 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0001 NM
IW-19 12/12/2005 NM <0.0004 0.0029 0.067 <0.0002 NM <0.0001 <0.02 <0.02 NM 0.17 0.0029 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0001 NM
IW-19 01/24/2006 NM <0.0008 0.0033 0.075 <0.0002 NM <0.0002 <0.01 <0.01 <0.01 NM 0.0037 NM NM 0.01 <0.01 0.0013 <0.0002 0.01
IW-19 04/26/2006 NM <0.0008 0.003 0.069 <0.0002 NM <0.0002 <0.02 <0.02 <0.02 NM 0.0045 NM NM 0.03 <0.02 0.0013 <0.0002 0.03
IW-20 12/23/1997 NM 0.003 0.001 NM NM 0.13 <0.003 <0.05 <0.05 0.01 0.03 0.001 0.007 <0.001 0.01 NM 0.003 NM 0.01
IW-20 06/30/1998 NM <0.005 0.009 0.075 <0.003 NM <0.005 <0.1 <0.1 NM 0.04 <0.005 <0.05 0.0003 0.02 <0.1 0.003 <0.003 NM
IW-20 10/13/1999 NM <0.0003 0.005 0.07 <0.0005 NM <0.0005 <0.01 <0.01 NM 0.03 0.0023 <0.005 0.0002 0.02 <0.01 0.003 <0.0003 NM
IW-20 10/10/2000 NM 0.0011 0.003 0.077 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.06 0.0012 <0.01 0.0003 <0.02 <0.02 0.002 <0.0001 NM
IW-20 09/16/2002 NM <0.0004 0.003 0.061 <0.0002 NM <0.0005 <0.02 <0.02 NM 0.12 <0.0005 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0003 NM
IW-20 07/01/2003 NM 0.001 <0.003 0.067 <0.0005 NM <0.0005 <0.02 <0.01 NM 0.13 0.0007 <0.005 <0.0002 0.02 <0.02 0.002 0.0007 NM
IW-20 08/01/2003 <0.06 <0.0004 0.0024 0.067 <0.0002 NM <0.0002 <0.01 <0.01 NM 0.03 0.0005 <0.005 <0.0002 0.02 <0.01 <0.001 <0.0001 NM
IW-20 11/03/2003 NM <0.0002 0.0024 0.061 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.11 0.0003 <0.005 <0.0002 0.02 0.01 <0.001 <0.0001 NM
IW-20 04/01/2004 NM <0.001 0.0023 0.069 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.06 <0.0005 <0.01 <0.0002 <0.02 <0.02 <0.001 0.0011 NM
IW-20 06/25/2004 NM <0.001 0.0025 0.073 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.06 0.0006 <0.005 <0.0002 0.03 <0.02 <0.001 0.0009 NM
IW-20 09/30/2004 NM <0.001 <0.003 0.072 <0.0005 NM <0.0005 <0.02 <0.02 NM 0.05 0.0006 <0.01 <0.0002 0.02 <0.02 0.001 <0.0005 NM
IW-20 12/14/2004 NM <0.0004 0.002 0.059 <0.0002 NM <0.0002 0.03 <0.02 NM 2.39 <0.0002 0.07 <0.0002 0.03 <0.02 0.002 <0.0002 NM
IW-20 03/21/2005 NM <0.0002 0.002 0.073 <0.0001 NM <0.0001 <0.02 <0.02 NM 0.3 0.0008 <0.01 <0.0002 <0.02 <0.02 0.001 <0.0001 NM
IW-20 06/07/2005 NM <0.0004 0.0026 0.083 0.0003 NM <0.0001 <0.01 <0.01 NM 0.22 0.0064 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0001 NM
IW-20 09/14/2005 NM <0.0008 0.003 0.078 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.12 0.0029 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0002 NM
IW-20 12/12/2005 NM <0.0008 0.002 0.068 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.08 0.0036 <0.01 <0.0002 0.02 <0.02 <0.001 <0.0002 NM
IW-20 01/24/2006 NM <0.0008 0.0023 0.075 <0.0002 NM <0.0002 <0.01 <0.01 <0.01 NM 0.0045 NM NM <0.01 <0.01 0.0013 <0.0002 0.01
IW-20 04/26/2006 NM <0.0008 0.002 0.071 <0.0002 NM <0.0002 <0.02 <0.02 <0.02 NM 0.0023 NM NM 0.03 <0.02 0.0013 <0.0002 <0.02
IW-21 12/23/1997 NM 0.002 0.001 NM NM 0.12 <0.003 <0.05 <0.05 0.01 0.04 <0.005 0.005 <0.001 0.01 NM 0.004 NM 0.01
IW-21 06/30/1998 NM <0.005 0.007 0.086 <0.003 NM <0.005 <0.1 <0.1 NM 0.04 0.002 <0.05 <0.001 0.02 <0.1 0.003 <0.003 NM
IW-21 10/12/1999 NM <0.0003 0.003 0.09 <0.0005 NM <0.0005 <0.01 <0.01 NM 0.08 0.0065 <0.005 <0.0002 0.03 <0.01 0.004 <0.0003 NM
IW-21 10/10/2000 NM <0.0005 0.002 0.085 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.05 0.0023 <0.01 <0.0002 0.02 <0.02 0.002 <0.0001 NM
IW-21 10/25/2001 NM <0.0004 0.002 0.083 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.11 0.0041 <0.01 <0.0002 0.02 <0.02 0.003 <0.0001 NM
IW-21 09/16/2002 NM <0.0004 <0.003 0.064 <0.0002 NM <0.0005 <0.02 <0.02 NM 0.12 0.0009 <0.01 <0.0002 <0.02 <0.02 0.001 <0.0001 NM
IW-21 07/01/2003 NM <0.001 <0.003 0.078 <0.0005 NM 0.0006 <0.02 <0.01 NM 0.05 0.015 <0.005 <0.0002 0.02 <0.02 0.002 0.0007 NM
IW-21 08/01/2003 <0.06 <0.0004 0.0017 0.073 <0.0002 NM <0.0002 <0.01 <0.01 NM 0.02 0.0023 <0.005 <0.0002 0.02 <0.01 0.001 <0.0001 NM
IW-21 11/03/2003 NM 0.0002 0.0017 0.08 <0.0001 NM 0.0001 0.03 <0.01 NM 0.1 0.0015 <0.005 <0.0002 0.04 <0.01 0.001 0.0001 NM
IW-21 10/01/2004 NM <0.0004 0.002 0.095 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.03 0.0007 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0002 NM
IW-21 12/03/2004 NM <0.0004 0.002 0.079 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.07 0.0002 <0.01 <0.0002 <0.02 0.67 0.002 <0.0002 NM
IW-21 03/21/2005 NM <0.0002 0.0015 0.079 <0.0001 NM <0.0001 <0.02 <0.02 NM 0.05 0.0026 <0.01 <0.0002 <0.02 <0.02 0.001 <0.0001 NM
IW-21 06/07/2005 NM <0.0004 0.0024 0.079 0.0004 NM <0.0001 <0.01 <0.01 NM 0.08 0.0075 0.006 <0.0002 0.02 <0.01 <0.001 <0.0001 NM
IW-21 06/07/2005 NM <0.0004 <0.0005 0.078 <0.0001 NM <0.0001 <0.01 <0.01 NM 0.09 0.0066 0.007 <0.0002 0.02 <0.01 <0.001 <0.0001 NM
IW-21 09/14/2005 NM <0.0008 0.002 0.08 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.09 0.0046 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0002 NM
IW-21 12/12/2005 NM <0.0004 0.0013 0.073 <0.0002 NM <0.0001 <0.02 <0.02 NM 0.25 0.0039 <0.01 <0.0002 <0.02 <0.02 <0.001 <0.0001 NM
IW-21 01/24/2006 NM <0.0008 0.0015 0.081 <0.0002 NM <0.0002 <0.01 <0.01 <0.01 NM 0.0043 NM NM 0.02 <0.01 0.0015 <0.0002 0.01
IW-21 04/26/2006 NM <0.0008 0.001 0.073 <0.0002 NM <0.0002 <0.02 <0.02 <0.02 NM 0.0029 NM NM 0.03 <0.02 0.0014 <0.0002 <0.02
IW-22 01/15/2004 NM <0.001 0.0018 0.043 <0.0002 NM <0.0005 <0.01 <0.01 NM 0.11 0.0032 0.03 <0.0002 0.12 <0.01 0.001 <0.0001 NM
IW-22 06/24/2005 NM <0.0008 <0.001 0.034 <0.0002 NM 0.0002 <0.02 <0.02 NM 0.39 0.0021 <0.01 0.0002 0.13 <0.02 0.001 <0.0002 NM
IW-22 09/14/2005 NM <0.0008 0.002 0.048 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.31 0.0019 <0.01 <0.0002 0.09 <0.02 <0.001 <0.0002 NM
IW-22 12/12/2005 NM <0.0008 0.001 0.042 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.36 0.0019 <0.01 <0.0002 0.08 <0.02 <0.001 <0.0002 NM
IW-22 01/30/2006 NM <0.0008 0.0012 0.043 <0.0002 NM 0.0003 0.01 <0.01 <0.01 NM 0.0034 NM NM 0.1 <0.01 0.0025 0.0004 0.03
IW-23 02/14/2004 NM <0.0004 0.001 0.033 <0.0001 NM 0.0003 <0.01 <0.02 NM 0.09 0.001 0.028 <0.0002 0.08 <0.01 0.001 <0.00005 NM
IW-23 06/24/2005 NM <0.0008 <0.001 0.035 <0.0002 NM 0.0002 <0.02 <0.02 NM 0.79 0.003 0.01 0.0002 0.07 <0.02 0.001 <0.0002 NM
IW-23 09/16/2005 NM <0.0008 0.002 0.036 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.16 0.0012 <0.01 <0.0002 0.08 <0.02 0.001 <0.0002 NM
IW-23 12/08/2005 NM <0.0008 0.002 0.043 <0.0004 NM <0.0002 <0.02 <0.02 NM 0.16 0.0005 0.01 <0.0002 0.08 <0.02 <0.001 <0.0002 NM
IW-23 01/24/2006 NM <0.0008 0.0018 0.044 <0.0002 NM <0.0002 <0.01 <0.01 <0.01 NM 0.0008 NM NM 0.06 <0.01 0.002 <0.0002 0.01
IW-24 01/25/2004 NM <0.0004 0.0014 0.05 <0.0002 NM <0.0002 <0.01 0.01 NM 0.27 0.0043 0.041 <0.0002 0.03 0.01 0.001 0.0001 NM
IW-24 06/24/2005 NM <0.0008 <0.001 0.042 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.66 0.0016 0.05 <0.0002 <0.02 <0.02 0.001 <0.0002 NM
IW-24 09/14/2005 NM <0.0008 0.002 0.045 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.25 0.002 0.01 <0.0002 0.03 <0.02 <0.001 <0.0002 NM
IW-24 12/12/2005 NM <0.0008 0.001 0.042 <0.0002 NM <0.0002 <0.02 <0.02 NM 0.17 0.0014 0.01 <0.0002 0.04 <0.02 <0.001 <0.0002 NM
IW-24 01/30/2006 NM <0.0008 0.001 0.043 <0.0002 NM 0.0003 <0.02 <0.01 0.02 NM 0.0045 NM NM 0.03 <0.01 0.0013 0.0004 0.08
IW-24 01/30/2006 NM <0.0008 <0.0002 0.04 <0.0002 NM <0.0002 <0.02 <0.01 0.02 NM 0.0011 NM NM 0.03 <0.01 <0.0002 0.0006 0.07

   AWQS = Arizona Aquifer Water Quality Standard
   NS = No standard
   NM = Not measured
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-1 1/3/80 520 IW-1 6/17/81 257 IW-1 3/27/84 255
IW-1 1/11/80 525 IW-1 6/30/81 232 IW-1 4/18/84 233
IW-1 1/16/80 610 IW-1 7/10/81 262 IW-1 5/9/84 248
IW-1 1/21/80 556 IW-1 7/13/81 271 IW-1 5/29/84 241
IW-1 1/28/80 605 IW-1 7/20/81 284 IW-1 6/18/84 225
IW-1 2/4/80 577 IW-1 8/11/81 290 IW-1 7/5/84 218
IW-1 2/11/80 551 IW-1 8/18/81 303 IW-1 8/1/84 238
IW-1 2/19/80 522 IW-1 9/4/81 295 IW-1 10/26/84 214
IW-1 2/25/80 479 IW-1 9/11/81 280 IW-1 11/26/84 230
IW-1 3/3/80 502 IW-1 9/16/81 281 IW-1 12/3/84 228
IW-1 3/10/80 433 IW-1 9/21/81 283 IW-1 2/4/85 232
IW-1 3/17/80 434 IW-1 10/5/81 272 IW-1 3/18/85 173
IW-1 3/23/80 459 IW-1 10/13/81 296 IW-1 4/3/85 102
IW-1 3/31/80 446 IW-1 10/19/81 316 IW-1 5/16/85 165
IW-1 4/8/80 469 IW-1 10/26/81 321 IW-1 5/21/85 195
IW-1 4/14/80 471 IW-1 11/1/81 311 IW-1 6/1/85 262
IW-1 4/21/80 452 IW-1 12/1/81 300 IW-1 6/15/85 203
IW-1 4/28/80 445 IW-1 12/2/81 332 IW-1 7/4/85 230
IW-1 5/5/80 433 IW-1 3/31/82 239 IW-1 8/1/85 224
IW-1 5/12/80 423 IW-1 4/7/82 290 IW-1 8/15/85 257
IW-1 5/19/80 431 IW-1 4/20/82 300 IW-1 9/6/85 235
IW-1 5/27/80 469 IW-1 5/4/82 314 IW-1 9/15/85 233
IW-1 6/1/80 453 IW-1 5/25/82 318 IW-1 10/17/85 299
IW-1 6/8/80 550 IW-1 6/11/82 321 IW-1 12/2/85 244
IW-1 6/16/80 426 IW-1 6/16/82 282 IW-1 1/8/86 245
IW-1 6/23/80 376 IW-1 7/6/82 351 IW-1 1/25/86 230
IW-1 6/30/80 402 IW-1 7/14/82 336 IW-1 2/6/86 239
IW-1 7/8/80 382 IW-1 9/30/82 306 IW-1 3/14/86 227
IW-1 7/17/80 370 IW-1 10/14/82 346 IW-1 3/19/86 224
IW-1 7/21/80 404 IW-1 10/20/82 331 IW-1 4/23/86 242
IW-1 7/28/80 404 IW-1 1/6/83 326 IW-1 6/18/86 214
IW-1 8/4/80 374 IW-1 1/20/83 310 IW-1 6/21/86 248
IW-1 8/11/80 364 IW-1 2/13/83 283 IW-1 7/10/86 242
IW-1 8/18/80 393 IW-1 3/25/83 327 IW-1 8/7/86 185
IW-1 8/25/80 365 IW-1 4/13/83 293 IW-1 8/11/86 216
IW-1 9/2/80 438 IW-1 5/12/83 321 IW-1 12/3/86 217
IW-1 9/8/80 486 IW-1 6/10/83 286 IW-1 12/10/86 239
IW-1 9/15/80 410 IW-1 7/5/83 290 IW-1 1/7/87 254
IW-1 9/22/80 458 IW-1 7/14/83 295 IW-1 2/3/87 196
IW-1 9/29/80 380 IW-1 7/30/83 298 IW-1 3/4/87 127
IW-1 10/8/80 360 IW-1 8/11/83 294 IW-1 5/1/87 231
IW-1 10/13/80 357 IW-1 8/24/83 304 IW-1 6/1/87 265
IW-1 10/27/80 403 IW-1 9/19/83 276 IW-1 7/31/87 189
IW-1 11/3/80 420 IW-1 10/14/83 262 IW-1 9/1/87 221
IW-1 11/13/80 384 IW-1 11/14/83 249 IW-1 10/1/87 212
IW-1 11/17/80 397 IW-1 11/28/83 262 IW-1 11/3/87 212
IW-1 1/21/81 215 IW-1 12/14/83 244 IW-1 1/1/88 171
IW-1 3/2/81 289 IW-1 12/30/83 253 IW-1 2/1/88 209
IW-1 3/23/81 256 IW-1 2/2/84 250 IW-1 3/1/88 219
IW-1 5/25/81 224 IW-1 2/14/84 260 IW-1 4/1/88 176
IW-1 6/11/81 303 IW-1 3/7/84 240 IW-1 5/1/88 180
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-2 3/31/80 815 IW-2 5/11/81 718
IW-1 5/2/88 176 IW-2 4/28/80 853 IW-2 5/19/81 713
IW-1 6/1/88 151 IW-2 5/5/80 841 IW-2 5/28/81 744
IW-1 7/1/88 158 IW-2 5/12/80 835 IW-2 6/2/81 721
IW-1 8/1/88 219 IW-2 5/19/80 841 IW-2 6/11/81 775
IW-1 9/1/88 184 IW-2 5/27/80 833 IW-2 6/17/81 683
IW-1 10/1/88 107 IW-2 6/1/80 868 IW-2 6/22/81 685
IW-1 12/1/88 117 IW-2 6/8/80 851 IW-2 6/30/81 691
IW-1 1/1/89 119 IW-2 6/16/80 826 IW-2 7/13/81 694
IW-1 2/1/89 131 IW-2 6/23/80 775 IW-2 7/31/81 649
IW-1 4/1/89 152 IW-2 6/30/80 818 IW-2 9/4/81 657
IW-1 7/1/89 133 IW-2 7/8/80 803 IW-2 9/11/81 645
IW-1 10/1/89 168 IW-2 7/17/80 825 IW-2 9/16/81 625
IW-1 1/1/90 225 IW-2 7/21/80 815 IW-2 9/21/81 660
IW-1 1/23/90 176 IW-2 7/28/80 808 IW-2 10/5/81 617
IW-1 4/10/90 113 IW-2 8/4/80 821 IW-2 10/13/81 665
IW-1 7/1/90 180 IW-2 8/11/80 825 IW-2 12/1/81 606
IW-1 7/14/94 356 IW-2 8/18/80 838 IW-2 12/10/81 675
IW-1 10/24/94 422 IW-2 8/25/80 797 IW-2 1/21/82 581
IW-1 5/1/95 438 IW-2 9/2/80 792 IW-2 3/23/82 566
IW-1 6/18/97 1,270 IW-2 9/8/80 802 IW-2 3/29/82 598
IW-1 8/26/97 1,390 IW-2 9/15/80 798 IW-2 3/31/82 547
IW-1 12/23/97 1,470 IW-2 9/22/80 826 IW-2 4/7/82 614
IW-1 2/24/98 1,510 IW-2 9/29/80 818 IW-2 4/20/82 599
IW-1 7/1/03 930 IW-2 10/8/80 805 IW-2 5/4/82 601
IW-1 8/1/03 950 IW-2 10/13/80 807 IW-2 6/16/82 629
IW-1 11/3/03 930 IW-2 10/20/80 820 IW-2 7/6/82 619
IW-1 12/1/03 930 IW-2 10/27/80 849 IW-2 7/14/82 616
IW-1 3/31/04 880 IW-2 11/3/80 785 IW-2 9/30/82 596
IW-1 6/24/04 810 IW-2 11/13/80 816 IW-2 10/14/82 602
IW-1 9/29/04 750 IW-2 11/17/80 805 IW-2 10/29/82 570
IW-1 12/15/04 680 IW-2 11/24/80 923 IW-2 11/14/82 612
IW-1 3/23/05 610 IW-2 12/15/80 825 IW-2 12/2/82 552
IW-1 9/14/05 520 IW-2 12/22/80 780 IW-2 1/6/83 564
IW-1 12/8/05 500 IW-2 1/5/81 784 IW-2 1/20/83 547
IW-1 1/30/06 500 IW-2 1/12/81 798 IW-2 3/13/83 550
IW-2 1/3/80 767 IW-2 1/19/81 836 IW-2 3/25/83 529
IW-2 1/11/80 838 IW-2 1/26/81 785 IW-2 4/13/83 524
IW-2 1/16/80 944 IW-2 2/17/81 798 IW-2 5/11/83 519
IW-2 1/21/80 915 IW-2 2/22/81 604 IW-2 5/12/83 504
IW-2 1/28/80 844 IW-2 2/24/81 797 IW-2 6/10/83 425
IW-2 2/4/80 905 IW-2 3/2/81 724 IW-2 6/23/83 477
IW-2 2/11/80 900 IW-2 3/3/81 800 IW-2 7/5/83 449
IW-2 2/19/80 858 IW-2 3/11/81 745 IW-2 7/14/83 443
IW-2 3/3/80 868 IW-2 3/25/81 719 IW-2 7/30/83 454
IW-2 3/10/80 802 IW-2 3/31/81 738 IW-2 8/11/83 431
IW-2 3/17/80 823 IW-2 4/11/81 719 IW-2 8/24/83 430
IW-2 3/23/80 853 IW-2 4/13/81 810 IW-2 10/14/83 371
IW-2 4/8/80 794 IW-2 4/24/81 723 IW-2 10/18/83 385
IW-2 4/14/80 841 IW-2 4/28/81 729 IW-2 11/14/83 389
IW-2 4/21/80 800 IW-2 5/5/81 729 IW-2 11/28/83 410
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-2 12/14/83 382 IW-2 2/1/88 110 IW-2 3/31/04 370
IW-2 12/20/83 406 IW-2 3/1/88 89 IW-2 6/24/04 350
IW-2 1/6/84 389 IW-2 4/1/88 64 IW-2 9/29/04 290
IW-2 2/2/84 347 IW-2 5/1/88 125 IW-2 12/15/04 240
IW-2 2/14/84 387 IW-2 5/2/88 64 IW-2 3/23/05 190
IW-2 3/7/84 329 IW-2 6/1/88 56 IW-2 6/10/05 110
IW-2 3/27/84 376 IW-2 9/1/88 35 IW-2 9/14/05 120
IW-2 5/9/84 363 IW-2 11/1/88 87 IW-2 12/8/05 100
IW-2 5/29/84 351 IW-2 1/1/89 71 IW-2 1/30/06 100
IW-2 6/18/84 322 IW-2 2/1/89 35 IW-3 1/11/80 1,153
IW-2 7/5/84 309 IW-2 4/1/89 42 IW-3 1/16/80 1,291
IW-2 8/1/84 353 IW-2 7/1/89 54 IW-3 1/21/80 1,215
IW-2 10/26/84 324 IW-2 10/1/89 54 IW-3 1/28/80 1,205
IW-2 11/26/84 290 IW-2 1/1/90 111 IW-3 2/4/80 1,292
IW-2 12/3/84 317 IW-2 1/22/90 61 IW-3 2/11/80 1,222
IW-2 1/2/85 280 IW-2 4/9/90 36 IW-3 2/19/80 1,353
IW-2 1/4/85 280 IW-2 7/1/90 66 IW-3 2/25/80 1,174
IW-2 2/4/85 301 IW-2 10/1/90 72 IW-3 3/3/80 1,184
IW-2 3/18/85 216 IW-2 10/18/90 72 IW-3 3/10/80 1,157
IW-2 4/3/85 292 IW-2 1/1/91 80 IW-3 3/23/80 1,171
IW-2 5/1/85 161 IW-2 1/14/91 63 IW-3 3/31/80 1,218
IW-2 5/16/85 210 IW-2 4/1/91 89 IW-3 4/8/80 1,156
IW-2 6/1/85 266 IW-2 7/1/91 39 IW-3 4/14/80 1,230
IW-2 6/15/85 291 IW-2 10/1/91 44 IW-3 4/21/80 1,195
IW-2 7/4/85 227 IW-2 2/1/92 34 IW-3 4/28/80 1,220
IW-2 8/1/85 237 IW-2 4/15/92 54 IW-3 5/5/80 1,212
IW-2 8/15/85 270 IW-2 7/30/92 52 IW-3 5/12/80 1,205
IW-2 9/6/85 243 IW-2 10/19/92 55 IW-3 5/19/80 1,197
IW-2 9/15/85 268 IW-2 1/13/93 51 IW-3 5/27/80 1,208
IW-2 10/1/85 291 IW-2 4/16/93 57 IW-3 6/1/80 1,243
IW-2 10/17/85 267 IW-2 7/14/94 64 IW-3 6/8/80 1,214
IW-2 12/2/85 244 IW-2 10/24/94 71 IW-3 6/16/80 1,198
IW-2 1/8/86 251 IW-2 1/31/95 54 IW-3 6/23/80 1,180
IW-2 1/25/86 225 IW-2 5/1/95 75 IW-3 6/30/80 1,195
IW-2 2/6/86 237 IW-2 10/17/95 59 IW-3 7/8/80 1,211
IW-2 3/14/86 237 IW-2 1/31/96 125 IW-3 7/17/80 1,213
IW-2 3/19/86 207 IW-2 4/30/96 68 IW-3 7/21/80 1,197
IW-2 4/14/86 221 IW-2 7/22/96 82 IW-3 7/28/80 1,225
IW-2 6/18/86 221 IW-2 2/26/97 140 IW-3 8/4/80 1,221
IW-2 6/21/86 242 IW-2 6/18/97 160 IW-3 8/11/80 1,220
IW-2 11/9/86 122 IW-2 8/26/97 180 IW-3 8/18/80 1,249
IW-2 12/3/86 105 IW-2 12/23/97 280 IW-3 8/25/80 1,183
IW-2 1/7/87 140 IW-2 2/24/98 270 IW-3 9/2/80 1,192
IW-2 2/3/87 108 IW-2 6/25/98 410 IW-3 9/8/80 1,200
IW-2 6/1/87 119 IW-2 10/10/00 390 IW-3 9/15/80 1,188
IW-2 7/31/87 79 IW-2 10/22/01 330 IW-3 9/22/80 1,161
IW-2 9/1/87 105 IW-2 9/16/02 260 IW-3 9/29/80 1,253
IW-2 10/1/87 108 IW-2 7/1/03 240 IW-3 10/8/80 1,230
IW-2 11/3/87 101 IW-2 8/1/03 260 IW-3 10/13/80 1,213
IW-2 11/30/87 91 IW-2 11/3/03 300 IW-3 10/20/80 1,200
IW-2 1/1/88 80 IW-2 12/1/03 320 IW-3 10/27/80 1,244
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-3 11/3/80 1,226 IW-3 11/2/81 1,110 IW-3 5/1/85 1,237
IW-3 11/13/80 1,221 IW-3 11/23/81 1,222 IW-3 5/16/85 1,162
IW-3 11/17/80 1,220 IW-3 12/1/81 1,199 IW-3 6/1/85 1,241
IW-3 11/24/80 1,541 IW-3 12/10/81 1,210 IW-3 6/15/85 1,156
IW-3 12/1/80 1,324 IW-3 1/21/82 1,307 IW-3 7/4/85 1,119
IW-3 12/8/80 1,223 IW-3 2/22/82 1,235 IW-3 8/1/85 1,206
IW-3 12/15/80 1,195 IW-3 4/22/82 1,173 IW-3 8/15/85 1,381
IW-3 12/22/80 1,220 IW-3 5/6/82 1,062 IW-3 9/6/85 1,216
IW-3 12/29/80 1,241 IW-3 6/16/82 1,100 IW-3 9/15/85 1,290
IW-3 1/5/81 1,261 IW-3 7/6/82 1,187 IW-3 10/1/85 1,317
IW-3 1/12/81 1,233 IW-3 7/14/82 1,203 IW-3 10/17/85 1,231
IW-3 1/19/81 1,291 IW-3 10/14/82 1,234 IW-3 12/2/85 1,192
IW-3 1/26/81 1,200 IW-3 10/20/82 1,170 IW-3 1/8/86 1,238
IW-3 2/17/81 1,152 IW-3 11/14/82 1,257 IW-3 1/25/86 1,292
IW-3 2/24/81 1,247 IW-3 1/6/83 1,261 IW-3 3/14/86 1,228
IW-3 3/2/81 1,362 IW-3 1/20/83 1,254 IW-3 3/19/86 1,306
IW-3 3/3/81 1,236 IW-3 2/13/83 1,213 IW-3 8/7/86 1,196
IW-3 3/11/81 1,214 IW-3 4/13/83 1,278 IW-3 10/11/86 1,172
IW-3 3/16/81 1,119 IW-3 5/11/83 1,229 IW-3 12/3/86 1,199
IW-3 3/23/81 1,262 IW-3 5/12/83 1,210 IW-3 12/10/86 1,256
IW-3 3/25/81 1,206 IW-3 6/10/83 1,110 IW-3 1/7/87 1,196
IW-3 3/31/81 1,218 IW-3 6/23/83 1,176 IW-3 2/3/87 1,278
IW-3 4/11/81 1,250 IW-3 7/5/83 1,166 IW-3 5/1/87 1,156
IW-3 4/17/81 1,259 IW-3 7/14/83 1,210 IW-3 7/31/87 1,150
IW-3 4/24/81 1,235 IW-3 7/30/83 1,237 IW-3 10/1/87 1,179
IW-3 4/28/81 1,254 IW-3 8/11/83 1,224 IW-3 11/3/87 1,168
IW-3 5/5/81 1,235 IW-3 8/24/83 1,232 IW-3 11/30/87 1,167
IW-3 5/11/81 1,264 IW-3 9/19/83 1,215 IW-3 2/1/88 1,143
IW-3 5/19/81 1,227 IW-3 10/14/83 1,200 IW-3 4/1/88 1,075
IW-3 5/28/81 1,233 IW-3 10/18/83 1,203 IW-3 5/1/88 1,115
IW-3 6/2/81 1,240 IW-3 11/14/83 1,165 IW-3 5/2/88 1,075
IW-3 6/11/81 1,286 IW-3 12/14/83 1,199 IW-3 6/1/88 1,096
IW-3 6/17/81 1,207 IW-3 12/20/83 1,146 IW-3 7/1/88 1,098
IW-3 6/22/81 1,245 IW-3 1/6/84 1,194 IW-3 8/1/88 1,100
IW-3 6/30/81 1,196 IW-3 1/19/84 1,200 IW-3 9/1/88 1,092
IW-3 7/10/81 1,220 IW-3 2/2/84 1,171 IW-3 12/1/88 1,031
IW-3 7/13/81 1,218 IW-3 2/14/84 1,166 IW-3 1/1/89 973
IW-3 7/20/81 1,206 IW-3 3/7/84 1,215 IW-3 2/1/89 926
IW-3 7/31/81 1,215 IW-3 3/27/84 1,197 IW-3 4/1/89 929
IW-3 8/11/81 1,225 IW-3 4/18/84 1,171 IW-3 7/1/89 886
IW-3 8/18/81 1,213 IW-3 5/9/84 1,161 IW-3 10/1/89 851
IW-3 9/4/81 1,189 IW-3 5/29/84 1,173 IW-3 1/1/90 840
IW-3 9/11/81 1,187 IW-3 6/18/84 1,187 IW-3 1/22/90 900
IW-3 9/16/81 1,177 IW-3 7/5/84 1,119 IW-3 4/9/90 799
IW-3 9/21/81 1,200 IW-3 8/1/84 1,207 IW-3 7/1/90 751
IW-3 10/5/81 1,085 IW-3 10/26/84 1,306 IW-3 10/1/90 910
IW-3 10/13/81 1,281 IW-3 11/26/84 1,217 IW-3 10/18/90 910
IW-3 10/14/81 1,203 IW-3 12/3/84 1,171 IW-3 1/1/91 836
IW-3 10/19/81 1,216 IW-3 1/2/85 1,322 IW-3 1/14/91 690
IW-3 10/26/81 1,159 IW-3 2/4/85 1,233 IW-3 4/1/91 815
IW-3 11/1/81 1,110 IW-3 3/18/85 1,245 IW-3 7/1/91 808
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-3 10/1/91 783 IW-4 6/1/80 1,197 IW-4 10/1/81 1,205
IW-3 1/1/92 840 IW-4 6/23/80 1,030 IW-4 5/19/81 1,205
IW-3 4/15/92 1,076 IW-4 6/30/80 1,100 IW-4 10/13/81 1,213
IW-3 7/30/92 881 IW-4 7/8/80 1,047 IW-4 10/19/81 1,226
IW-3 10/19/92 895 IW-4 7/17/80 1,106 IW-4 10/26/81 1,211
IW-3 1/13/93 1,019 IW-4 7/21/80 1,082 IW-4 11/2/81 1,206
IW-3 4/16/93 862 IW-4 7/28/80 1,045 IW-4 11/23/81 1,200
IW-3 7/14/94 964 IW-4 8/4/80 999 IW-4 12/1/81 1,187
IW-3 10/24/94 946 IW-4 8/11/80 1,110 IW-4 12/10/81 1,259
IW-3 1/31/95 1,213 IW-4 8/18/80 1,124 IW-4 1/21/82 1,146
IW-3 5/1/95 1,625 IW-4 8/25/80 1,083 IW-4 2/22/82 1,111
IW-3 10/17/95 1,276 IW-4 9/2/80 1,098 IW-4 3/23/82 1,113
IW-3 1/31/96 1,426 IW-4 9/15/80 1,083 IW-4 3/31/82 1,096
IW-3 4/30/96 1,462 IW-4 9/22/80 1,083 IW-4 4/7/82 1,161
IW-3 7/22/96 1,530 IW-4 9/29/80 1,108 IW-4 4/20/82 1,087
IW-3 2/26/97 1,600 IW-4 10/8/80 1,111 IW-4 5/4/82 1,065
IW-3 6/18/97 1,570 IW-4 10/13/80 1,106 IW-4 5/25/82 1,154
IW-3 8/26/97 1,670 IW-4 11/24/80 1,302 IW-4 6/11/82 1,055
IW-3 12/23/97 1,660 IW-4 12/1/80 1,126 IW-4 6/16/82 1,077
IW-3 2/24/98 1,700 IW-4 12/8/80 1,197 IW-4 7/14/82 1,187
IW-3 6/25/98 1,380 IW-4 12/15/80 1,115 IW-4 9/30/82 1,088
IW-3 10/22/01 1,700 IW-4 12/29/80 1,149 IW-4 10/14/82 1,120
IW-3 9/16/02 1,700 IW-4 1/5/81 1,118 IW-4 1/6/83 1,125
IW-3 8/1/03 1,790 IW-4 1/12/81 1,121 IW-4 1/20/83 1,119

IW-3A 3/4/04 1,690 IW-4 1/19/81 1,240 IW-4 2/13/83 1,143
IW-3A 9/29/04 1,650 IW-4 1/26/81 1,147 IW-4 4/13/83 1,152
IW-3A 12/14/04 1,630 IW-4 2/17/81 1,190 IW-4 5/11/83 1,183
IW-3A 3/23/05 1,620 IW-4 2/24/81 1,177 IW-4 5/12/83 1,165
IW-3A 9/14/05 1,610 IW-4 3/2/81 1,313 IW-4 6/10/83 1,147
IW-3A 12/8/05 1,560 IW-4 3/3/81 1,187 IW-4 6/23/83 1,152
IW-4 1/3/80 986 IW-4 3/11/81 1,169 IW-4 7/5/83 1,112
IW-4 1/11/80 1,040 IW-4 3/16/81 1,195 IW-4 7/14/83 1,181
IW-4 1/16/80 1,145 IW-4 3/25/81 1,190 IW-4 7/30/83 1,186
IW-4 1/21/80 1,057 IW-4 3/31/81 1,187 IW-4 8/11/83 1,188
IW-4 1/28/80 1,053 IW-4 4/11/81 1,205 IW-4 8/24/83 1,180
IW-4 2/4/80 1,099 IW-4 4/24/81 1,243 IW-4 9/19/83 1,171
IW-4 2/11/80 1,076 IW-4 5/5/81 1,208 IW-4 10/18/83 1,098
IW-4 2/19/80 1,068 IW-4 5/11/81 1,213 IW-4 11/14/83 1,072
IW-4 2/25/80 1,045 IW-4 5/28/81 1,215 IW-4 12/14/83 1,087
IW-4 3/3/80 1,110 IW-4 6/2/81 1,231 IW-4 12/20/83 1,162
IW-4 3/17/80 987 IW-4 6/11/81 1,270 IW-4 1/6/84 1,135
IW-4 3/23/80 1,113 IW-4 6/17/81 1,222 IW-4 1/19/84 1,115
IW-4 3/31/80 1,058 IW-4 6/22/81 1,180 IW-4 2/2/84 1,118
IW-4 4/8/80 1,024 IW-4 7/10/81 1,235 IW-4 2/14/84 1,154
IW-4 4/14/80 988 IW-4 7/20/81 1,182 IW-4 3/7/84 1,117
IW-4 4/21/80 1,050 IW-4 8/11/81 1,222 IW-4 3/27/84 1,179
IW-4 4/28/80 1,090 IW-4 8/18/81 1,218 IW-4 4/18/84 1,132
IW-4 5/5/80 1,093 IW-4 9/4/81 1,243 IW-4 5/9/84 1,136
IW-4 5/12/80 1,080 IW-4 9/11/81 1,205 IW-4 5/29/84 1,158
IW-4 5/19/80 1,090 IW-4 9/16/81 1,213 IW-4 6/18/84 1,130
IW-4 5/27/80 1,113 IW-4 9/21/81 1,200 IW-4 7/5/84 1,023
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-4 10/26/84 1,124 IW-4 1/1/92 1,320 IW-5 4/28/81 1,272
IW-4 11/26/84 1,116 IW-4 4/15/92 1,531 IW-5 5/5/81 1,296
IW-4 12/3/84 1,131 IW-4 7/30/92 1,539 IW-5 5/11/81 1,455
IW-4 1/2/85 1,190 IW-4 10/19/92 1,442 IW-5 5/19/81 1,317
IW-4 2/4/85 1,164 IW-4 1/12/93 1,752 IW-5 5/28/81 1,320
IW-4 3/18/85 1,064 IW-4 4/16/93 1,520 IW-5 6/2/81 1,320
IW-4 5/1/85 1,173 IW-4 7/14/94 1,412 IW-5 6/17/81 1,309
IW-4 5/16/85 1,089 IW-4 10/24/94 1,448 IW-5 6/22/81 1,342
IW-4 6/1/85 1,258 IW-4 1/31/95 1,274 IW-5 7/31/81 1,302
IW-4 6/15/85 1,095 IW-4 5/1/95 1,441 IW-5 8/11/81 1,325
IW-4 7/4/85 1,002 IW-4 1/31/96 1,437 IW-5 9/16/81 1,309
IW-4 8/1/85 1,067 IW-4 4/30/96 1,419 IW-5 10/1/81 1,335
IW-4 8/15/85 1,206 IW-4 7/22/96 1,570 IW-5 10/26/81 1,315
IW-4 9/6/85 1,179 IW-4 2/26/97 1,450 IW-5 10/31/81 1,355
IW-4 9/15/85 1,181 IW-4 6/18/97 1,480 IW-5 11/1/81 1,276
IW-4 10/1/85 1,259 IW-4 8/26/97 1,520 IW-5 11/23/81 1,357
IW-4 10/17/85 1,389 IW-4 12/23/97 1,530 IW-5 12/1/81 1,334
IW-4 12/2/85 1,138 IW-4 2/24/98 1,530 IW-5 12/10/81 1,371
IW-4 1/8/86 1,124 IW-4 6/25/98 1,450 IW-5 1/21/82 1,350
IW-4 1/25/86 1,152 IW-4 10/13/99 1,560 IW-5 2/22/82 1,337
IW-4 2/6/86 1,180 IW-4 10/10/00 1,650 IW-5 3/23/82 1,324
IW-4 3/11/86 938 IW-4 10/22/01 1,680 IW-5 3/31/82 1,334
IW-4 3/19/86 1,251 IW-4 4/1/04 1,770 IW-5 4/7/82 1,362
IW-4 4/14/86 1,228 IW-4 6/24/04 1,660 IW-5 4/20/82 1,317
IW-4 6/18/86 1,136 IW-4 9/29/04 1,640 IW-5 5/4/82 1,301
IW-4 6/21/86 1,149 IW-4 12/14/04 1,620 IW-5 5/25/82 1,368
IW-4 7/10/86 1,148 IW-4 3/23/05 1,590 IW-5 6/11/82 1,246
IW-4 8/7/86 1,138 IW-4 9/27/05 1,460 IW-5 6/16/82 1,306
IW-4 10/11/86 1,140 IW-4 1/30/06 1,570 IW-5 7/6/82 1,280
IW-4 11/9/86 1,126 IW-5 10/20/80 1,276 IW-5 7/14/82 1,417
IW-4 12/3/86 1,620 IW-5 10/27/80 1,333 IW-5 1/6/83 1,460
IW-4 1/7/87 1,155 IW-5 11/3/80 1,304 IW-5 1/20/83 1,438
IW-4 2/3/87 1,138 IW-5 11/13/80 1,315 IW-5 2/13/83 1,420
IW-4 11/30/87 1,088 IW-5 11/17/80 1,324 IW-5 4/13/83 1,434
IW-4 1/1/88 1,097 IW-5 12/1/80 1,306 IW-5 6/23/83 1,401
IW-4 2/1/88 1,107 IW-5 12/8/80 1,342 IW-5 7/6/83 1,357
IW-4 5/1/88 1,082 IW-5 12/15/80 1,284 IW-5 7/14/83 1,421
IW-4 6/1/88 1,093 IW-5 12/22/80 1,425 IW-5 7/30/83 1,434
IW-4 8/1/88 1,111 IW-5 12/29/80 1,286 IW-5 8/11/83 1,429
IW-4 9/1/88 1,136 IW-5 1/5/81 1,286 IW-5 8/24/83 1,432
IW-4 11/1/88 1,100 IW-5 1/12/81 1,335 IW-5 11/14/83 1,396
IW-4 4/1/89 1,126 IW-5 1/16/81 1,247 IW-5 3/27/84 1,394
IW-4 7/1/89 1,154 IW-5 1/19/81 1,378 IW-5 5/9/84 1,430
IW-4 10/1/89 1,131 IW-5 2/17/81 1,338 IW-5 5/29/84 1,591
IW-4 1/1/90 1,182 IW-5 2/24/81 1,329 IW-5 6/18/84 1,439
IW-4 1/25/90 1,140 IW-5 3/3/81 1,338 IW-5 7/5/84 1,420
IW-4 4/9/90 1,110 IW-5 3/11/81 1,284 IW-5 8/1/84 1,412
IW-4 7/1/90 1,063 IW-5 3/16/81 1,357 IW-5 10/26/84 1,380
IW-4 10/1/90 1,202 IW-5 4/11/81 1,343 IW-5 5/11/83 1,500
IW-4 10/31/90 1,202 IW-5 4/17/81 1,350 IW-5 5/12/83 1,373
IW-4 10/1/91 1,213 IW-5 4/24/81 1,383 IW-5 6/10/83 1,281
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-5 11/26/84 1,358 IW-5 10/1/91 1,561 IW-6 10/19/81 1,498
IW-5 12/3/84 1,428 IW-5 1/1/92 1,651 IW-6 10/26/81 1,491
IW-5 1/2/85 1,457 IW-5 4/15/92 1,844 IW-6 10/31/81 1,572
IW-5 2/4/85 1,393 IW-5 7/30/92 1,991 IW-6 11/2/81 1,408
IW-5 3/18/85 1,381 IW-5 10/19/92 1,695 IW-6 11/23/81 1,495
IW-5 6/1/85 1,432 IW-5 1/12/93 1,885 IW-6 12/1/81 1,460
IW-5 6/15/85 1,557 IW-5 4/16/93 1,580 IW-6 12/10/81 1,526
IW-5 7/4/85 1,288 IW-5 7/14/94 1,740 IW-6 1/21/82 1,534
IW-5 8/1/85 1,362 IW-5 1/31/95 1,598 IW-6 2/22/82 1,634
IW-5 8/15/85 1,525 IW-5 5/1/95 1,843 IW-6 3/23/82 1,540
IW-5 9/6/85 1,451 IW-5 10/17/95 1,682 IW-6 3/29/82 1,528
IW-5 9/15/85 1,482 IW-5 1/31/96 1,722 IW-6 3/31/82 1,543
IW-5 10/1/85 1,539 IW-5 4/30/96 1,745 IW-6 4/7/82 1,516
IW-5 10/17/85 1,567 IW-5 7/22/96 2,021 IW-6 4/20/82 1,362
IW-5 12/2/85 1,404 IW-5 2/26/97 1,900 IW-6 5/4/82 1,459
IW-5 1/8/86 1,408 IW-5 8/26/97 1,740 IW-6 5/25/82 1,498
IW-5 1/25/86 1,464 IW-5 2/24/98 1,730 IW-6 6/11/82 1,355
IW-5 2/6/86 1,482 IW-5 6/25/98 1,500 IW-6 6/16/82 1,419
IW-5 3/19/86 1,518 IW-5 10/13/99 1,690 IW-6 7/14/82 1,444
IW-5 4/23/86 1,543 IW-5 7/1/03 1,720 IW-6 9/30/82 1,380
IW-5 6/18/86 1,534 IW-5 12/1/03 1,730 IW-6 1/6/83 1,536
IW-5 10/11/86 1,469 IW-5 4/1/04 1,820 IW-6 1/20/83 1,489
IW-5 7/31/87 1,430 IW-5 3/23/05 1,720 IW-6 5/11/83 1,446
IW-5 9/1/87 1,389 IW-6 3/11/81 1,531 IW-6 7/5/83 1,461
IW-5 10/1/87 1,422 IW-6 3/16/81 1,577 IW-6 7/14/83 1,466
IW-5 11/30/87 1,452 IW-6 3/25/81 1,411 IW-6 7/30/83 1,452
IW-5 1/1/88 1,439 IW-6 3/31/81 1,492 IW-6 8/11/83 1,478
IW-5 2/1/88 1,407 IW-6 4/11/81 1,571 IW-6 8/24/83 1,493
IW-5 3/1/88 1,464 IW-6 4/17/81 1,542 IW-6 9/19/83 1,467
IW-5 4/1/88 1,426 IW-6 4/24/81 1,549 IW-6 10/14/83 1,410
IW-5 5/1/88 1,446 IW-6 5/5/81 1,508 IW-6 12/14/83 1,463
IW-5 5/2/88 1,426 IW-6 5/11/81 1,495 IW-6 12/20/83 1,450
IW-5 8/1/88 1,473 IW-6 5/19/81 1,477 IW-6 1/6/84 1,389
IW-5 10/1/88 1,480 IW-6 5/28/81 1,525 IW-6 1/19/84 1,373
IW-5 11/1/88 1,491 IW-6 6/2/81 1,523 IW-6 2/2/84 1,404
IW-5 12/1/88 1,464 IW-6 6/11/81 1,556 IW-6 2/14/84 1,429
IW-5 1/1/89 1,436 IW-6 6/17/81 1,495 IW-6 3/7/84 1,394
IW-5 2/1/89 1,440 IW-6 6/22/81 1,604 IW-6 3/27/84 1,395
IW-5 4/1/89 1,519 IW-6 6/30/81 1,483 IW-6 4/18/84 1,393
IW-5 7/1/89 1,476 IW-6 7/10/81 1,459 IW-6 5/9/84 1,445
IW-5 10/1/89 1,481 IW-6 7/13/81 1,493 IW-6 5/29/84 1,412
IW-5 1/1/90 1,525 IW-6 7/15/81 1,497 IW-6 6/18/84 1,439
IW-5 1/25/90 1,510 IW-6 7/20/81 1,468 IW-6 7/5/84 1,324
IW-5 4/10/90 1,390 IW-6 7/31/81 1,510 IW-6 8/1/84 1,450
IW-5 7/1/90 1,448 IW-6 8/18/81 1,526 IW-6 10/26/84 1,403
IW-5 10/1/90 1,498 IW-6 9/4/81 1,510 IW-6 11/26/84 1,394
IW-5 10/31/90 1,498 IW-6 9/11/81 1,454 IW-6 12/3/84 1,428
IW-5 1/1/91 1,531 IW-6 9/16/81 1,454 IW-6 1/2/85 1,388
IW-5 1/14/91 1,550 IW-6 9/21/81 1,513 IW-6 2/4/85 1,469
IW-5 4/1/91 1,486 IW-6 10/5/81 1,490 IW-6 4/26/85 1,282
IW-5 7/1/91 1,489 IW-6 10/14/81 1,498 IW-6 5/16/85 1,317

H:\78300\DATA\Water Quality\Tables_PDSIdbase_April06\PDSI IW Hydrographs.xls:  Appendix_SulfateData_TblC3 

Page 7 of 13



TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-6 6/1/85 1,557 IW-8 3/19/86 1,284 IW-8 10/10/00 1,770
IW-6 6/15/85 1,446 IW-8 4/14/86 1,457 IW-8 9/16/02 1,910
IW-6 7/4/85 1,356 IW-8 6/2/86 1,366 IW-8 7/1/03 1,810
IW-6 10/17/85 1,462 IW-8 6/18/86 1,358 IW-8 11/3/03 1,820
IW-6 12/2/85 1,523 IW-8 7/10/86 1,419 IW-8 12/1/03 1,820
IW-6 1/8/86 1,473 IW-8 8/7/86 1,396 IW-8 3/31/04 1,830
IW-6 1/25/86 1,536 IW-8 1/7/87 1,500 IW-8 6/24/04 1,840
IW-6 2/6/86 1,552 IW-8 2/3/87 1,548 IW-8 9/29/04 1,840
IW-6 6/2/86 1,524 IW-8 5/1/87 1,498 IW-8 12/14/04 1,830
IW-6 5/1/88 1,597 IW-8 1/1/88 1,465 IW-8 3/23/05 1,810

IW-6a 2/26/97 1,790 IW-8 2/1/88 1,443 IW-8 6/10/05 1,760
IW-6a 4/1/97 1,800 IW-8 3/1/88 1,504 IW-8 9/14/05 1,770
IW-6a 10/10/00 1,900 IW-8 4/1/88 1,260 IW-8 12/7/05 1,790
IW-6a 10/26/01 1,930 IW-8 5/1/88 1,427 IW-9 3/11/86 1,172
IW-6a 4/1/04 1,870 IW-8 5/2/88 1,260 IW-9 3/19/86 1,110
IW-6a 6/25/04 1,870 IW-8 6/1/88 1,417 IW-9 4/14/86 1,212
IW-6a 9/29/04 1,810 IW-8 7/1/88 1,319 IW-9 6/1/87 1,264
IW-6a 12/14/04 1,850 IW-8 8/1/88 1,524 IW-9 7/31/87 1,166
IW-6a 3/23/05 1,850 IW-8 9/1/88 1,520 IW-9 9/1/87 1,194
IW-6a 6/7/05 1,780 IW-8 11/1/88 1,466 IW-9 11/30/87 1,217
IW-6a 12/9/05 1,790 IW-8 12/1/88 1,441 IW-9 1/1/88 1,262
IW-7 1/16/80 253 IW-8 2/1/89 1,455 IW-9 2/1/88 1,262
IW-7 3/19/81 218 IW-8 4/1/89 1,456 IW-9 3/1/88 1,227
IW-7 3/25/81 234 IW-8 7/1/89 1,404 IW-9 4/1/88 1,204
IW-7 3/31/81 202 IW-8 10/1/89 1,385 IW-9 5/1/88 1,159
IW-7 4/11/81 356 IW-8 4/10/90 1,274 IW-9 5/2/88 1,201
IW-7 4/14/81 247 IW-8 10/1/90 1,367 IW-9 7/1/88 1,262
IW-7 5/28/81 263 IW-8 10/18/90 1,367 IW-9 8/1/88 1,244
IW-7 6/2/81 260 IW-8 1/1/91 1,431 IW-9 9/1/88 1,251
IW-7 6/11/81 285 IW-8 1/14/91 1,400 IW-9 12/1/88 1,254
IW-7 6/17/81 262 IW-8 4/1/91 1,395 IW-9 1/1/89 1,199
IW-7 7/10/81 267 IW-8 7/1/91 1,339 IW-9 10/1/89 1,256
IW-7 7/13/81 258 IW-8 10/1/91 1,306 IW-9 1/1/90 1,347
IW-7 7/15/81 260 IW-8 1/1/92 1,359 IW-9 1/22/90 1,390
IW-7 7/20/81 272 IW-8 4/15/92 1,656 IW-9 4/9/90 1,270
IW-7 9/11/81 249 IW-8 7/30/92 1,564 IW-9 7/1/90 1,241
IW-7 9/16/81 240 IW-8 10/19/92 1,625 IW-9 10/1/90 1,321
IW-7 9/21/81 229 IW-8 4/16/93 1,350 IW-9 10/31/90 1,321
IW-7 1/21/82 268 IW-8 7/14/94 1,416 IW-9 1/1/91 1,376
IW-7 2/22/82 281 IW-8 10/24/94 1,449 IW-9 1/16/91 1,530
IW-7 3/31/82 251 IW-8 1/31/95 1,376 IW-9 4/1/91 1,350
IW-7 4/20/82 297 IW-8 5/1/95 1,450 IW-9 7/1/91 1,246
IW-7 1/6/83 372 IW-8 10/17/95 1,389 IW-9 10/1/91 1,258
IW-7 1/20/83 370 IW-8 1/31/96 1,555 IW-9 1/1/92 1,327
IW-7 2/13/83 382 IW-8 4/30/96 1,564 IW-9 4/15/92 1,460
IW-7 3/25/83 351 IW-8 7/22/96 1,769 IW-9 7/30/92 1,397
IW-7 4/13/83 333 IW-8 2/26/97 1,590 IW-9 10/19/92 1,574
IW-7 5/11/83 340 IW-8 6/18/97 1,490 IW-9 1/12/93 1,219
IW-7 5/12/83 356 IW-8 8/26/97 1,550 IW-9 4/16/93 1,320
IW-7 6/23/83 364 IW-8 12/23/97 1,590 IW-9 10/24/94 1,261
IW-8 3/11/86 1,043 IW-8 2/24/98 1,490 IW-9 1/31/95 1,195
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-9 10/17/95 1,225 IW-10 9/16/02 1,790 IW-11 11/3/03 1,740
IW-9 1/31/96 1,457 IW-10 7/1/03 1,620 IW-11 12/1/03 1,710
IW-9 4/30/96 1,435 IW-10 3/23/05 1,700 IW-11 4/1/04 1,840
IW-9 7/1/03 1,650 IW-10 9/14/05 1,670 IW-11 6/24/04 1,700
IW-9 11/3/03 1,630 IW-11 3/11/86 1,572 IW-11 9/29/04 1,710
IW-9 12/1/03 1,640 IW-11 4/14/86 1,622 IW-11 12/14/04 1,730
IW-9 3/31/04 1,690 IW-11 6/2/86 1,630 IW-11 3/23/05 1,690
IW-9 6/24/04 1,690 IW-11 6/18/86 1,610 IW-11 6/10/05 1,640
IW-9 9/29/04 1,700 IW-11 7/10/86 1,612 IW-11 9/14/05 1,690
IW-9 12/14/04 1,680 IW-11 8/4/86 1,605 IW-11 12/9/05 1,700
IW-9 3/23/05 1,670 IW-11 10/11/86 1,473 IW-11 1/30/06 1,700
IW-9 9/14/05 1,450 IW-11 11/9/86 1,712 IW-12 2/26/97 1,380
IW-9 12/8/05 1,210 IW-11 12/3/86 1,460 IW-12 4/1/97 1,620

IW-10 3/14/86 1,182 IW-11 1/7/87 1,624 IW-12 6/18/97 1,520
IW-10 3/19/86 1,538 IW-11 2/3/87 1,650 IW-12 12/23/97 1,560
IW-10 4/14/86 1,651 IW-11 5/1/87 1,638 IW-12 2/24/98 1,420
IW-10 6/2/86 1,523 IW-11 7/31/87 1,619 IW-12 6/29/98 1,630
IW-10 7/10/86 1,548 IW-11 9/1/87 1,620 IW-12 10/10/00 1,640
IW-10 8/4/86 1,498 IW-11 5/1/88 1,576 IW-12 7/1/03 1,660
IW-10 10/11/86 1,673 IW-11 9/1/88 1,773 IW-12 11/3/03 1,610
IW-10 6/1/87 1,638 IW-11 11/1/88 1,599 IW-12 12/1/03 1,670
IW-10 7/31/87 1,526 IW-11 12/1/88 1,620 IW-12 12/14/04 1,600
IW-10 9/1/87 1,519 IW-11 1/1/89 1,596 IW-12 3/23/05 1,510
IW-10 1/1/88 1,552 IW-11 4/1/89 1,668 IW-12 6/7/05 1,350
IW-10 2/1/88 1,552 IW-11 7/1/89 1,040 IW-12 10/20/05 1,460
IW-10 9/1/88 1,627 IW-11 10/1/89 1,645 IW-12 4/24/06 1,560
IW-10 12/1/88 1,536 IW-11 1/1/90 1,702 IW-13 2/26/97 1,740
IW-10 1/1/89 1,518 IW-11 1/23/90 1,650 IW-13 6/18/97 1,560
IW-10 10/1/89 1,555 IW-11 4/10/90 1,570 IW-13 2/24/98 1,770
IW-10 1/1/90 1,620 IW-11 7/1/90 1,638 IW-13 6/29/98 1,620
IW-10 10/1/90 1,543 IW-11 10/31/90 1,638 IW-13 11/3/03 1,700
IW-10 10/31/90 1,543 IW-11 1/1/91 1,692 IW-13 12/1/03 1,790
IW-10 1/1/91 1,636 IW-11 1/14/91 1,780 IW-13 4/1/04 1,710
IW-10 1/14/91 1,760 IW-11 4/1/91 1,692 IW-13 9/29/04 1,740
IW-10 4/1/91 1,593 IW-11 7/1/91 1,646 IW-13 12/10/04 1,680
IW-10 7/1/91 1,557 IW-11 1/1/92 1,697 IW-13 3/23/05 1,700
IW-10 10/1/91 1,546 IW-11 4/15/92 1,890 IW-13 6/7/05 1,710
IW-10 4/15/92 1,730 IW-11 7/30/92 1,946 IW-13 9/14/05 1,690
IW-10 1/12/93 1,761 IW-11 10/19/92 1,757 IW-13 4/24/06 1,800
IW-10 4/16/93 1,760 IW-11 1/12/93 1,970 IW-14 2/26/97 1,710
IW-10 7/14/94 1,854 IW-11 4/16/93 1,730 IW-14 6/18/97 1,530
IW-10 10/24/94 1,775 IW-11 7/14/94 1,795 IW-14 8/26/97 1,620
IW-10 5/1/95 1,843 IW-11 1/31/95 1,658 IW-14 12/23/97 1,620
IW-10 10/17/95 1,865 IW-11 5/1/95 2,013 IW-14 2/24/98 1,720
IW-10 1/31/96 1,992 IW-11 10/17/95 1,893 IW-14 6/29/98 1,640
IW-10 4/30/96 1,833 IW-11 4/1/97 1,770 IW-14 10/10/00 1,750
IW-10 8/26/97 1,790 IW-11 8/27/97 1,660 IW-14 10/25/01 1,830
IW-10 2/24/98 1,810 IW-11 10/13/99 1,640 IW-14 6/25/04 1,860
IW-10 6/29/98 1,770 IW-11 10/10/00 1,780 IW-14 9/30/04 1,850
IW-10 10/10/00 1,730 IW-11 9/16/02 2,080 IW-14 3/21/05 1,850
IW-10 10/26/01 1,770 IW-11 7/1/03 1,740 IW-14 6/7/05 1,800
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

IW-14 9/14/05 1,820 IW-19 10/25/01 1,570 IW-21 12/12/05 1,530
IW-14 12/9/05 1,820 IW-19 4/1/04 1,520 IW-21 1/24/06 1,600
IW-14 2/1/06 1,800 IW-19 6/29/04 1,540 IW-21 4/26/06 1,560
IW-15 2/26/97 1,490 IW-19 9/30/04 1,530 IW-22 1/15/04 1,720
IW-15 6/18/97 1,360 IW-19 12/6/04 1,520 IW-22 6/24/05 1,830
IW-15 8/26/97 1,590 IW-19 3/21/05 1,720 IW-22 9/14/05 1,650
IW-15 12/23/97 1,470 IW-19 6/7/05 1,530 IW-22 12/12/05 1,680
IW-15 2/24/98 1,500 IW-19 9/14/05 1,570 IW-22 1/30/06 1,680
IW-15 6/29/98 1,540 IW-19 12/12/05 1,550 IW-23 2/14/04 1,820
IW-15 10/13/99 1,480 IW-19 1/24/06 1,590 IW-23 6/24/05 1,550
IW-15 10/10/00 1,720 IW-19 4/26/06 1,580 IW-23 9/16/05 1,600
IW-15 11/3/03 1,760 IW-20 2/26/97 1,060 IW-23 12/8/05 1,610
IW-15 9/30/04 1,730 IW-20 6/19/97 1,080 IW-23 1/24/06 1,650
IW-15 3/23/05 1,530 IW-20 8/28/97 1,060 IW-24 1/25/04 1,680
IW-15 6/7/05 1,670 IW-20 12/23/97 1,140 IW-24 6/24/05 1,770
IW-15 9/14/05 1,930 IW-20 2/24/98 1,150 IW-24 9/14/05 1,680
IW-16 6/18/97 1,380 IW-20 6/30/98 1,160 IW-24 12/12/05 1,660
IW-16 8/27/97 1,350 IW-20 10/13/99 1,310 MH-1 2/22/80 110
IW-16 12/23/97 1,500 IW-20 10/10/00 1,450 MH-1 3/20/80 240
IW-16 2/24/98 1,540 IW-20 9/16/02 1,440 MH-1 4/16/80 115
IW-16 6/29/98 1,630 IW-20 7/1/03 1,490 MH-1 6/19/80 123
IW-17 2/26/97 1,350 IW-20 8/1/03 1,590 MH-1 7/24/80 133
IW-17 6/18/97 1,320 IW-20 11/3/03 1,470 MH-1 10/3/80 142
IW-17 8/27/97 1,250 IW-20 4/1/04 1,530 MH-1 12/15/80 144
IW-17 12/23/97 1,330 IW-20 6/25/04 1,530 MH-1 1/19/81 144
IW-17 2/24/98 1,330 IW-20 9/30/04 1,530 MH-1 2/27/81 158
IW-17 6/30/98 1,310 IW-20 12/14/04 1,520 MH-1 3/27/81 174
IW-17 10/13/99 1,440 IW-20 3/21/05 1,570 MH-1 5/26/81 214
IW-17 10/10/00 1,520 IW-20 6/7/05 1,540 MH-1 6/12/81 196
IW-17 10/25/01 1,600 IW-20 9/14/05 1,600 MH-1 8/13/81 181
IW-17 4/1/04 1,630 IW-20 12/12/05 1,580 MH-1 9/21/81 185
IW-17 6/25/04 1,520 IW-20 1/24/06 1,570 MH-1 12/10/81 256
IW-17 9/30/04 1,530 IW-20 4/26/06 1,600 MH-1 1/26/82 236
IW-17 12/10/04 1,530 IW-21 2/26/97 890 MH-1 2/21/82 283
IW-17 6/7/05 1,480 IW-21 6/19/97 890 MH-1 2/23/82 211
IW-18 2/26/97 1,460 IW-21 8/28/97 930 MH-1 3/25/82 217
IW-18 6/18/97 1,440 IW-21 12/23/97 1,060 MH-1 4/27/82 240
IW-18 8/27/97 1,400 IW-21 2/24/98 1,080 MH-1 5/26/82 214
IW-18 12/23/97 1,480 IW-21 6/30/98 1,070 MH-1 6/23/82 237
IW-18 2/24/98 1,420 IW-21 10/12/99 1,180 MH-1 7/27/82 242
IW-18 6/30/98 1,370 IW-21 10/10/00 1,400 MH-1 8/26/82 256
IW-18 4/1/04 1,640 IW-21 10/25/01 1,390 MH-1 9/30/82 245
IW-18 6/29/04 1,590 IW-21 9/16/02 1,350 MH-1 11/2/82 270
IW-18 9/30/04 1,620 IW-21 7/1/03 1,400 MH-1 11/30/82 272
IW-18 3/23/05 1,560 IW-21 8/1/03 1,410 MH-1 1/19/83 282
IW-18 6/7/05 1,500 IW-21 11/3/03 1,440 MH-1 5/25/83 305
IW-18 4/26/06 1,600 IW-21 10/1/04 1,560 MH-1 6/22/83 314
IW-19 2/26/97 1,160 IW-21 12/3/04 1,500 MH-1 7/20/83 314
IW-19 12/23/97 1,270 IW-21 3/21/05 1,530 MH-1 8/24/83 301
IW-19 2/24/98 1,260 IW-21 6/7/05 1,480 MH-1 9/22/83 305
IW-19 10/13/99 1,330 IW-21 9/14/05 1,520 MH-1 11/8/83 323
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

MH-1 12/14/83 286 MH-1 10/1/89 546 MH-3 6/23/82 415
MH-1 1/23/84 300 MH-1 1/1/90 640 MH-3 7/27/82 453
MH-1 3/14/84 271 MH-1 1/24/90 552 MH-3 8/26/82 474
MH-1 5/17/84 312 MH-1 4/24/90 463 MH-3 9/30/82 437
MH-1 6/28/84 324 MH-1 7/1/90 502 MH-3 11/2/82 464
MH-1 9/19/84 296 MH-1 12/1/90 490 MH-3 11/30/82 432
MH-1 10/26/84 311 MH-1 12/4/90 490 MH-3 1/19/83 443
MH-1 11/14/84 297 MH-1 1/1/91 613 MH-3 3/21/83 438
MH-1 12/24/84 309 MH-1 1/24/91 472 MH-3 5/25/83 449
MH-1 1/29/85 320 MH-1 5/1/91 519 MH-3 6/22/83 427
MH-1 2/20/85 329 MH-1 7/1/91 530 MH-3 9/22/83 456
MH-1 5/21/85 243 MH-1 10/1/91 538 MH-3 11/8/83 449
MH-1 7/19/85 321 MH-1 1/1/92 542 MH-3 12/14/83 424
MH-1 8/17/85 362 MH-1 1/17/92 498 MH-3 1/23/84 478
MH-1 10/22/85 392 MH-1 6/8/92 670 MH-3 3/14/84 412
MH-1 12/23/85 366 MH-1 8/12/92 791 MH-3 5/17/84 463
MH-1 1/25/86 347 MH-1 11/11/92 602 MH-3 6/28/84 468
MH-1 2/14/86 329 MH-1 4/1/93 565 MH-3 9/19/84 520
MH-1 3/20/86 336 MH-1 12/9/93 581 MH-3 10/26/84 611
MH-1 4/23/86 400 MH-1 3/29/94 694 MH-3 11/14/84 565
MH-1 6/24/86 424 MH-1 6/24/94 663 MH-3 12/24/84 558
MH-1 7/29/86 395 MH-1 9/27/94 732 MH-3 1/29/85 595
MH-1 8/19/86 389 MH-1 12/15/94 769 MH-3 2/20/85 498
MH-1 10/17/86 400 MH-1 3/31/95 717 MH-3 5/21/85 434
MH-1 11/25/86 431 MH-1 9/27/95 608 MH-3 7/19/85 552
MH-1 12/30/86 390 MH-1 12/19/95 454 MH-3 8/17/85 652
MH-1 1/22/87 486 MH-1 3/31/96 407 MH-3 9/17/85 704
MH-1 2/19/87 425 MH-1 6/24/97 270 MH-3 10/22/85 638
MH-1 4/21/87 485 MH-1 12/30/97 120 MH-3 12/23/85 663
MH-1 6/25/87 531 MH-1 2/26/98 110 MH-3 1/20/86 649
MH-1 7/29/87 364 MH-1 4/4/01 1,110 MH-3 2/14/86 643
MH-1 8/19/87 443 MH-1 12/3/04 1,470 MH-3 3/20/86 816
MH-1 9/16/87 413 MH-1 12/12/05 1,530 MH-3 4/23/86 751
MH-1 10/13/87 444 MH-3 1/25/80 442 MH-3 6/24/86 683
MH-1 11/25/87 477 MH-3 3/24/80 441 MH-3 7/29/86 743
MH-1 1/6/88 446 MH-3 6/19/80 387 MH-3 8/19/86 533
MH-1 1/21/88 402 MH-3 10/6/80 400 MH-3 9/30/86 742
MH-1 2/1/88 668 MH-3 12/18/80 480 MH-3 10/17/86 769
MH-1 3/1/88 442 MH-3 1/28/81 455 MH-3 11/25/86 802
MH-1 4/1/88 416 MH-3 3/27/81 403 MH-3 12/30/86 751
MH-1 5/1/88 441 MH-3 4/24/81 547 MH-3 1/22/87 795
MH-1 5/26/88 441 MH-3 5/26/81 422 MH-3 2/19/87 706
MH-1 7/1/88 553 MH-3 6/12/81 387 MH-3 4/21/87 733
MH-1 8/1/88 431 MH-3 8/13/81 425 MH-3 5/21/87 697
MH-1 9/1/88 482 MH-3 9/21/81 412 MH-3 6/25/87 704
MH-1 10/1/88 524 MH-3 12/10/81 434 MH-3 7/29/87 701
MH-1 11/1/88 492 MH-3 2/21/82 451 MH-3 8/19/87 675
MH-1 12/1/88 437 MH-3 2/23/82 421 MH-3 9/16/87 658
MH-1 1/1/89 475 MH-3 3/25/82 456 MH-3 10/13/87 682
MH-1 4/1/89 428 MH-3 4/27/82 463 MH-3 11/25/87 683
MH-1 7/1/89 483 MH-3 5/26/82 430 MH-3 1/1/88 682
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

MH-3 1/6/88 628 MH-4 5/26/80 1,299 MH-4 4/21/87 1,504
MH-3 1/21/88 682 MH-4 6/24/80 1,259 MH-4 5/21/87 1,576
MH-3 2/1/88 425 MH-4 9/23/80 1,230 MH-4 6/25/87 1,625
MH-3 3/1/88 700 MH-4 12/30/80 1,321 MH-4 7/29/87 1,601
MH-3 4/1/88 680 MH-4 1/28/81 1,273 MH-4 8/19/87 1,679
MH-3 5/1/88 749 MH-4 3/27/81 1,348 MH-4 9/16/87 1,583
MH-3 5/26/88 749 MH-4 4/24/81 1,378 MH-4 10/13/87 1,604
MH-3 7/1/88 766 MH-4 5/26/81 1,396 MH-4 11/25/87 1,666
MH-3 8/1/88 705 MH-4 6/12/81 1,370 MH-4 1/1/88 1,686
MH-3 9/1/88 764 MH-4 8/13/81 1,648 MH-4 1/6/88 1,650
MH-3 10/1/88 751 MH-4 9/21/81 1,432 MH-4 1/21/88 1,686
MH-3 11/1/88 744 MH-4 12/10/81 1,404 MH-4 2/1/88 1,647
MH-3 12/1/88 742 MH-4 2/23/82 1,416 MH-4 4/1/88 1,671
MH-3 1/1/89 732 MH-4 3/25/82 1,383 MH-4 5/1/88 1,712
MH-3 2/1/89 793 MH-4 4/27/82 1,329 MH-4 5/26/88 1,751
MH-3 4/1/89 752 MH-4 5/26/82 1,230 MH-4 7/1/88 1,748
MH-3 7/1/89 763 MH-4 6/23/82 1,261 MH-4 8/1/88 1,763
MH-3 10/1/89 736 MH-4 7/27/82 1,411 MH-4 9/1/88 1,719
MH-3 1/1/90 873 MH-4 8/26/82 1,327 MH-4 10/1/88 1,733
MH-3 1/16/90 1,020 MH-4 9/30/82 1,316 MH-4 11/1/88 1,756
MH-3 4/23/90 897 MH-4 11/2/82 1,425 MH-4 12/1/88 1,701
MH-3 7/1/90 918 MH-4 11/30/82 1,406 MH-4 1/1/89 1,675
MH-3 12/1/90 949 MH-4 12/21/82 1,439 MH-4 2/1/89 1,685
MH-3 12/4/90 949 MH-4 1/19/83 1,421 MH-4 7/1/89 1,687
MH-3 1/1/91 957 MH-4 3/21/83 1,371 MH-4 1/1/90 1,678
MH-3 1/23/91 926 MH-4 5/25/83 1,366 MH-4 1/16/90 1,750
MH-3 5/1/91 976 MH-4 6/22/83 1,339 MH-4 4/19/90 1,593
MH-3 7/1/91 934 MH-4 10/26/84 1,124 MH-4 7/1/90 1,598
MH-3 10/1/91 937 MH-4 11/14/84 1,082 MH-4 12/1/90 1,488
MH-3 1/1/92 966 MH-4 12/24/84 1,090 MH-4 12/4/90 1,488
MH-3 6/5/92 1,130 MH-4 1/29/85 1,124 MH-4 1/1/91 1,551
MH-3 8/12/92 1,443 MH-4 2/20/85 1,173 MH-4 1/23/91 1,540
MH-3 11/10/92 913 MH-4 5/21/85 1,054 MH-4 5/1/91 1,622
MH-3 4/1/93 948 MH-4 7/19/85 1,156 MH-4 7/1/91 1,544
MH-3 12/9/93 860 MH-4 8/17/85 1,231 MH-4 10/1/91 1,523
MH-3 3/25/94 933 MH-4 9/17/85 1,235 MH-4 1/1/92 1,519
MH-3 6/24/94 576 MH-4 10/22/85 1,189 MH-4 1/17/92 1,456
MH-3 9/26/94 884 MH-4 12/23/85 1,189 MH-4 6/5/92 1,843
MH-3 3/31/95 758 MH-4 1/20/86 1,189 MH-4 8/12/92 1,969
MH-3 9/27/95 823 MH-4 2/14/86 1,162 MH-4 11/11/92 1,879
MH-3 12/19/95 765 MH-4 3/20/86 1,422 MH-4 4/1/93 1,700
MH-3 3/31/96 769 MH-4 4/23/86 1,304 MH-4 12/9/93 1,127
MH-3 6/25/97 440 MH-4 6/24/86 1,412 MH-4 3/25/94 1,180
MH-3 9/30/97 460 MH-4 7/29/86 1,465 MH-4 9/26/94 1,270
MH-3 12/30/97 1,030 MH-4 8/19/86 1,492 MH-4 3/30/95 1,207
MH-3 3/31/98 1,120 MH-4 9/30/86 1,501 MH-4 9/27/95 1,321
MH-3 4/4/01 1,650 MH-4 10/17/86 1,533 MH-4 12/19/95 1,321
MH-3 12/6/04 1,660 MH-4 11/25/86 1,552 MH-4 3/31/96 1,247
MH-4 2/4/80 1,288 MH-4 12/30/86 1,570 MH-4 6/25/97 1,260
MH-4 3/24/80 1,233 MH-4 1/22/87 1,564 MH-4 9/23/97 1,650
MH-4 4/17/80 1,156 MH-4 2/19/87 1,490 MH-4 12/30/97 1,860
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TABLE C.3
Interceptor Wellfield Sulfate Concentrations

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

Well 
Name

Sample 
Date

Sulfate 
(mg/L)

MH-4 3/31/98 1,850 MH-5 10/22/85 1,715 MH-5 1/1/92 1,486
MH-4 4/5/01 2,090 MH-5 12/23/85 1,793 MH-5 1/15/92 1,389
MH-5 1/22/80 1,770 MH-5 1/20/86 1,775 MH-5 6/5/92 1,761
MH-5 3/24/80 1,630 MH-5 2/14/86 1,453 MH-5 11/10/92 1,858
MH-5 4/18/80 1,420 MH-5 4/23/86 1,454 MH-5 4/1/93 1,940
MH-5 5/22/80 1,630 MH-5 6/24/86 1,535 MH-5 12/9/93 1,712
MH-5 6/23/80 1,535 MH-5 7/29/86 1,589 MH-5 3/25/94 1,840
MH-5 7/22/80 1,274 MH-5 8/19/86 1,638 MH-5 6/24/94 1,910
MH-5 9/22/80 1,526 MH-5 9/30/86 1,394 MH-5 9/26/94 1,852
MH-5 12/30/80 1,637 MH-5 10/17/86 1,740 MH-5 12/15/94 1,934
MH-5 1/29/81 1,707 MH-5 11/25/86 1,732 MH-5 3/30/95 1,864
MH-5 2/24/81 1,696 MH-5 12/30/86 1,701 MH-5 9/27/95 1,775
MH-5 3/27/81 1,706 MH-5 1/22/87 1,696 MH-5 12/19/95 1,846
MH-5 4/24/81 1,699 MH-5 2/19/87 1,646 MH-5 3/31/96 1,798
MH-5 6/12/81 1,675 MH-5 4/21/87 1,699 MH-5 4/1/97 1,850
MH-5 8/13/81 1,431 MH-5 5/21/87 1,531 MH-5 6/25/97 1,970
MH-5 9/18/81 1,668 MH-5 6/25/87 1,416 MH-5 9/30/97 1,750
MH-5 12/10/81 1,704 MH-5 7/29/87 1,811 MH-5 12/29/97 1,810
MH-5 2/23/82 1,615 MH-5 8/19/87 1,780 MH-5 3/31/98 1,940
MH-5 3/25/82 1,522 MH-5 9/16/87 1,759 MH-5 4/5/01 1,980
MH-5 5/26/82 1,475 MH-5 10/13/87 1,566 MH-5 12/12/05 1,900
MH-5 6/23/82 1,600 MH-5 11/25/87 1,518
MH-5 7/27/82 1,638 MH-5 1/1/88 1,634
MH-5 8/26/82 1,503 MH-5 1/6/88 1,619
MH-5 9/30/82 1,537 MH-5 1/21/88 1,634
MH-5 11/2/82 1,581 MH-5 2/1/88 1,407
MH-5 11/30/82 1,629 MH-5 3/1/88 1,472
MH-5 12/21/82 1,625 MH-5 4/1/88 1,605
MH-5 1/19/83 1,664 MH-5 5/1/88 1,558
MH-5 3/21/83 1,622 MH-5 5/26/88 1,558
MH-5 5/25/83 1,683 MH-5 7/1/88 1,640
MH-5 6/22/83 1,733 MH-5 8/1/88 1,650
MH-5 8/24/83 1,739 MH-5 9/1/88 1,571
MH-5 9/22/83 1,654 MH-5 10/1/88 1,813
MH-5 11/8/83 1,641 MH-5 11/1/88 1,716
MH-5 12/14/83 1,435 MH-5 12/1/88 1,768
MH-5 1/23/84 1,725 MH-5 1/1/89 1,736
MH-5 3/14/84 1,454 MH-5 2/1/89 1,702
MH-5 5/17/84 1,687 MH-5 4/1/89 1,317
MH-5 6/28/84 1,595 MH-5 10/1/89 1,424
MH-5 9/19/84 1,615 MH-5 1/1/90 1,470
MH-5 10/26/84 1,692 MH-5 1/10/90 1,286
MH-5 11/14/84 1,684 MH-5 4/19/90 1,245
MH-5 12/24/84 1,184 MH-5 7/1/90 1,151
MH-5 1/21/85 1,674 MH-5 12/1/90 1,518
MH-5 2/20/85 1,498 MH-5 12/4/90 1,518
MH-5 5/1/85 1,114 MH-5 1/1/91 1,358
MH-5 5/21/85 1,609 MH-5 1/23/91 1,311
MH-5 7/19/85 1,592 MH-5 4/1/91 1,569
MH-5 8/17/85 1,206 MH-5 7/1/91 1,466
MH-5 9/17/85 1,218 MH-5 10/1/91 1,484
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ACRONYM AND ABBREVIATION LIST 
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CROSS-REFERENCE OF QUALITY ASSURANCE ELEMENTS 

 

 The following table contains a cross reference between this document and the elements 

specified by the Arizona Department of Environmental Quality (ADEQ) in its Quality Assurance 

Project Plan Review, based on the U.S. Environmental Protection Agency (EPA) Requirements 

for Quality Assurance Plans for Environmental Data Operations,  EPA QA/R-5 (EPA, 2001a).   

 
 

QUALITY ASSURANCE /R-5 ELEMENTS COMMENT ADDRESSED 
IN THIS QAPP A1, Title and Approval Sheet  Cover, Pg. i 

A2, Table of Contents  Pg. vii 
A3, Distribution List  Pg. i  
A4, Project Organization  Section 2, Figure 1 
A5, Problem Definition/Background  Section 1.1 
A6, Project/Task Description  Section 1.1 
A7, Quality Objectives and Criteria for Measurement Data  Section 3 
A8, Special Training/Certification  Sections 4.1, 5.1 
A9, Documentation and Records   Sections 4.6, 5.7 
B1, Sampling Process Design   Sections 4.2, 4.3 
B2, Sampling Methods Requirements  Sections 4.2, 4.3 
B3, Sample Handling and Custody Requirements  Sections 4.2.3, 5.2  
B4, Analytical Methods Requirements  Section 5.3 
B5, Quality Control Requirements  Sections 4.2.1.5, 5.4 
B6, Instrument/Equipment Testing, Inspection, and Maintenance 
Requirements 

 Sections 4.5., 5.5 
B7, Instrument/Equipment Calibration and Frequency  Sections 4.5, 5.5 
B8, Inspection/Acceptance of Supplies and Consumables  Sections 4.5 
B9, Data Acquisition for Non-Direct Measurements  N/A   
B10, Data Management  Section 6 
C1, Assessments and Response Actions   Sections 4.7, 5.7, 6.4 
C2, Reports to Management  Sections 5.6, 6.4 
D1, Data Review, Verification, and Validation  Section 6.2 
D2, Verifications and Validation Methods  Section 6.2 
D3, Reconciliation with User Requirements  Section 6.2 
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1. INTRODUCTION 
 

 This Quality Assurance Project Plan (QAPP) describes the quality assurance levels and 

procedures for field operations and the associated laboratory and data management activities that 

will be conducted for the Aquifer Characterization Plan (ACP) contained in the Work Plan to 

Characterize and Mitigate Sulfate with Respect to Drinking Water Supplies in the Vicinity of the 

Phelps Dodge Sierrita Tailing Impoundment, Pima County, Arizona (Work Plan).  The Work 

Plan was developed pursuant to Mitigation Order on Consent Docket No. P-50-06 (MO) between 

Phelps Dodge Sierrita, Inc. (PDSI) and the Arizona Department of Environmental Quality 

(ADEQ).  Section III.A.2 of the MO states that a QAPP, with a schedule for implementation, 

will be provided with the Work Plan.  Components of the QAPP are to define, “the sulfate plume 

characterization and assessment objectives,” and describe “the methods, organization, analyses, 

and quality assurance and quality control” needed to meet the objectives of the Work Plan.   

Hydro Geo Chem, Inc. (HGC) prepared this QAPP on behalf of PDSI.   

 

1.1 Background and Project Description 
 

 The Phelps Dodge Sierrita Tailing Impoundment (PDSTI) is one of several tailing 

impoundments in the Pima mining district.  It is located approximately 25 miles south of Tucson 

and 2 miles east of Green Valley in Pima County, Arizona.  In the 1970s, groundwater in the 

vicinity of PDSTI and other tailing impoundme nts in the Pima mining district was found to 
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contain elevated concentrations of sulfate.  The origin of the sulfate was identified as the seepage 

from various tailing impoundments into the underlying aquifer.   

 

 Groundwater sampling in the Green Valley area has identified a groundwater plume with 

sulfate concentrations exceeding 250 milligrams per liter (mg/L).  The zone of elevated sulfate 

extends from the base of the PDSTI northeastward to the western edge of Green Valley and 

northward to approximately Duval Mine Road.   

 

In June 2006, PDSI and ADEQ entered into the MO to address sulfate attributable to the 

PDSTI.  To meet the MO requirements, the Work Plan proposes an ACP and a Feasibility Study 

(FS) for the sulfate mitigation.  The ACP will determine the nature, extent, fate, and transport of 

sulfate in groundwater and will gather information needed to develop mitigation action 

alternatives for drinking water supplies consistent with the MO.  This QAPP pertains to data 

collection activities for the ACP for use in characterizing the sulfate plume and conducting the 

FS.   

 

1.2 Quality Assurance Project Plan Overview 
 

 Quality assurance (QA) is a planned, systematic set of activities designed to ensure that a 

product or service meets defined standards of quality within a stated level of confidence.  Quality 

control (QC) is the routine application of procedures for obtaining prescribed performance 

standards for monitoring and measuring.  This QAPP provides the QA/QC procedures needed to 

provide confidence that the data generated during ACP activities are appropriate for their 
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intended use, are legally defensible, and are of sufficient quality to support decisions concerning 

characterization of sulfate in groundwater and development of the Mitigation Plan.  The QA/QC 

program described in this QAPP covers procedures to be followed for field activities, sample 

handling, chain-of-custody (COC) documentation, laboratory analyses, and data management.   

  

Portions of the groundwater sampling described in the ACP will be conducted by PDSI as 

part of their routine monitoring activities.  The sampling protocols and QA/QC procedures for 

data collected by PDSI will be governed by the Quality Assurance/Quality Control Plan for 

Water Monitoring, Phelps Dodge Sierrita, Inc. (PDSI, 2005a) and Standard Operating 

Procedures - Water and Environmental Sample Collection, Phelps Dodge Sierrita (PDSI, 2005b) 

which are provided in Appendix A.  QA of data collected under the direction of HGC will be 

governed by this QAPP.  This QAPP is designed to be generally consistent with PDSI (2005a) 

and PDSI (2005b) and the following documents: 

 

• EPA Guidance for Quality Assurance Project Plans, EPA/240/R-02/009. 
(EPA, 2002a),  

 
• Guidance on Systematic Planning Using the Data Quality Objective Processes, 

EPA/540/B-06/001. (EPA, 2006).  
 

• EPA Contract Laboratory Program National Functional Guidelines for Inorganic 
Data Review, Final (EPA, 2004).  

 
• ADEQ Quality Management Plan, EQR00-01. (ADEQ, 1999).   
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1.3 Quality Assurance Project Plan Distribution 
 

 The HGC QA Manager is responsible for ensuring that each project member has access 

to the most current version of the QAPP, including all subsequent addenda or revisions.  The 

project members include, but may not be limited to, all individuals named on the signature page 

of this QAPP and all subcontractors performing field operations and laboratory analyses.  The 

QAPP will be reviewed yearly by the HGC Project Manager to address any changes in data 

collection requirements.  If revisions are made to the QAPP, they will be made under the 

direction of the HGC Project Manager and a revised document will be issued a sequential 

revision number and a new signature page.   

 

1.4 Quality Assurance Project Plan Organization 
 

 This QAPP begins by describing the project organization and QA responsibilities for 

ACP activities (Section 2).  It then defines the data quality objectives for data generated by 

activities conducted for the ACP (Section 3).  Finally, it gives the QA/QC procedures, for field, 

analytical laboratory, and data management activities (Sections 4, 5, and 6).   
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2. PROJECT ORGANIZATION AND RESPONSIBILITIES 

 

 An organizational chart indicating the relationships and lines of communication among 

project participants is provided in Figure 1.  As depicted in Figure 1, there are parallel project 

management and QA responsibilities between PDSI and HGC.  PDSI is responsible for 

implementing and reporting environmental monitoring activities for its routine groundwater 

monitoring and additional sampling to be identified by and conducted for the ACP.  For Task 2.2 

of the ACP, PDSI will conduct groundwater monitoring at selected monitoring wells already 

sampled under the PDSI monitoring plan.  PDSI will conduct these monitoring activities 

independent from field activities conducted by HGC.  Data collected by PDSI will be used by 

HGC for groundwater monitoring under the ACP.  HGC will coordinate and oversee ACP tasks, 

such as groundwater sampling of wells not routinely monitored by PDSI and the installation, 

testing, and sampling of new wells.  The roles and responsibilities of the individuals given in 

Figure 1 are described below. 

 

2.1 ADEQ Project Manager 
 

The ADEQ Project Manager conducts regulatory oversight of the Work Plan activities 

and provides regulatory review and approval of documents, reports, plans, schedules, and other 

communications submitted pursuant to the MO.  
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2.2 Phelps Dodge Corporation Project Director 
 

The Phelps Dodge Corporation Project Director has the overall responsibly for 

implementing the Work Plan.  The Project Director will direct the schedule and scope of 

operations and provide fiscal oversight for resources needed for Work Plan activities. 

 

2.3 PDSI Project Manager 
 

The PDSI Project Manager directs PDSI sampling activities.  The PDSI Project Manager 

has the responsibility to ensure that PDSI personnel are properly trained, and, in cooperation 

with the PDSI QA Manager, to ensure the quality of data collected by PDSI.  The PDSI Project 

Manager will work with the HGC Project Manager to provide resources for implementation of 

ACP tasks.   

 

2.4 PDSI QA Manager 
 

The PDSI QA Manager provides QA documentation, review, and verification of field and 

laboratory data collected by PDSI, identifies data quality deficiencies, and initiates corrective 

action.  The PDSI QA Manager also ensures that records are properly stored in PDSI files and 

electronic databases and coordinates transfer of data with HGC QA Manager. 
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2.5 HGC Project Manager 
 

The HGC Project Manager directs field activities for the ACP, ensures that all personnel 

are properly trained, and ensures adequate resources for the completion of ACP tasks.  The HGC 

Project Manager also works with the HGC QA Manager to provide QA checks of data quality 

and to implement corrective actions.  The HGC Project Manager is responsible for providing 

final review and approval of documents, reports, plans, schedules, and other communications 

submitted to ADEQ pursuant to the MO.  The HGC Project Manager will periodically review 

and provide any needed updates to the QAPP. 

 

2.6 HGC QA Manager 
 

The HGC QA Manager reviews data and documentation from ACP activities to ensure 

compliance with the provisions of this QAPP, initiates corrective actions, and ensures that 

records are properly stored in HGC files and electronic databases.  The HGC QA Manager will 

also coordinate data transfer with the PDSI QA Manager and be responsible for entry of data 

collected by PDSI into the HGC database.   

 

2.7 Field Technicians 
 

Field technicians are all personnel (geologists, hydrologists, or environmental technicians) 

performing field activities described in the ACP, including groundwater sampling, lithologic and 

borehole logging, well construction oversight, and aquifer testing.  All field technicians should 
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be adequately trained for the activities that they will perform, and they are responsible for 

ensuring the quality of their own work, including complete and accurate documentation.   

 

2.8 Laboratory Project Manager 
 

The Laboratory Project Manager ensures that laboratory resources are available, reviews 

final analytical reports produced by the laboratory, reviews and directs compliance with the 

QAPP, coordinates scheduling of laboratory analyses, and supervises in-house COC procedures.  

The Laboratory Project Manager also has the responsibility of submitting analytical reports to 

HGC. 

 

2.9 Laboratory QA Manager 
 

The Laboratory QA Manager maintains laboratory QA procedures and QA/QC 

documentation, conducts periodic internal laboratory audits, and recommends corrective actions 

when necessary.  The Laboratory QA Manager is responsible to ensure that laboratory 

procedures are in compliance with this QAPP. 

 

2.10 Drilling Subcontractors 
 

Drilling subcontractors are responsible for the specific drilling, well construction, and 

well sampling activities for which they are contracted.  They are also responsible for being 

properly licensed and trained to perform these activities.   
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3. DATA QUALITY OBJECTIVES 
 

The primary data collection activities for the ACP are water level measurement, 

collection and analysis of water quality samples, lithologic logging of boreholes, and aquifer 

testing.  Data collected by these activities will be used by PDSI and ADEQ to characterize the 

extent of sulfate in groundwater and to develop and evaluate mitigation alternatives for drinking 

water supplies.  The overall QA objective is to implement field procedures, laboratory analyses, 

and reporting that will provide results that are scientifically valid and legally defensible.  Data 

Quality Objectives (DQOs) are qualitative and quantitative objectives that specify the quality of 

data needed from a sampling program.  Data Quality Indicators (DQIs) aid in this goal by 

specifying criteria for data types, quality, quantity, and applications that are needed to minimize 

decision errors due to data uncertainties.  This section discusses DQOs, QA deliverables, and the 

DQIs used to evaluate if the DQOs have been met for field operations and laboratory analyses.   

 

3.1 Data Quality Objectives 
 

The DQOs for this project are:   

 

• Collection of water level data of sufficient quantity and representativeness to evaluate 
potentiometric conditions during seasonal high (summer) and low (winter) pumping 
conditions. 

 
• Collection and laboratory analysis of water samples of sufficient quality to define the 

lateral and vertical distribution of sulfate and to characterize water quality parameters 
pertinent to the identification and evaluation of potential water treatment technologies 
for the FS.   
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• Collection of lithologic information of sufficient accuracy to develop a reliable 
understanding of subsurface materials. 

 
• Collection of aquifer test data of sufficient quality to estimate hydraulic properties of 

subsurface materials. 
 

• Water flow rate and volume measurements of sufficient accuracy to support 
estimation of hydraulic properties and major components of the water budget. 

 

3.2  Quality Assurance of Deliverables 

 

 The QA program should ensure the quality of all deliverables from field activities, 

laboratory analyses, and data processing.  The U.S. Environmental Protection Agency (EPA) has 

identified five levels of QA/QC.  The QA/QC level required for a project depends on the purpose 

of that project and the data deliverables requested.  Levels I through IV are defined in Table 1.   

Level V refers to non-conventional parameters and is not applicable to this QAPP.  The 

relevance of levels I through IV to this QAPP is discussed below.   

 

$ Level I analytical methods are required for field data collection.  Field data will be 
generated using portable instruments that are regularly calibrated.  Level I methods 
will be implemented in the field and include the use of pH, temperature, and electrical 
conductivity meters, as well as other instruments. 

 
$ Level II may be used for screening-level measurements such as in-field sulfate 

detection.  In general, however, Level II is not pertinent to this QAPP because it does 
not provide adequate accuracy or sensitivity. 

 
$ Level III analytical methods are required for the majority of project data collected per 

this QAPP.  For most groundwater samples, the quality of laboratory data must be 
sufficient to monitor current groundwater conditions.  Additionally, the data must be 
of sufficient quality to meet all objectives identified for this project. 

 
$ Level IV consists of a highly accurate and rigorous QA/QC review that would only be 

undertaken in this project if there was a persistent problem identified with analytical 
results. HGC may request a Level IV "Contract Laboratory Program (CLP)-



 

 
Quality Assurance Project Plan for Aquifer Characterization Plan  
G:\783000\REPORTS\QAPP.doc 
August 11, 2006 11 

equivalent" QC package from the laboratory and independent validation of the data. 
PDSI may request a Level IV "CLP-equivalent" QC package for all or some 
percentage of the data.  Data validation documentation will be consistent with 
Laboratory Documentation Required for Data Evaluation as established by EPA 
Region IX QA Office (2001b).   

 

3.3 Data Quality Indicators 

 

 Field and laboratory data will be evaluated using the following DQIs: precision, bias, 

accuracy, representativeness, comparability, completeness, and sensitivity.  If laboratory data 

DQIs do not meet the data acceptance criteria, the reason will be noted in the case narrative 

submitted to HGC.  If DQI acceptance criteria are not met, corrective actions to be taken may 

include additional sampling and/or re-analysis.   

 

3.3.1 Precision 
 

Precision is “the measure of agreement among repeated measurements of the same 

property under identical, or substantially similar, conditions” (EPA, 2002a).  For this QAPP, data 

precision is measured by calculating the relative percent difference (RPD) of the analytical 

results for field and laboratory duplicates.  RPD is calculated using the following formula: 

 

10021 ×
−

=
mx
xx

RPD       (1) 

where x1 is the analytical result from the original sample 
 x2 is the analytical result from the duplicate sample 
 xm is the mean of the two samples 
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 Acceptance criteria for precision of laboratory duplicates will be set by method guidance 

or in-house laboratory limits, whichever is more stringent.  The default acceptance criteria for 

field duplicates from groundwater samples will be an RPD of less than 20%, which is the criteria 

listed in EPA functional guidelines (EPA, 2004). 

 

3.3.2 Bias 
 

Bias is “the systematic or persistent distortion of measurements that causes consistent 

errors in one direction” (EPA, 2002a).  Bias can be caused by matrix interferences that either 

enhance or suppress the response of an instrument to the presence of a constituent.  Bias is 

addressed both in the field and in the laboratory by calibration of instruments and consistent 

application of standardized procedures (Sections 4.5 and 5.4).  

 

3.3.3 Accuracy 
 

 Accuracy is “a measure of the overall agreement of a measurement to a known value” 

(EPA, 2002a).  Accuracy can be decreased by errors related to both precision and bias.  A 

measured value is of acceptable accuracy when it does not differ beyond acceptable limits from 

the true value or the known concentration of a spike or standard.  Accuracy of analytical results 

is measured by calculating the percent recoveries of surrogates, matrix spikes, and blank spikes.  

Laboratory accuracy is expressed as the percent recovery (%R), calculated as follows: 
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100% ×
−

=
T

xx
R s       (2) 

where xs is the measured value of the spiked sample 
 x is the measured value of the unspiked sample 
 T is the true value of the spike solution added 
 

 Acceptance criteria for laboratory accuracy are set by the stricter of in-house limits or 

method guidance (Section 5.4).   

 

3.3.4 Representativeness 
  

 Representativeness is a qualitative measure that conveys “the degree to which sample 

data accurately and precisely represents a characteristic of the environmental condition being 

measured” (EPA, 2002a).  Representativeness is best satisfied by ensuring that sampling 

procedures, locations, and quantities are selected properly.   Field data will be considered 

representative when obtained by adherence to sample identification and collection techniques 

and decontamination procedures (Section 4.2).  In addition, proper laboratory analytical 

procedures and methods are mandatory to ensure representativeness of field data (Section 5).  

 

3.3.5 Comparability 
 

 Comparability is a qualitative expression of the confidence with which one data set is 

comparable to and/or compatible with previous and subsequent data.  Comparability is achieved 

by adhering to standardized methods and QA procedures established in this QAPP during sample 

collection, handling, and analysis.  The comparability of laboratory data is achieved through 
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compliance with analytical method protocols.  Comparability is enhanced when the same 

laboratory is used to analyze samples from successive sampling events and when data is reported 

in consistent and standard units of measurement.   

 

3.3.6 Completeness 
 

 Completeness is a measure of the amount of valid data needed to be obtained from a 

sampling campaign or measurement program.  Completeness will be expressed as the percentage 

of the total number of each type of sample or measurement that satisfies the QA/QC criteria for 

this project.  Percent completeness will be calculated as follows:   

 

100×







possibledatavalidofnumber
obtaineddatavalidofnumber     (3) 

 

 Completeness will be calculated and reported by the HGC QA Manager.  Adherence to 

this QAPP is expected to yield data sets that will be at least 90% complete.  Common factors that 

reduce data completeness include the following:   

 

• The laboratory did not analyze the sample for the requested parameter. 
 

• The laboratory did not analyze the sample following the correct method. 
 

• The laboratory did not provide the correct sensitivity. 
 

• The laboratory rejected data due to QC failure. 
 

• The data reviewer rejected data due to QC failure.   
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3.3.7 Sensitivity 
 

 Sensitivity is a measure of “the capability of the method or instrument to discriminate 

between measurement responses representing different levels of a variable of interest” (EPA, 

2002a).   Sensitivity requirements for field measurement instruments are as follows: 

 

• Water levels probes = 0.01 foot (ft).  

• Temperature meters = 1 degree Celsius (ºC). 

• pH meters = 0.1 standard units. 

• Electrical conductivity meters = 10 micromhos per centimeter (:mhos/cm). 

• Pressure transducers = 0.01 ft water head or as appropriate for pressure rating. 

• Flow meters = 5 percent of measured flow rate.   

• Togopgraphic survey instruments = 0.01 ft horizontal and vertical. 

• Borehole depth measurement devices = 0.1 ft. 

 

Sensitivity requirements for analytical laboratories are generally described by the 

analytical method detection limits (MDLs).  A MDL is the minimum amount of an analyte that 

can be consistently measured and reported with a high degree of confidence that the analyte 

concentration is above a background response.  A practical quantitation limit (PQL) is that 

amount that can be consistently quantified with acceptable precision and accuracy.  Target PQLs 

for each analyte will be set by method guidance or laboratory specifications, whichever is stricter 

(Section 5.3).   
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4. FIELD ACTIVITIES 

 

 This section gives the QA procedures that will be used for field activities, including 

groundwater sampling (water level measurement and water quality sampling), drilling and well 

construction, and aquifer testing.  It also describes the procedures for equipment care, 

investigation derived waste management, and field documentation.  Field activities will be 

documented in a dedicated field logbook or on field forms as described in Section 4.6.  Sampling 

conducted by PDSI should conform to PDSI’s quality assurance/quality control plan and 

standard operating procedures for environmental sampling which are included in Appendix A of 

this QAPP.  HGC has reviewed PDSI’s plans and procedures and has determined that the data 

generated in accordance with them will be acceptable for use.   

 

4.1 Certification and Preliminary Activities  
 

All field staff shall have Occupational Safety and Health Administration (OSHA) 40-

hour training and certification as described in the Code of Federal Regulations (CFR), Title 29, 

Section 1910.120.  Staff working within the PDSI property boundaries shall also have site-

specific hazard awareness training and Mining Safety and Health Administration (MSHA) 

training as prescribed in 30 CFR Subchapter H.  All certified field operations personnel must 

annually complete OSHA and MSHA refresher courses to maintain their certifications.  All 

personnel and subcontractors will have appropriate licensure and certification as required by law 
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to perform their specific field operation.  In particular, drillers will have a current well driller’s 

license issued by the Arizona Department of Water Resources (ADWR).  

 

Prior to starting field activities, the HGC Project Manager will obtain necessary permits, 

notify property owners of scheduled field activities, and locate all subsurface utilities near areas 

where drilling will occur.  Required permits may include an ADEQ Arizona Pollutant Discharge 

Elimination System (AZPDES), De Minimus General Permit (DGP), an ADWR drilling permit, 

and an ADWR groundwater withdrawal permit.  The HGC Project Manager will complete and 

submit Notice of Intent to Drill a Well forms to ADWR for all proposed wells.  The HGC Project 

Manager will locate subsurface utilities by requesting a Blue Stake Survey at least 72 hours, but 

not more than 2 weeks, prior to drilling.   

 

4.2 Groundwater Sampling Activities 
 

The ACP specifies groundwater sampling from existing PDSI wells and from existing 

privately-owned wells.  Most samples taken from existing wells will be taken from the screened 

interval of the well without regard to collection depth within the screen (Section 4.2.1).  Depth-

specific sampling that will collect water samples at discrete depths within the well screen will 

also be conducted (Section 4.2.2).  All groundwater sampling activities will be consistent with 

the procedures outlined in EPA-approved methodologies, ADEQ sampling guidance documents, 

and this section so that data obtained from the sampling activities is of sufficient quality to meet 

the DQOs (Section 3).  QA procedures for sampling activities are described below.  Following 

the description of QA procedures, protocols for sample handling from the collection site to the 
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analytical laboratory are provided.  Sample receipt and handling by the analytical laboratory are 

discussed in Section 5.2.   

 

4.2.1 Groundwater Sampling from Existing Wells 
 

Groundwater sampling will be conducted in a variety of well types including monitoring 

wells, active production wells, and possibly, private wells.  For wells with a dedicated pump, that 

pump will be used for purging and sampling.  If a well does not have a dedicated pump, a 

decontaminated, portable, submersible pump will be used to purge the well and collect 

groundwater samples.  Prior to sampling, well construction specifications will be obtained from 

the well owner or ADWR records.  Upon arrival at the sampling location, the sampling personnel 

will document the condition of the well in the field notebook or on a sampling form.  

Groundwater sampling then will be conducted using the following steps:   

 

1. Depth-to-water (DTW) measurement.  

2. Well purging and collection of groundwater indicator parameters.  

3. Sample collection and labeling. 

4. Equipment decontamination.   

 

QA procedures for these steps are described below.   
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4.2.1.1 Depth to Water Measurements 
 

Water level measurements will be taken in both pumping and non-pumping wells, if 

possible.  For wells that are not being continuously pumped, the static DTW in wells will be 

measured prior to purging and sampling and will be recorded as a static pumping level.  For 

wells that are being pumped, the pumping water level will be measured and the DTW will be 

recorded as a dynamic water level.  The following QA procedures will be followed when making 

the DTW measurements: 

 
• Use a decontaminated electronic well sounder probe capable of measuring water 

levels with an accuracy of 0.01 ft (Section 3.3.7). 
 

• Verify the well identification (ID) and check to ensure that measurement equipment is 
operating properly. 

 
• Record the well ID, top of casing elevation, and surface elevation, if known. 

 
• Measure DTW from the surveyed measuring point on the top of well casing or from 

the north side of the top of the inner well casing if the casing has no surveyed 
measuring point. 

 
• Record the DTW to the nearest 0.01 foot. 

 
• Take DTW measurement a second time to verify that a correct measurement has been 

made.  The two measurements should agree to within 0.03 ft.   
 

4.2.1.2 Well Purging and Collection of Indicator Parameters 

 

After taking DTW measurements and prior to taking groundwater samples, the wells will 

be purged of resident water so that groundwater samples will be representative of water from the 

formation.  The HGC Project Manager will determine the needs for a DGP for purge water once 

sample locations are selected.  While purging the well, groundwater indicator parameters 
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(pH, electrical conductivity, and temperature) will be measured.  Groundwater purging and 

indicator parameter measurements will adhere to the following QA practices: 

 

• Calculate the wetted casing volume based on the DTW measurement and well 
construction.   

 
• Collect the indicator parameters readings at regular time or pumped volume intervals, 

and record the readings on a groundwater sampling form.   
 
• If possible, purge the well of three wetted casing volumes and allow indicator 

parameters to stabilize so that consecutive parameter measurements (collected at 
approximately one-half casing volumes apart) are within the following: 
pH - 0.3 standard units, temperature - 2 °C, and electrical conductivity - 100 
µmhos/cm.   

 
• Permit any well that goes dry during pumping to recover at least 50% of its starting 

water elevation prior to groundwater sampling.   
 

No more than five wetted casing volumes need to be pumped regardless of parameter 

stabilization; however, parameter instability may indicate a problem with the measurement 

instrument(s).  If stabilized parameters cannot be obtained, field instruments will be re-calibrated 

(Section 4.5.2).  For wells that are being pumped when sampling personnel arrive (e.g., 

production wells), the sampling personnel do not need to purge the well if it has been pumping 

continuously for a period sufficient to remove three wetted casing volumes.  DTW and field 

parameters should still be measured and recorded.   
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4.2.1.3 Groundwater Sample Collection 
 

Two types of groundwater samples will be collected at each sampling location:  filtered 

(0.45 micron) samples will be collected for analysis of dissolved constituent concentrations and 

unfiltered samples will be collected for analysis of total constituent concentrations.   

 

All groundwater samples will be analyzed for major element ions (calcium, magnesium, 

sodium, potassium, chloride, sulfate, nitrate, nitrite, and fluoride) and wet chemistry (alkalinity, 

total dissolved solids, and pH) for characterizing the general water chemistry and sulfate.  

Groundwater samples from select wells will also be analyzed for the following constituents 

needed to evaluate water treatment for the FS: aluminum, ammonia, barium, chemical oxygen 

demand, ferrous and total iron, manganese, phosphate, selenium, soluble and colloidal silica, 

strontium, sulfide, total organic carbon, silt density index, turbidity, and bacteria (total plate 

count).  Table 2 lists the analytical suites for characterization of general chemistry and for 

characterization of water treatment constituents.  Table 2 lists analytical methods; target method 

detection limits; and filtration, preservation, and holding time requirements.   

 

The HGC QA manager will be responsible for ensuring that the analytical laboratory 

provides pre-preserved sample containers for all samples.  Duplicate samples, equipment blank 

samples, and field duplicate samples will be collected as described in Section 4.2.1.5.  QA 

practices for collecting groundwater samples are as follows:   

 

• Verify that sample containers have been properly prepared, including addition of any 
preservative required (Table 2). 
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• Minimize the lag time between filtered and unfiltered samples by setting up the 

sample containers near the sampling location and by first taking the filtered sample.  
 

• Install a new (unused) 0.45 filter in-line to the pump discharge and collect a filtered 
sample from the filtered discharge.  If the in-line filter cannot be connected to the 
pump discharge from the well, collect a sample aliquot, then filter the aliquot using a 
portable pump and the in-line filter.   

 
• Take the unfiltered samples directly from the pump discharge.   

 

Sample containers do not need to have zero headspace since volatilization of analytes is 

not a concern.   

 

4.2.1.4 Sample Labeling 
 

 Each sample will be uniquely labeled with permanent indelible ink either directly on the 

container or on a water-proof label that is affixed to the container.  For consistency between 

samples collected by PDSI and samples collected by HGC, the samples will be labeled following 

the identification instructions given in Procedure DH-B and DH-D of PDSI (2005b) 

(Appendix A).  This labeling system provides an alphanumeric identifier for each well.  Samples 

from wells not given an area/type designator in PDSI (2005b) will be labeled according to the 

identification used in the ACP or by the well owner.  Each sample will also be labeled with the 

date and time of sample collection, the analysis requested, and the preservative used.   
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4.2.1.5 Field Quality Control Samples 
 

 Field QC samples will be collected to verify sampling and analytical precision, accuracy, 

and representativeness. Two types of field QC samples will be used as QC check samples: field 

duplicates and field blanks.  Field duplicates will be collected to assess analytical precision 

(Section 3.3.1).  Field blanks will be collected to check for the introduction of contamination in 

sample handling, shipment, storage, or analysis.  These field QC samples will be assigned a 

unique ID so that the laboratory does not know they are QC samples; however, the QC sample 

IDs will be clearly noted in the field logbook and on the groundwater sampling form.  The 

collection of field duplicates, and field blanks is described below.   

• Field Duplicate Samples are samples that are collected at the same time and location 
as another groundwater sample.  The field duplicate and its partner sample will be 
split samples collected from the same aliquot of water.  The field duplicate will be 
collected by first obtaining a groundwater sample in a large sampling container, and 
then distributing the water into sample bottles for analysis of like analytes (e.g. fill 
bottles for anion analysis from the same sample draw).  Field duplicates of filtered 
and unfiltered water will be collected at a frequency of at least one per 20 samples 
and will be numbered and packaged following the procedures given in Procedure 
QC-A of PDSI (2005b) (Appendix A).   

 

• Field Blank Samples will be collected from laboratory-grade de-ionized water that is 
poured directly into a sample container while in the field.  Field blank samples will be 
subject to the same sampling procedures as samples being collected from a designated 
sampling location, including container type and preparation, storage, and handling.  
Field blanks will be collected following the procedure given in Procedure QC-B of 
PDSI (2005) (Appendix A).  One field blank will be collected for every 20 samples.  
The HGC QA Manager will be responsible for having the analytical laboratory supply 
laboratory grade de-ionized water along with the pre-preserved sample containers.   
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4.2.1.6 Equipment Decontamination 
 

Properly decontaminated sampling equipment will help prevent errors due to cross-

contamination.  Prior to the start of sampling, all reusable equipment will be decontaminated 

according to Procedure DM-A of PDSI (2005b) (Appendix A).  This includes non-dedicated 

groundwater pumps, reusable bailers, DTW probes, and any other equipment brought onsite.  

Cleaned equipment should not lie on the ground or any unclean surfaces.  Disposable, single-use 

equipment such as filters, bailers, sampling spigots, and nylon string will be used at a single 

sample collection location and then discarded.   

 

4.2.2 Depth-Specific Sampling from Existing Wells 
 

 The ACP calls for depth-specific groundwater samples to be collected at discrete depths 

within the well’s screened interval.  The depth-specific sampling will consist of logging the 

groundwater inflow velocity along the wells screened interval and collecting groundwater 

samples at discrete depths.  The depth-specific sampling will be a one-time sampling event to 

provide unique information on the vertical distribution of sulfate.  Depth-specific samples will be 

collected at intervals of approximately 50 ft or as appropriate depending on site-specific well and 

sampling conditions.  Groundwater sampling and inflow logging are explained below.   

 

4.2.2.1 Groundwater Inflow Logging 
 

Groundwater inflow logging will be conducted for wells specified in the ACP.  The 

inflow logging will map the vertical profile of groundwater influx along the wells’ screened 
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interval for the purpose of identifying potential preferential zones of groundwater movement and 

sulfate transport.  The logging will be accomplished using the BESST, Inc. Dye Tracer Velocity 

Profiling technique.  A description and brief SOP of this technique is provided in Appendix B.  

Prior to flow logging, the field technician will perform checks of sampling equipment, including 

tubing, dye-tracer, and monitoring apparatus.  During logging, the field technician will follow 

the SOP for the BESST, Inc. Dye Tracer Velocity Profiling Technique and note any deviations 

from the technique in the field logbook.  Electronic data will be downloaded daily, as discussed 

in Section 4.6.   

 

4.2.2.2 Depth-Specific Groundwater Sampling 
 

The DTW procedures in Section 4.2.1.1 will be followed for depth specific samples, 

although purging will not be conducted.  For wells with a dedicated pump, depth-specific 

sampling will be accomplished using BESST Inc. HydroBoosterTM groundwater sampling 

technique (BESST technique).  The BESST technique provides depth-specific groundwater 

sampling from a well without first having to remove the pump.  A brief SOP for the BESST 

technique is provided in Appendix B.  For wells that do not have a dedicated pump, depth-

specific samples may be collected using the BESST technique or devices such as a discrete 

interval sampler (e.g., Solinst Model 425; www.groundwatersoftware.com) or a low-flow 

submersible pump lowered to the appropriate depths.  Selection of the sampling device will 

depend on well depth and access.  QA practices for depth-specific sampling include the 

following:   
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• Perform checks of sampling equipment and document site conditions in the field 
logbook. 

 
• Obtain permission and necessary permits to sample. Permission should be obtained 

from the well owner.  A DGP will be obtained to discharge any purge water if it is 
determined necessary by the HGC Project Manager.  

 
• Follow the SOPs given for the depth-specific sampling method (Appendix B). 

 
• For wells where inflow logging was conducted, attempt to collect groundwater 

samples from the same vertical locations as used for inflow logging.   
 

• Label the sample with the depth at which the sample was collected in addition to the 
other labeling requirements discussed in Section 4.2.1.4.   

 

Groundwater samples collected by depth-specific methods will be unfiltered and 

analyzed for sulfate only.  The sulfate analytical method is listed in Table 2.  

 

4.2.3 Sample Custody and Handling 

 

 Groundwater samples will be stored in coolers with ice (4 ºC ± 2º) from the time they are 

collected until they arrive at the laboratory.  COC documentation will be maintained from the 

time of collection until the samples are analyzed to ensure the defensibility of the results.  

Further instructions on sample custody and shipping are specified below.   

 

4.2.3.1 Sample Custody and COC Documentation 
 

 Samples are in the sampler’s custody upon collection.  The custody of the samples will be 

the responsibility of the sampler until the samples are delivered or shipped to the laboratory.  A 
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sample is considered to be under a person’s custody if one or more of the following conditions 

are met:   

 

• The sample is in the person’s physical possession. 

• The sample is in the view of the person after that person has taken possession. 

• The sample is secured by that person so that no one can tamper with the sample. 
 

• The sample is secured by that person in an area that is restricted from unauthorized 
personnel. 

 

Custody of samples will be documented from the time of sample collection to completion 

of the analyses using COC forms.  An example COC is provided in Figure DH-A of PDSI 

(2005b) (Appendix A).  COC forms will be filled out and will accompany the samples when 

shipped to the laboratory.  The COC form will identify the contents of each shipment.  The COC 

form will remain in the sampler’s possession until the samples have been hand delivered or 

shipped to the laboratory.  The sampling team leader or designee will sign the COC form in the 

"relinquished by" box and note the date and time the samples were relinquished.  A properly 

completed COC form will specify:   

 

$ The project name, all required signatures, dates, and times that samples were 
relinquished and accepted. 

 
$ Analyses requested, time and date of sampling, and sample matrix. 

 
$ Unique field identification of each sample. 

 
$ Number of containers submitted. 

 
$ Temperatures upon receipt by the analytical laboratory.   
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4.2.3.2 Sample Shipping 

 

 Procedures for packing and transporting samples to the laboratory may vary depending 

on whether samples are hand delivered to the laboratory by field personnel or delivered via a 

commercial shipping service such as Federal Express or United Parcel Service.  The method of 

sample shipment will be noted on the COC form.   Table 3 provides a checklist for shipping 

requirements.   

 

 If samples are shipped by a delivery service, all U.S. Department of Transportation 

(DOT) regulations for packaging and shipment must be followed.  Each sample will be packaged 

and transported according to the procedures outlined below, which meet DOT requirements.   

 

• Ice will be placed in a sturdy plastic bag to prevent leaking. Samples will be protected 
by bubble wrap, foam, or some other packing material. Sufficient packing material 
will be used to prevent sample containers from making contact during shipment. 
Enough ice will be added to maintain the cooler temperature at 4°C " 2°, until receipt 
by the laboratory. The plastic bag will be twisted and secured with a twist tie or cable 
tie.   

 
• The COC records will be signed by the person relinquishing possession of the 

samples and will be placed inside a plastic bag. The bag will be sealed and taped to 
the inside of the cooler lid. The shipping address will be verified before the samples 
are relinquished to the courier. 

 
• The cooler will be closed and taped shut with packing tape around both ends.  

 
• One or more signed custody seals consisting of tape imprinted with the date and 

initials of the sampler(s) will be placed on the cooler so that the cooler cannot be 
opened without the seal(s) being broken. Additional seals may be used if the sampler 
or shipper determines more seals are necessary. Wide, clear tape will be placed over 
the seal(s) to help ensure against accidental breakage. 

 
• The cooler will be transferred to the courier along with a completed shipping bill. 
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4.3 Drilling and Well Construction Activities 

 

As described in the ACP, drilling and well construction activities will be conducted to 

install monitoring wells at offsite locations.  These activities involve the following:   

 

• Licensure and Permits 

• Drilling of boreholes 

• Lithologic logging of boreholes 

• Reconnaissance water quality sampling of drilling return water 

• Well construction 

• Well completion 

• Well development 

• Hydraulic testing and water sampling of new wells 

 

QA procedures for these activities are discussed below.   

 

4.3.1 Licensure and Permits 
 

All drilling, well construction, and well development activities will be performed by a 

drilling contractor who is licensed by ADWR.  Prior to drilling, well development, and hydraulic 

testing of wells, applicable forms and permits will be filed and obtained from ADWR and 

ADEQ.  These forms and permits may include a Notice of Intent to Drill, a well permit, a 

Groundwater Withdrawal Permit, and a DGP to discharge groundwater to the ground surface.  
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Drilling activities, including drilling progress, setbacks, and milestones will be noted in the field 

logbook or appropriate forms.   

 

4.3.2 Borehole Drilling 
 

 Proposed approximate drilling locations are given in the ACP.  Drilling for offsite 

monitoring wells will be accomplished using a reverse circulation, air-rotary method to drill a 

small diameter pilot hole for collection of cuttings and water samples for determination of 

subsurface lithology and water quality.  Mud-rotary methods may be needed for parts of the pilot 

hole depending on hole conditions and the advice of the driller.  If additional wells are installed 

at the pilot hole location, they will be installed using mud rotary methods.  Well design will be 

based on the results of lithologic sampling and water quality data collected during drilling.  The 

drilling methods outlined here may be modified based on the judgement of the site geologist or 

recommendations from the drilling contractor.   

 

 The site geologist has responsibility of logging the borehole drilling and making sure that 

boreholes are satisfactorily drilled according to the requirements of the ACP.  The site geologist 

will follow the QA practices given below when logging boreholes. 

 

• Prior to drilling, measure (to ± 0.01 ft) and record the size and length of the drill, 
sub-assembles, and drill rods.  Know and document the relationship between the 
number of drill rods in the ground and the depth of the borehole. 

 
• Give constant attention to drilling progress, including the number of drill rods in the 

ground and verify that the driller is in agreement with the depth estimates.   
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• Immediately discuss any suspected deviations in drilling progress with the driller.  
Record deviations in the field logbook and immediately report them to the HGC 
Project Manager. 

 
• Record the following in the field notebook or on the borehole log along with the 

corresponding depths and times: groundwater depth, observed changes in drilling 
conditions, and any materials added to the borehole.   

 

4.3.3 Lithologic Logging 

 

Lithologic logging of boreholes for offsite wells will be conducted by the site geologist.  

The lithology will be logged at 10-ft intervals or more frequently if needed to note significant 

changes in material properties.  Materials used for lithologic logging will be collected from the 

air-rotary cyclone or mud return.  To ensure comparability between lithologic descriptions 

between different locations logging will be conducted according to the specifications of 

American Society for Testing and Materials (ASTM) D2488-00.  A copy of this ASTM standard 

is provided in Appendix C.  Logging will, as a minimum, note the following: 

 
• Soil type or rock lithology 
 
• Color (using a Munsell color chart) 

• Unified Soil Classification System (USCS) classification symbol or lithologic name 

• Grading (for coarse grained soils) 

• Moisture 

• Structure 

• Local or geologic name, if applicable 

• Visual estimates for percent gravel, sand, silt, and clay 

• Reaction with hydrochloric acid  
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4.3.4 Reconnaissance Groundwater Sampling from Boreholes 
 

Grab samples of groundwater will be collected from the air rotary return for 

reconnaissance estimation of sulfate concentrations with depth.  Grab sampling will commence 

when the borehole reaches the groundwater table and will continue at approximately 40-ft 

intervals to the bottom of the borehole if there is sufficient water in the return.  The sulfate 

concentration in samples will be estimated using an electrical conductivity meter and a portable 

spectrophotometer.   

 

Procedures for borehole water sampling are below. 

 

• Collect return water in a decontaminated container.   
 
• Measure indicator parameters (temperature, pH, and electrical conductivity) as soon 

as possible so that temperature does not significantly increase.  
 
• Collect sample for spectrophotometer measurement.  When water is turbid, the 

sample for spectrophotometer measurement can be set aside to allow solids to settle.  
The groundwater sample for spectrophotometer measurement will be collected from 
the clearest portion of the settled water. 

 
• If the sample concentration is greater than the spectrophotometer range, the sample 

will be diluted with laboratory grade de-ionized water until the sulfate concentration 
is in the measurable range.  Record the dilution factor in the field notebook.  

 
• Record the indicator parameter measurements and field-measured sulfate 

concentrations in the field notebook along with the name of the boring, the depth of 
the casing at the time of sample collection, and the date and time of the 
measurements.   

 

Unfiltered water samples for laboratory confirmation field analyses will be collected 

periodically if sufficient water is available.  The labeling and handling of confirmatory samples 
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will follow those for unfiltered samples of existing wells (Sections 4.2.1.3 and 4.2.3) except that 

sample depth will be identified in the sample ID.   

 

4.3.5 Well Construction 
 

Well construction materials will be determined by the the site geologist in consultation 

with the HGC Project Manager and the driller.  Materials will be determined according to the 

purpose of the well, site geologic conditions, and the quality of water samples collected during 

drilling.  As a general rule, well casings for wells deeper than 500 feet will be 4-in or 5-in 

diameter, and will be constructed of low-carbon (= 0.3%) steel.  Casing may be 4-in or 5-in in 

diameter, schedule 80 PVC for wells less than 500 feet deep.  Annular materials including filter 

pack, bentonite pellet seals, and bentonite grout will be applied through a tremie pipe.  From 0 to 

20 feet below ground surface (bgs), grout will be a bentonite/cement mixture.  To ensure that 

wells are properly constructed, the field technician will observe the following: 

 

• Prior to well construction, estimate the amount of materials (e.g., well casing, packing 
material, and grout) needed to construct the well.  During well construction, 
immediately notify the driller of a potential problem if the materials needed for well 
construction are significantly more or less than estimated.   

 
• Prepare and use a well-construction diagram to monitor the progress of the well 

construction.  Record the progress in the field notebook or on a well construction 
form. 

 
• Periodically have the driller measure the depth of the filter pack and check to make 

sure that “bridging” of the packing material does not occur.  A tightly fitting rubber 
surge block may be used in wetted portions of the well screen to compact the filter 
pack.   
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4.3.6 Well Completion 

 

Surface completion of all wells include a watertight well plug or cap fitted to the well 

casing.  The north side of the top of the casing will be notched to establish a permanent 

measurement datum.  This datum will be surveyed to ± 0.01 ft by a licensed surveyor contracted 

by PDSI.  A surface vault will be installed around the well casing and cemented in place.  The 

well name and the ADWR well registry number will be stamped into the vault lid.  The well 

registry number will also be written near the top of the well casing near the top with permanent 

black marker.  After the well is completed, the DTW with be measured and recorded.   

 

4.3.7 Well Development 

 

 Following well completion, the well will be developed using the following procedure:   

 

1. The base of the well will be measured to determine whether any sediment has 
accumulated in the well. 

 
2. The wetted portion of the well screen will be surged with a tightly fitting rubber surge 

block to dislodge any material finer than the screen slot size. 
 
3. Air lifting or bailing will be used to remove sediments from the well. 
 
4. The well will be pumped for at least three purge volumes to complete development. 



 

 
Quality Assurance Project Plan for Aquifer Characterization Plan  
G:\783000\REPORTS\QAPP.doc 
August 11, 2006 36 

4.3.8 Hydraulic Testing and Water Sampling 
 

A 10- to 24-hour pumping test will be conducted at each new well to estimate the 

hydraulic conductivity of the formation.  Prior to the pumping test, the HGC Project Manager 

will contact ADWR to determine the need for a groundwater withdrawal permit.  The pumping 

test will be conducted using the guidelines provided below:   

 

1. Obtain a DGP from ADEQ prior to conducting a pump test. 
 

2. Prior to beginning the test, measure the static water level using a well sounder.  Install 
a pressure transducer connected to a data logger.  Be certain to install the transducer 
below the anticipated draw-down level.  Measure the static water level with the 
pressure transducer and verify the transducer DTW measurement by using a sounder 
probe. 

 
3. Select the pumping rate for the test so that it is similar to the well development 

pumping rate.  Use a constant pumping rate throughout the test. 
 

4. Measure DTW levels during the test with a pressure transducer/data logger assembly 
and periodically verify it with a sounder probe.  At a minimum, take measurements 
according to the following schedule: 

 

Time of Pump Test Measurement Interval 
    0 to 15 minutes    1 minute 
  15 to 50 minutes    5 minutes 
  50 to 100 minutes  10 minutes 
100 to 500 minutes  30 minutes 
500 to 1000 minutes  60 minutes 
   > 1000 minutes     4 hours 

 
5. Ensure that water discharged during the pumping test is directed down gradient of the 

well so that re-infiltration of the discharge water does not affect the test results.   
 

6. Continue pumping long enough to collect sufficient draw-down data.  Ideally, 
pumping will be continued for 1000 minutes or longer; although, the work location or 
other constraints may dictate a shorter pumping period.  
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7. After pumping is discontinued, measure the recovery of water levels in the well at 
frequency intervals similar to those used for the active pumping period.  Continue 
measurements until the water level in the well has recovered to within 90 percent of 
its pre-pumping level. 

 

After the end of each pumping test, a groundwater sample from the test well will be 

collected just prior to pump shutdown following the sample collection and handling procedures 

given in Sections 4.2.  Pumping test results will be interpreted using analytical software such as 

the Well Hydraulics Interpretation Program (HGC, 1987) or AQTESOLV (Hydro Solve, Inc., 

2000).   

 

4.4 Investigation-Derived Waste Management 
 

Investigation-derived wastes are expected to be purge water, drill cuttings, any drilling 

fluids, and development water.  Prior to initiation of field activities, the HGC Project Manager 

will contact ADEQ to determine the need for a DGP for the release of purge water.  DGP is 

expected to be needed for the release of development water.  Cuttings and drilling fluids will be 

collected in tanks or rolloff containers and transported to PDSM for disposal according to 

methods approved by the PDSI Project Manger.  This may include spreading cuttings in a thin 

layer over the ground.   
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4.5 Field Equipment and Consumables 
 

4.5.1 Field Equipment Maintenance and Calibration 
 

The field technician will be responsible for properly maintaining and calibrating all field 

equipment. Operation, calibration, and maintenance procedures for all equipment will be kept 

accessible when equipment is being used, calibrated, or serviced.  Measurement equipment will 

be calibrated when it is first used and recalibrated periodically based on the recommendations in 

the instrument’s operations manual.  Maintenance practices also will follow the manufacturers’ 

recommendations.  All calibration and maintenance will be recorded on a maintenance record 

that is readily available for reference in the field.   

 

Precautionary measures will be taken to avoid equipment problems.  Some precautionary 

measures are listed below.   

 

• Keep spare parts such as batteries and probes on hand.  

• Store equipment in a cool, clean, dry place when not in use. 

• Clean equipment after each use. 

• Keep sensitive parts covered and protected from potential hazards. 

• Inspect equipment for potential problems prior to use. 

• Keep battery packs charged.   

 

Should a piece of equipment become inoperable, it will be removed from service and 

tagged to indicate that repair, recalibration, or replacement is needed. The HGC QA Manager 
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will be notified when equipment needs to be repaired or replaced so that prompt service can be 

performed or substitute equipment can be obtained.  Instrument problems encountered during the 

field program will be recorded and, if possible, resolved in the field.   

 

4.5.2 Electrical Conductivity, Temperature, and pH Measuring Equipment 
 

 A multi-probe meter with automatic temperature correction of electrical conductivity 

measurements will be used to measure indicator parameters.  The instrument will be properly 

stored and calibrated each day that it is in use.  The instrument probes will be triple-rinsed with 

deionized water and stored according to the manufacturer's specifications after use.  The 

electrical conductivity probe will be calibrated before each sampling event using a commercial 

standard.  Because electrical conductivity measurements may be correlated with, and used for, 

sulfate ion estimation, electrical conductivity measurements must be accurate and temperature 

corrected.  The pH probe will be calibrated with two buffers that have pH values that bracket the 

anticipated pH values for the samples to be tested. Because the groundwater is neutral to 

alkaline, pH 7 and pH 10 buffers will be used.  The calibration will be checked at least once 

every 4 hours thereafter, and the probe will be recalibrated, if necessary.   

 

4.5.3 Water Level Measuring Equipment 
 

Each electric sounder probe should be checked for accuracy at least once every 3 months.  

The accuracy will be checked by comparing the depth markings on the probe tape with the 

markings on a graduated steel tape.  The sounder will also be checked after any incident that may 
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alter the instrument's accuracy.  If the difference between markings on the steel tape and on the 

sounder probe tape exceeds 0.05 ft per 100 ft, a correction factor will be determined and applied 

to DTW measurements.  The sounder probe will be kept clean and functional. Portions of the 

cable that are submerged below fluid levels in wells will be properly cleaned, as described in the 

decontamination procedures outlined in Section 4.2.1.6.   

 

4.5.4 Pressure Transducers and Data Loggers 
 

The pressure transducer should be capable of measuring water levels with a sensitivity of 

0.01 ft although the transducer accuracy may differ depending on pressure rating.  The data 

logger may be internal to the pressure transducer or a separate instrument, but it must be 

programmable to collect pressure data at a minimum frequency consistent with the schedule 

given in Section 4.3.7.  The accuracy of the pressure transducer will be periodically verified 

using the sounder probe.  Data collected by the data logger will be downloaded daily.  

Maintenance for the pressure transducer/data logger assembly will follow the guidelines of the 

operations manual.  The assembly will be stored in a clean, secure location when not in use.   

 

4.5.5 Flow Meters 

 
Flow meters will be capable of measuring flow rates in the range needed for well 

development and hydraulic testing.  The flow meters will have a sensitivity of approximately 

5 percent of the measured flow rate.   Maintenance and calibration of flow meters will follow the 

guidelines of the operations manual.   
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4.5.6 Spectrophotometer 

 
The spectrophotometer used to measure sulfate concentrations in the field will be a 

multi-wavelength unit designed for field analysis.  A Hach DR-2500 spectrophotometer, or 

equivalent, will be used.  Depending on reagents, the DR-2500 has a range of 2 to 900 mg/L 

sulfate.  Maintenance and calibration of the spectrophotometer will follow the guidelines noted 

in the operations manual.  The unit will be stored in a clean, secure location when not in use.   

 

4.5.7 Consumables  

  

The field technician, under the direction of the HGC QA Manager, has the responsibility 

for performing daily checks of consumables and for ensuring that there is adequate supply.  

Consumables include the following:   

 

• Groundwater sampling containers prepared with preservatives. 

• Sample identification labels and packing supplies. 

• Coolers and ice for sample storage and transport. 

• Disposable gloves for groundwater sampling. 

• Markers and/or ink pens for sample labeling and for recording field activities. 

• Detergent and water for decontamination. 

• Laboratory grade de-ioned water for QC samples. 
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4.6 Field Documentation and Reporting 
 

Field notes will be maintained for all sampling, drilling, well construction, well 

development, and pump test activities.  The field logbook will be a bound, water resistant 

notebook with consecutively numbered pages.  Documentation in the field logbook will be 

sufficient to reconstruct a field activity, including any corrective actions taken, without relying 

on memories from field team members.  At a minimum, the information specified in Procedure 

DH-A of PDSI (2006) will be recorded in the field logbook (Appendix A).  Deviations from the 

ACP or this QAPP also will be noted in the logbook.  Field logbooks will be clearly identified on 

the cover with the project name and each page of the logbook should note the date that the entry 

was made.  Entries will be made in blue or black ink.  Incorrect entries will be crossed out with a 

single stroke and the change will be initialed and dated by the person making it.  Manually 

recorded data will be transferred to an electronic format after field activities are concluded.  

Specialized information for some tasks may be recorded on field forms developed for that data 

type (e.g., groundwater sampling forms, geologic logs, well construction logs).  When combined 

with the field logbook, these comprise the field record for the ACP.   

 

At the end of each day, the carbon copy of the pages of the day’s entries in the field 

logbook will be removed, or the pages will be photocopied, and stored in a secure area.  Field 

forms and any other field checklists also will be photocopied and stored at the end of each day. 

This practice will protect against lost data should the logbook or forms be lost or destroyed.  

Data measured by field instruments and recorded in digital storage devices will be downloaded 

daily for processing.  At least once a week, all data that was collected in the field, including field 
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notes, field forms, checklists, and electronic data, will be presented to the HGC QA Manager for 

review and verification.  

 

4.7 Field Corrective Action Procedures 
 

Corrective action procedures will be taken for all field nonconformances.  

Nonconformances are defined as events or measurements that are either unexpected or do not 

meet established acceptance criteria and that might affect data quality if uncorrected.  Examples 

of nonconformances include:   

 

• Incorrect use of field equipment. 
 

• Field instrument failure. 
 

• Improper sample collection, preservation, and shipment procedures. 
 

• Incomplete field documentation, including COC records. 
 

• Incorrect decontamination procedures. 
 

• Incorrect collection of QC samples.   
 

The appropriate corrective action will depend on the nonconformance.  In cases where 

immediate and complete corrective action can be implemented by field personnel, corrective 

actions should be completely described in the field logbook.  If a nonconformance can not be 

completely and immediately corrected in the field, the individual involved with the field activity 

will immediately notify the HGC QA Manager and corrective actions will be taken as described 

in Section 6.5.  
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5. ANALYTICAL LABORATORY PROCEDURES 
 

 Upon receipt of samples from HGC field activities, the analytical laboratory will be 

responsible for sample handling, analysis, and reporting.  Analytical laboratory procedures must 

be conducted in a consistent, accurate, and quality controlled manner so that the data generated 

from field activities is useful for achieving the purposes of the Work Plan.  This section 

discusses the following items related to QA of analytical laboratory procedures:   

 

• Licensure 

• Sample receipt and handling 

• Analytical methods 

• Laboratory QC samples 

• Laboratory equipment  

• Reporting 

• Corrective action   

 

PDSI currently uses ACZ Laboratories, Inc. of Steamboat Springs, Colorado (ACZ) for 

analysis of samples.  For consistency, samples collected by HGC will be analyzed by ACZ; 

however, alternative laboratories may be used at the discretion of the HGC Project Manager.  

Therefore, the analytical laboratory requirements are discussed generically.   
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5.1 Licensure 
 

 The designated analytical laboratory and any laboratories to which sample analyses will 

be subcontracted shall be licensed by Arizona Department of Health Services (ADHS) to 

perform each analysis requested, unless ADHS licensure is not provided or required for that 

particular method.  If the status of the laboratory's license changes, or if laboratory performance 

is unsatisfactory, an alternate licensed analytical laboratory may be selected to perform the 

analyses.  A laboratory performing analyses will notify the HGC Project Manager for approval 

prior to subcontracting analyses to another licensed laboratory.  Documentation verifying the 

subcontracted laboratory’s ADHS license must be received by the HGC Project Manager prior to 

performance of the analytical services.   

 

5.2 Sample Receipt and Handling 
 

 When the samples arrive at the laboratory, the laboratory will check samples for label 

identifications and complete, accurate COC documentation.  The sample condition will be 

checked and recorded on the COC.  Any discrepancies between the COC documentation and 

sample labels, any inaccurate or incomplete sample preservation, or any problem encountered 

that may compromise the sample integrity must be noted and communicated to the person 

submitting the samples and to the PDSI or HGC QA Managers.   

 

 A unique laboratory ID number will be assigned to each sample.  This number will be 

cross-referenced to the sample field ID to avoid the possibility of mislabeling.  Analytical reports 

will contain both laboratory ID numbers and field IDs for sample results.  Access to the sample 
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control area will be restricted to prevent unauthorized contact with samples, extracts, or 

documentation.  All samples and extracts will be maintained by the laboratory until at least 

30 days following the release of the final report.  A detailed description of the laboratory sample 

receiving, custody, login, and tracking procedures will be contained in the laboratory’s QA plan 

and/or SOP.   

 

 Samples may be shipped from one laboratory to another for analysis.  Laboratories will 

package and transport samples as described in Section 4.2.3.  The temperature inside the cooler 

will be checked and documented on the COC by the receiving laboratory upon receipt of the 

samples.  Samples shall then be placed immediately on ice or in a refrigerator at 4 °C " 2° at the 

receiving laboratory.   

 

5.3 Analytical Methods 
 

 Samples collected as part of the ACP will be analyzed for the following major element 

ions and parameters: calcium, magnesium, sodium, potassium, sulfate, chloride, fluoride, nitrate-

nitrite, silica, hardness, total dissolved solids, alkalinity, and pH.  Water samples will be 

analyzed using the methods specified in Table 2.  If analyses by alternative methods are deemed 

necessary or more appropriate by the Laboratory Project Manager, they will first be approved by 

the HGC QA Manager and by ADEQ.  The following documents can serve as a guide in 

selecting alternative methods.   

 

• Analytical Methodologies Designed for Testing Conducted Under the Clean Water 
Act, CFR, Title 40, Part 136.  
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• National Primary Drinking Water Regulations Analytical Methodologies, cited in the 

Federal Register under the National Primary Drinking Water Regulations. These may 
be used to evaluate groundwater concentrations as they pertain to human receptors of 
drinking water. 

 
• Standard Methods for the Examination of Water and Wastewater American Public 

Health Association, 1995). These are EPA-approved methods for analysis of 
inorganic compounds and can be used to evaluate surface water or groundwater 
samples.  

 

 The laboratory performing sample analysis should use the most efficient and cost-

effective approach to achieve the accuracy and precision requirements of this QAPP.  Target 

method detection limits (MDLs) are given in Table 2 of PDSI (2005a) (Appendix A).  If sample 

dilution is necessary due to a relatively high concentration of an individual compound or if there 

is interference, the MDLs and other DQIs may not be achieved for every analyte.  Similarly, 

matrix interferences may cause surrogate and analyte recoveries to fall outside of the required 

percent recoveries listed in the laboratory’s SOPs.  The laboratory will document all analyte and 

matrix interferences in all laboratory reports and evaluate the possible matrix effects using 

ADEQ policy 0154.000 Addressing Spike and Surrogate Recovery as They Relate to Matrix 

Effects in Water, Air, Sludge and Soil Matrices (ADEQ, 1998a). Analytical data will be qualified 

by the ADEQ Data Qualifiers (Appendix D).   

 

 If laboratory results are outside any of the method acceptance criteria or the acceptance 

criteria listed in the laboratory’s SOPs, the laboratory will document the deviations in the case 

narrative.  If deviations are the result of laboratory procedures, the laboratory will take the 

appropriate corrective action, such as re-analysis of samples or a detailed review of instrument 

output.   
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5.4 Laboratory Quality Control 
 

 QC of laboratory operations consists of documentation of all actions taken by personnel 

regarding issues such as equipment maintenance, reagent purity, standards traceability, waste 

disposal, and corrective action systems.  These policies should be specified in each laboratory's 

QA manual.   

 

The designated laboratory should be familiar with and follow ADEQ Policies related to 

QA/QC of laboratory results such as Policy 0154.000, Addressing Spike and Surrogate Recovery 

as They Relate to Matrix Effects (ADEQ, 1998a), and Policy 0155.000, Analytical Methods 

Having Provisions for a One-point Calibration and Continuing Calibration Verification 

Constraints (ADEQ, 1998b).  Laboratory QA/QC procedures will be in accordance with method 

requirements and as described in each laboratory's QA plan and/or SOP.  The laboratories’ QA 

plan and SOP will be provided by the laboratory if requested.   

 

 Laboratory QC also includes the routine measurements taken within the laboratory to 

verify the integrity of analysis, data processing, and record maintenance.  The laboratory will 

analyze internal QC samples as required by the analytical methods to ensure analytical precision, 

accuracy, and representativeness.  Field samples and laboratory QC samples will be analyzed to 

a minimum reporting limit as specified by the me thod, or in-house requirements, whichever is 

stricter.  The precision acceptance criteria for those analytes (RPD; Section 3.3.1) and accuracy 
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(percent recovery; Section 3.3.3) also will be based on the stricter of in-house laboratory 

established limits or method requirements.   

 

 Typical laboratory QC samples include blank spikes, laboratory control samples (LCSs), 

method blanks, surrogates, matrix spike/matrix spike duplicate (MS/MSD) analysis, internal 

(reference) standards, and duplicate samples.  These samples are described below:   

 

$ The blank spike is a sample of water demonstrated to be free of matrix interference 
and has non-detectable concentrations of the target analyte to which a known amount 
of the analyte is added.  ADEQ Policy 0154.000 (ADEQ, 1998a) requires a blank 
spike and a blank spike duplicate to be analyzed to demonstrate both precision and 
accuracy when the MSs are unacceptable because of matrix interference.  The percent 
recovery of the blank spike and blank spike duplicate pair is used to evaluate the 
accuracy and recovery of each preparation and analytical batch, and may be used to 
establish statistical control of the analysis.   

 
$ The LCS is a standard or sample that is derived from a different source (i.e., different 

vendor or lot number) than the standards that are used to calibrate the instrument.  It 
is used as a cross-check to verify the accuracy of the calibration and typically must be 
analyzed once for every instrumental calibration (ADEQ Policy 0154.000 (ADEQ, 
1998a)). 

 
$   A method blank is a sample of water that has non-detectable concentrations of the 

target analytes. For most methods, at least one method blank is prepared for every 
batch of 20 samples. The method blank is taken through the entire analytical process 
as part of the sample batch to demonstrate that contamination did not occur during the 
testing. 

 
$   A surrogate is a compound that is expected to perform similarly to the compounds 

being analyzed in the laboratory method.  The surrogate is not normally found in the 
environment and can therefore be used to monitor the recovery efficiency of the 
analytical process. 

 
$ The MS/MSD is used to demonstrate both the precision and accuracy of the test and 

the presence or absence of matrix interferences. The MS/MSD is prepared by spiking 
a sample with a known concentration of the target compounds and taking it through 
the entire analytical process as part of the sample batch.   
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$ Internal standards are reference samples that contain a known concentration of the 
analyte.  The internal standards are used to test the accuracy of the instruments and 
analytical methods. 

 
$ Duplicate samples are taken from the same aliquot as the environmental sample being 

tested.  The duplicate sample is analyzed within the same batch and in exactly the 
same manner as the original aliquot.  Duplicate samples evaluate the analytical 
precision at the concentration of the environmental sample. 

 

5.5 Laboratory Equipment 
 

 All laboratory equipment will be maintained and calibrated as described in the 

laboratory’s QA plan and SOPs.  Any equipment problems that may affect data quality will be 

documented in the case narrative.  Regular calibration of laboratory instruments is essential to 

ensure that the analytical system is operating correctly and functioning at the proper sensitivity to 

meet established detection limits. Each instrument will be calibrated with standard solutions 

appropriate for the type of instrument and the linear range established for the analytical method. 

Each analytical method contains requirements for the number and concentration of calibration 

standards, which are described in the laboratory's QA plan.   

 

 ADHS has established criteria for instrument calibration and the quantification of 

analytes as part of the Laboratory Licensure program.  All analyses must be consistent with these 

requirements, and quantification of analytes must be consistent with the reporting requirements 

of ADHS (the lowest calibration concentration will be at or below the reporting level).  Each 

calibration will then be verified through the use of statistical tests (e.g., a Pearson's Correlation 

Coefficient or relative standard deviation calculations), initial and continuing calibration 

verification standards and blanks, and LCSs prior to the sample results being approved.   
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5.6 Laboratory Data and Reporting 
 

 Laboratories will be expected to provide preliminary analytical data reports within 15 

working days of receiving the samples and final reports shortly thereafter.  Laboratory data 

reports will be sent to the HGC QA Manager in hard and electronic formats from the designated 

laboratory.  Analytical laboratories will be expected to store the original hard copy and electronic 

reports for 5 years.  The laboratories will be expected to notify HGC prior to destruction of 

records.  The requirements for the content and the handling of hard and electronic reports are 

given below.   

 

5.6.1 Hardcopy Data 
 

 Analytical data will contain the necessary sample results and QC data to evaluate the 

DQOs defined for this project (Section 3).  Omissions or insufficient levels of detail will be 

corrected at the laboratory’s expense.  The laboratory reports will be consistent with EPA Level 

III documentation (Section 3.2) and include, at a minimum, the following:   

 

• Case narrative (including a complete description of any analytical difficulties or 
QA/QC deficiencies encountered during sample analysis), sample number cross-
reference, COC documentation, and method references. 

 
• Analytical results with cross-reference to analytical batch. 

 
• Surrogate recoveries (as applicable). 

 
• Blank results. 
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• LCS recoveries. 
 

• Sample spike recoveries. 
 

• Duplicate sample results or duplicate spike recoveries. 
 

• Outliers qualified according to ADEQ Data Qualifiers (Appendix D).   
 

The laboratory report, as defined above, will be submitted to the QA Manager for use in 

the data verification/validation process.  If requested, the laboratory will make supporting 

documentation consistent with EPA Level IV (Section 3.2.).  The following QC issues may 

trigger the need for the submission of Level IV documentation:  

 

• Continued quality issues detected through the data verification/validation process 
 

• Unexpected or unexplained sample results 
 

5.6.2 Electronic Data 

 

 An electronic data report will be submitted by the laboratory in a format that is 

compatible with HGC’s database.  HGC’s QA Manager will verify that the report is in an 

acceptable format and that all elements needed are present.  HGC’s QA Manager will enter the 

analytical data into a temporary database for verification before it is uploaded to the permanent 

database or used in any reports or calculations.   
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5.7 Laboratory Corrective Action Procedures 
 

 The internal laboratory corrective action procedures and a description of out-of-control 

situations requiring corrective action will be contained in the laboratory QA plan. At a minimum, 

corrective action will be implemented when control chart warnings, control limits,  sample 

holding times are exceeded, or if the method QC requirements are not met.  Out-of-control 

situations that cannot be resolved within 2 days of identification will be reported to HGC.  In 

addition, a corrective action report, signed by the Laboratory Project Manager and the 

Laboratory QA Manager, will be provided for the project files.  HGC’s Project Manager can 

request the re-analysis of any or all of the data acquired since the system was last in control.   
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6. DATA MANAGEMENT 
 

Reports and documentation from activities conducted under the direction of HGC will be 

submitted to the HGC QA Manager.  The QA Manager has the responsibility of processing these 

data and evaluating and maintaining the data quality.  The sequence for processing field and 

analytical data is shown in Figure 2.  This process consists of the following items: 

 

• Data compilation 

• Data entry into temporary database 

• Data review and verification 

• Data entry into permanent database 

• Reporting 

• Corrective Action 

 

6.1 Data Compilation and Entry to Temporary Database 
 

6.1.1 Field Data 
 

The field logbook and other field forms generated from field activities directed by HGC 

will be submitted to the HGC QA Manager at least once per week for review.  The HGC QA 

Manager will review the field logbook and field forms using the checklist provided in Table 4.  

This review will consist of checking for incomplete documentation and anomalous data entries.  
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The HGC QA Manager will immediately contact the person submitting the field forms to verify 

or correct missing or anomalous entries.  When the problems are resolved or if no problems are 

found, the information will be entered into a temporary data base for the sampling event.   

 

6.1.2 Laboratory Data 
 

Hardcopy and electronic laboratory reports will be reviewed for completeness (Table 4).  

Electronic data deliverables will be entered into a temporary database for review by the QA 

Manager.  Hardcopy laboratory reports will be stored in HGC’s files.   

 

6.2 Data Review, Verification, and Validation 
 

Data verification is “the process of evaluating the completeness, correctness, and 

conformance/compliance of a specific data set against the method, procedural, or contractual 

requirements” (EPA 2002b).  Data validation is “an analyte- and sample-specific process that 

extends the evaluation of data beyond method, procedural, or contractual compliance (i.e., data 

verification) to determine the analytical quality of a specific data set” (EPA 2002b).   

 

Data validation is not expected for this project.  Data validation would require a thorough 

review of all the field data and/or the analytical laboratory results to provide data documentation 

consistent with EPA Level IV requirements.  This level of review will not be performed unless 

there are persistent concerns regarding the quality of field or laboratory data.  If persistent 
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concerns do arise and an EPA Level IV package is deemed necessary, 100% of the affected data 

will undergo data validation (Section 6.4).   

 

During review and verification, project data will be stored in a temporary database 

accessible only by personnel authorized by the HGC Project Manager.  Results of the data 

verification will be documented and summarized in a data verification report that is sent to the 

HGC Project Manager and placed in the HGC project files (Section 6.4).  The HGC QA Manager 

also will prepare a draft report of the new data that have been entered and reviewed against 

original input data.  Any comments or required revisions will be noted on the draft report.  Once 

all data verification issues have been resolved, the verified data will be entered into the 

permanent database.  Data collected under the direction of PDSI will be reviewed and verified 

according to the provisions of its quality assurance plan (PDSI, 2005a) (Appendix A).  Once data 

has been verified by the PDSI QA Manager and entered into the PDSI database, the data can be 

transferred to HGC without re-verification by the HGC QA Manager.   

 

6.2.1 Field Data 
 

The HGC QA Manager will review and verify all field data to evaluate their 

completeness and check for data anomalies prior to entry into the permanent project database.  

Where appropriate, DQI’s will be evaluated as described in Section 3.3.  The data quality 

assessment checklist, provided in Table 4, will be completed as part of this review.   
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6.2.2 Laboratory Data 
 

The HGC QA Manager will verify analytical data by reviewing it for compliance with the 

QA/QC specifications outlined in the analytical methods and Table 4 of this QAPP.  After the 

data have been verified, the HGC QA Manager will determine whether the DQOs have been met.   

Data verification flags will be applied to those sample results that fall outside acceptance criteria 

specified in the analytical methods, the laboratory SOPs, and this QAPP and therefore did not 

meet the DQOs.  Data verification flags to be used for this project are defined by the ADEQ Data 

Qualifiers (Appendix D).  Data verification flags will indicate whether results are considered 

anomalous, estimated, or rejected.  Only rejected data are considered unusable for decision-

making purposes, however, other qualified data may require further verification.  All corrective 

action to be taken by the laboratory should be completed as described in Section 5.7 and 6.5 

prior to the final review of the data.   

 

6.2.3 Final Data Assessment 
 

All field and laboratory data will undergo a final data assessment (Table 4).  This 

assessment involves checking data entered into the temporary database with the original data 

source and, where appropriate, comparing data against time series plots to check for data 

anomalies.  The final assessment also will verify that all QA issues have been resolved and 

proper corrective actions have been taken.   
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6.3 Data Storage and Data Transfer 
 

 Data generated by PDSI will be shared with HGC so that a comprehensive database of all 

ACP activities can be maintained.  Data will be exchanged only after being verified.  To the 

degree possible, data transfer should be performed electronically to eliminate human 

transcription errors.  When electronic data transfer is not possible, a staff member will manually 

input data to the database, and another staff member will proof these manually entered data to 

ensure that they are correct before they are uploaded and reported.  Key data that cannot be 

verified will be brought to the attention of the appropriate QA Manager.  All reported results are 

ultimately stored in the permanent project database along with original copies of field notes, 

monitoring forms, and laboratory reports being stored in PDSI or HGC project files.   

 

6.4 Reporting 
 

 A data verification report will be prepared by the HGC QA Manager for each sampling 

event, or on another routine basis, as specified by the HGC Project Manager.  The report will 

summarize data flags, document corrective actions, and evaluate the data quality against the 

DQO’s.  Each report also will include a summary of any significant QA/QC problems.  If data 

quality problems necessitate data validation and reporting, the content and frequency of such 

reports will be identified in the verification report.   

 

The HGC QA Manager will assemble a data package for each sampling event or field 

activity.  Where applicable, the data package is to include the following: 
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• Field documentation of monitoring, sample collection, and handling records (Sections 
4.2.3 and 4.6) 

 
• Field equipment calibration and decontamination records (Sections 4.5.2 and 4.2.1.5) 
 
• QC sample collection records (Section 4.2.1.4) 
 
• COC forms (Section 4.2.3) 
 
• Sample receipt records and shipping bills (Section 4.2.3) 
 
• Laboratory analytical reports including laboratory QC summaries (Sections 5.6) 

 
• Data Quality Assessment Checklist (Table 4) 
 

6.5 Corrective Action 
 

The QA Manager and Project Manager will promptly and thoroughly act to correct any 

nonconformance that is expected to compromise the quality of the project data.  Rapid and 

effective corrective action minimizes the possibility of questionable data or documentation.  All 

QA problems and corrective actions will be documented by the HGC QA Manager and explained 

to the HGC Project Manager in a brief memorandum.  This documentation will provide a 

complete record of QA activities and also will help to identify long-term corrective actions that 

may be necessary.  After the source of the error is determined and remedied, the HGC QA 

Manager will ensure that all suspect data are either deleted from the permanent database or re-

collected.   

 

Corrective action procedures will depend on the nonconformance.  For a nonconformance 

that can be easily corrected, immediate corrective actions can be taken in the field or laboratory.  



 

 
Quality Assurance Project Plan for Aquifer Characterization Plan  
G:\783000\REPORTS\QAPP.doc 
August 11, 2006 61 

Often, the source of the problem is obvious and can be corrected at the time of observation.  

Nonconformances that have substantial impact on data quality will require the completion of a 

Corrective Action Request Form (Figure 3).  This form may be filled out by any project 

individual who suspects that any aspect of data integrity is being compromised by a 

nonconformance.  Each form is limited to a single nonconformance.  Copies of the corrective 

action request form will be given to the HGC Project Manager and be placed in the project file. 

The HGC Project Manager and QA Manager will meet along with other staff as necessary to 

discuss the appropriate steps to resolve the problem. Issues that may be discussed include the 

following:   

 

• Determination of when and how the problem developed  

• Assignment of responsibility for problem investigation and documentation 
 
• Determination of the corrective action to be implemented to eliminate the problem 
 
• Development of a schedule for completion of the corrective action 
 
• Assignment of responsibility for implementing the corrective action 
 
• Documentation and verification that the corrective action has eliminated the problem 

 

 The HGC Project Manager can require field and/or laboratory activities to be limited, 

discontinued, or repeated until the corrective action is complete and the nonconformance 

eliminated.  The HGC Project Manager should continue to monitor the status of corrective 

actions and periodically (as determined in the corrective action report) complete a corrective 

action status report.  This report should briefly describe the problem, the individual who 

identified it, and list the personnel who are responsible for the determination and implementation 

of the corrective action.  Completion dates for each phase of the corrective action procedure will 
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also be listed in the status report, along with the date for the designated personnel to review and 

check the effectiveness of the solution.  A follow-up date will also be listed to check that the 

problem has not reappeared. This follow-up will be conducted to ensure that the solution has 

adequately and permanently corrected the problem.   
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TABLE E.1
Summary of EPA Analytical Levels

EPA Analytical 
Level

Type of Analysis Accuracy Sensitivity Level of Documentation

Field Check
Level 1

Routine 
Screening
Level II

Level III Analysis of major element 
ions using standard EPA 
procedures.

High; provides data of 
known bias and precision 
for an overall accuracy 
level that is useful for 
most applications.

Moderate to high; sufficient 
to document presence or 
absence of a wide range of 
chemicals.

Low to moderate; 
summary of quality 
assurance results is 
provided but is usually 
not adequate for an 
independent verification 
of results.

Program 
Specific
Level IV

The QC requirements may be specially defined for each level.  For example:
-- Level I requirements may include running only a standard and a blank.
-- Level II requirements may include a blank and running multiple standards to determine the range.
-- Level III requirements would include the QA/QC required by the method.
-- Level IV requirements would include Level III requirements, plus any additional steps you would like the

laboratory to take, such as CLP protocols.

Low; provides general 
indication of 
contamination.

Low to moderate; at least 
sufficient to screen for general 
levels of ions.  Instruments 
may not be sensitive to some 
chemicals.

Low; often digital 
readout of final result 
only or visual indication 
of concentration range 
(e.g., by change in color.)

Temperature, pH, and 
specific conductivity 
measurement using 
portable instruments. 

Standard analyses of major 
element ions using EPA 
procedures.

High; similar accuracy as 
Level III with a focus on 
confirmation of results.

Moderate to high; similar 
sensitivity as Level III but 
most standardized protocols 
focus on characterization of 
waste materials.

Rigorous; standardized 
data package of sample 
and quality assurance 
results is sufficient for 
independent verification 
of results.

Preliminary analyses of 
sulfate using in-field 
method.

Moderate; provides data 
typically as concentration 
ranges

Moderate to high; sufficient 
to document presence or 
absence of selected 
chemicals.

Low; often only the final 
quantitative results 
without supporting quality 
assurance data.
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TABLE E.2
Groundwater Sampling and Analysis Requirements

Analyte Method MDL (mg/L) Container Preservation Holding Time
Filtered (F), 

Unfiltered (U)

pH EPA 150 N/A
500 mL plastic or 

glass
N/A

analyze 
immediately

U

Temperature (Co) Thermometric N/A
500 mL plastic or 

glass
N/A

analyze 
immediately

U

Conductivity Conductance N/A
500 mL plastic or 

glass
N/A

analyze 
immediately

U

TDS SM 2540C/160.1 10 250 mL HDPE 4º C 7 days F

Total Alkalinity (as CaCO3) SM 2320B 2 500 mL HDPE 4º C 14 days U

Chloride EPA 300.0 1 250 mL HDPE 4º C 28 days F

Fluoride EPA 300.0 0.1 250 mL HDPE 4º C 28 days F

Nitrate EPA 300.0 0.02 250 mL HDPE 4º C 48 hours F

Nitrite EPA 300.0 0.02 250 mL HDPE 4º C 48 hours F

Sulfate EPA 300.0 10 250 mL HDPE 4º C 28 days U, F

Calcium EPA 200.7 0.2 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Magnesium EPA 200.7 0.2 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Potassium EPA 200.7 0.3 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Sodium EPA 200.7 0.3 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Ammonia EPA 350.1 0.05 500 mL HDPE
4º C;                        

H2SO4 to pH < 2 28 days F

Barium EPA 200.8 0.0001 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Strontium EPA 200.7 0.01 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Ferrous Iron EPA 3500 0.01 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Iron (total) EPA 200.7 0.02 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months U

Manganese EPA 200.7 0.005 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Boron EPA 2007 0.01 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Aluminum EPA 200.7 0.03 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Phosphate EPA 365.1 0.01 250 mL HDPE 4º C                   48 days F

Sulfide EPA 376.2 0.02 125 mL HDPE
4º C;  Zn acetate; 

pH>9 NaOH
7 days F

Silica (total) EPA 200.7 0.2 125 mL HDPE 4º C                   28 days U

Silica (soluble) EPA 200.7 0.2 125 mL HDPE 4º C 28 days F

Selenium EPA 200.7 0.004 250 mL HDPE
4º C;                        

HNO3 to pH < 2 6 months F

Total organic carbon EPA 415.1 1 250 mL HDPE
4º C;    HCl or 

H2SO4 to pH < 2 28 days U

Chemical Oxygen Demand EPA 410.4 10 250 mL HDPE
4º C;                        

H2SO4 to pH < 2 28 days F

Total hardness SM 2340B Calculation N/A N/A N/A F

Silt density index (SDI) ASTM D4189-82 N/A 500 mL HDPE N/A N/A U

Bacteria (count/ml) EPA 9222D 1 cfu / 100mL
100 mL HDPE     

(Sterile)
4º C;                        

H2SO4 to pH < 2 24 hrs. U

Turbidity EPA 180 N/A 500 mL HDPE N/A 48 hrs. U

Constituents for General Chemistry

Constituents for Water Treatment Evaluation
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TABLE E.3
Sample Shipment Checklist

Sample Handling Checklist Yes No Not Applicable
Sample bottles are free of defects and in their original packaging:
Field Duplicate samples named with unrecognizable IDs and actual locations recorded in field logbook
Samples labeled with:

Sample Name/Date (e.g., LE-1-041604)
Analyses Required
Sample Matrix
Filtered or Unfiltered
Sampler's Initials
Preservative

COC filled out with:
Project Name, required signatures, dates, and times
Analytical Suite required
Date and time of sampling, sample IDs, sample matrix
Number of containers submitted
QA Sample IDs, matrices, date and time of sampling

Samples stored on sufficient ice to remain at 4ºC until arrival at lab
Sample package will not leak during shipment
Sign COC to relinquish sample custody, remove pink slip, and enclose original in sample shipment
Samples shipped withing 48 hours of collection

Notes:
COC = Chain of Custody
QA = Quality Assurance
ID = Identification
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TABLE E.4
Data Quality Assessment Checklist

Yes No
Not 

Applicable

Field Data
Field Logbook Entries Current
Field Sampling Forms Completed
Borehole and Lithologic Logging Forms Completed
Well Construction Diagrams Completed
Hydraulic Testing Forms Completed
Anomalous Data Entries Resolved
Chain of Custody Forms Completed
Correct Analyses Requested

Laboratory Data
Hard Copy Reports Received
Electronic Reports Received
Case Narrative and QC Summaries Included in Report

Field Data
Groundwater Sampling
Monitoring Conducted at Correct Locations
Measuring Point for Water Levels is Consistent
Field Equipment Calibration Requirements Met
Field Equipment Decontaminated Before Uses
Purge Parameters Stabilized Prior to Sample Collection
QC Samples Taken at Appropriate Frequency

Drilling and Well Construction
Lithologic Logging per ASTM Standards
Reconnaisance Borehole Sampling Completed

Portable Spectrophotometer Samples
Laboratory Samples

Wells Properly Constructed
Hydrualic Testing Properly Conducted

Laboratory data
All Required Analyses Performed
Holding Times and Temperatures Met
Laboratory QC Samples Within Acceptable Limits
Field QC Samples Within Acceptable Limits
MDLs < Target MDLs

Final Data Quality Assessment Checklist: Yes No
Not 

Applicable
Data Entry Checked Against Original
Time-Series of Analytical and Field Data Checked for Anomalies
QA Issues Resolved and Documented
Corrective Action Taken and Documented
Notes:

QC = Quality Control
QA = Quality Assurance
MDLs = Method Detection Limits
PQLs = Practical Quantification Limits
RAOs = Mitigation Order Objectives

Data Compilation

Data Review and Verification
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FIGURE E.3 
CORRECTIVE ACTION FORM 

 
 
Service or Activity:_______________________________________Date:___________ 
_____________________________________________________________________ 
 
Contractor or Support Organization:_________________________________________ 
Date Discovered:__________  Location:______________  
Notation in Logbook Vol. No. _____   Page_____  Date_______ 
 
Nature of Alteration: Description of Alteration and Apparent Cause: 
(  )Procedural Deficiency   ______________________________________________ 
(  )Data Deficiency  _______________________________________________ 
(  )Instrumentation Def.     _______________________________________________ 
(  )Other   _______________________________________________ 
 
Recommended Disposition:  Justification for Recommended Disposition: 
(  )Accept Deviation _______________________________________________ 
(  )Modify Plan/Procedure _______________________________________________ 
(  )Repeat Service/Activity _______________________________________________ 
(  )Terminate, Recommended Corrective Action:_______________________________ 
(  )Conditional Acceptance*_______________________________________________ 
*State Conditions_______________________________________________________ 
_____________________________________________________________________ 
Originator:____________ Organization:______________ Phone: ______________ 
Corrective Action Verification: 
(  ) Verified (note any appropriate conditions):_________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
(  ) Cannot verify (note reasons for lack of verification):_________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
Project QA:_________________ Date:_____________ 
(Use space below for comments or extensions to the above topics.) 
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PHELPS DODGE SEIRRITA 
QUALITY ASSURANCE/QUALITY CONTROL PLAN 

AND FIELD SAMPLING PLAN 
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Dye Tracer Flow Velocity Profiling and HydroBooster™ Groundwater Sampling  
 
1. Dye Tracer Flow Velocity Profiling – General Description 
The Dye Tracer Flow Velocity Profiling System (DT) is a USGS method and apparatus 
patented technology and was constructed and is operated by BESST, Inc. under 
exclusive license from the USGS.  The technology has the ability to provide a dynamic 
flow velocity profile from virtually any type of production, remediation or monitoring well 
without first having to remove the pump from the well.  The end result of the method 
produces a quantitative groundwater production profile of water influx along a well 
screen under dynamic flow pumping conditions along the entire well screen.  The 
velocity and production profiles generated by this technology are comparable to profiles 
generated by spinner logging tools under dynamic flow conditions.  The setup schematic 
for the Dye Tracer (DT) system is presented in Figure 1.  
 
The DT system is composed of six main components: 

a. Flexible Dye Injection Hose w/ Injection Nozzle 
b. Motorized Hose Spool for deploying and retrieving the dye injection  

tubing w/ nozzle 
c. Injection Pump / w/ Pneumatically Controlled Solenoid for the injection 

pump and Valve Switching Unit 
d. Injection Control Unit 
e. 10-AU Fluorometer from Turner Designs 
f. Rhodamine Red Dye (NSF 60 Approved) 

 
Figure 1: Schematic of Dye Tracer Flow Velocity Profiling System 
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1.1 Planning and Field Preparation 
The first step in operation of the DT system is access to the well of interest.  Preparation 
consists of communication between the consultant, water purveyor and BESST in order 
to determine the most suitable access points into the well – between the pump column 
and interior well casing wall. Schematics of the pump and pump house and multiple 
photos of the well head are typically reviewed before the start of any project.  Once 
reviewed, a planned approach is agreed to before commencement of work.   
 
The DT tubing and injection nozzle typically ranges between ½-inch to ¾-inch in 
diameter.  The small diameter and flexibility of the tubing and nozzle assembly make it 
possible to bypass the pump column, down-hole impeller bowls and / or electric pump 
motors.  A key factor in successfully inserting the injection tubing and nozzle is the 
attachment of a small diameter steel cable or weighted chain to a metal loop located and 
attached just below the injection nozzle.  The weight attachment makes it possible to 
move the DT tubing up and down in the well without turning off the pump. 
 
In typical applications, the DT tubing is lowered through a mechanical counter that 
indicates the depth of the injection nozzle.  The injection process can be started near the 
top of the pump or impeller bowls or from the bottom of the well screen.  Injection points 
are typically laid out on a 10- to 20-foot vertical grid in order to obtain enough data points 
to vertically profile production along the well screen.   
 
Prior to well injection, 50 ml of Rhodamine Red (RR) (from Bright Dyes, Inc.) is injected 
into a 5-Gallon bottle of DI water.  The solution from the RR bottle is then fed by the 
injection pump (IP) to the injection line until the line is completely filled with the RR 
solution.  When released into a well, each second of injection by the Injection Control 
Unit (ICU) is equivalent to approximately 20 ml of RR released from the injection nozzle 
(IN).  Figure 2 below shows a typical setup for the DT system at a production well 
location in northern Nevada. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Typical trailer setup for Dye Tracer Flow Velocity Profiling System – at a location 
in northern, Nevada. 

 
 
While the system is in non-injection mode and idling, the RR solution is circulated in the 
RR reservoir bottle to prevent air bubbles from entering the liquid and being injected into 
the well.  Additionally, an electronic float sensor is placed within the RR reservoir bottle 

Rhodamine Red Solution in Reservoir Bottles with Circulatory and 
Tubing. 

Down-Hole Dye Injection Tubing 

Electronics and Pneumatics Housing 
Located Below Motorized Hose Spool 
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to prevent air from being drawn into the injection line.  As a result, when the RR solution 
is drawn down to the lower third of the RR bottle, the injection pump automatically shuts 
off.  More RR solution is then added to the bottle before RR injection is continued. 
Introduction of air into the injection line is undesirable since air bubbles can cause 
delays in the return time of the RR to the fluorometer. 
 
1.2 General Description of Equipment 
The fluorometer used for the velocity profiling is a Model 10-AU from Turner Designs 
and is shown in Figure 3.  The 10-AU Fluorometer measures the concentration of 
various analytes in samples of interest via fluorescence.  In the case of dynamic flow 
velocity analysis for wells, the analyte of interest is artificially introduced in order to 
measure the peak concentration return times of rhodamine red from the release point to 
the fluorometer via the discharge path of the pumping well.  The return concentrations 
are typically in the part per billion range.  Light or exciting light from a light source within 
the fluorometer is passed through a color filter specific to rhodamine red, that transmits 
light of the chosen wavelength range (color).  The wavelength of the exciting light that 
falls on the sample is set by the choice of the light source and the excitation filter.  The 
emitted light radiates in a sphere from the light source and is directed towards the 10-AU 
detector through an emission filter.  The purpose of the emission filter is to prevent any 
scattered exciting light from reaching the detector (photomultiplier tube) and to pass the 
emitted color that is specific to the analyte of interest.  The concentration of the RR 
solution is directly proportional to the signal response received by the fluorescing light 
emitted by the rhodamine red that is received by the detector.  The concentration is 
typically reported on an analog display panel located on the front of the 10-AU (Turner 
Designs, 1996).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 3: Model 10-AU fluorometer from Turner Designs. 
 
 
To-the-second consistency of injection time, and bubble free RR injection solution is the 
key to establishing meaningful and reproducible results for defining dynamic flow velocity 
measurements in any well under study.  Figure 4 shows a BESST, Inc. injection control 
unit for tightly regulating injection pulse times. Figures 5 and 6 provide a more detailed 
look of the circulatory system of the dye injector. 

 

Water Intake From Water Well Discharge 

Water Output to Discharge Point 
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Figure 4: Dye Injection Control Unit for to-the-second regulation of dye injection pulses. 
 

    
Figure 5: Electrical and Pneumatics components inside 
housing are controlled by the Dye Injection Control 
Unit (Figure 4). The housing contains injection pump, 
injection pressure regulator, pneumatically controlled 
valve switching solenoid, fuse box, electrical circuits 
and primary and secondary valve control units.   

Figure 6: Bottle to right contains primary RR reservoir.  
When the large oval red button is depressed on the Dye 
Injection Control Unit (Figure 4), the RR solution is fed from 
the red tube, then to the injection pump, and finally through 
the injection nozzle and into the well.  When the injection 
pump is idling, the RR solution circulates through the blue 
tube and red tube in the primary RR reservoir bottle.  The 
secondary RR bottle receives excess RR that is not used 
during an injection pulse.  
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1.3 Injection Procedure 
Prior to the first dye injection, the well of concern is typically pumped at the specified 
pumping rate for the flow velocity test until draw down stabilization inside the well has 
been reached.  Periodic readings are recorded from a flow meter attached to the 
discharge line.  Ideally, the flow meter is attached to the discharge line at a distance of at 
least 10 feet from the well head in order to minimize the effect of pipe fluid turbulence on 
the flow meter reading.  
 
The first step in the dye injection process is to lower the injection tubing and nozzle 
through a mechanical counter to the first injection point in the well.  Often times, the 
injection process starts from the well bottom – since the weighted end of the injection 
tubing is used to verify the actual well depth.  Therefore, as a matter of convenience, the 
first injection point is typically near the bottom of the well.  The injection points are then 
executed along a vertical ascending grid.  At the point of dye injection, the release time 
is manually noted in a field log.  Each release time is selected from a scrolling time and 
concentration log which appears on a laptop screen – the laptop being directly 
connected to the fluorometer.  The communication of this information through the laptop 
is facilitated through the laptop’s default communication software called Hyperlink. An 
example of the laptop display is shown in Figure 7 below. 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Streaming Laptop Hyperlink Communication Display from AU-10 Fluorometer.  Date, time 
and concentration value are reported and stored in continuous scrolling format. 

Figure 8: Laptop connected to 10-AU 
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1.4 Data Requirements 
During the course of completing the vertical dye injection grid, some of the injection 
points are repeated in order to establish travel time and velocity reproducibility. Once all 
of the injection points are completed, the data is entered into an Excel spreadsheet with 
built-in data calculations that facilitate the generation of the flow profile – using the Excel 
chart function.  The basic equation (Izbicki, 2000) used for calculating flow velocity is: 
 
Q= (Vπr2) 
 
where,   
 
V = (d2-d1) / (t2-t1) 
 
Q = flow in gallons per minute (gpm) 
d = injection depth 
d2 = injection depth # 2 
d1 = injection depth # 1 
t = travel time of peak tracer concentration from release point to detector 
t2 = return time for rhodamine red peak to fluorometer detector for d2 injection point 
t1 = return time for rhodamine red peak to fluorometer detector for d1 injection point 
 
Other factors that are required for the solution and interpretation of the results are well 
diameter, pump diameter, pump column diameter and length, depth of pump intake, well 
screen interval(s), and length of well screen located above the pump.  Other pieces of 
information that can play a role in the interpretation of the results are driller’s logs from 
when the well bore was drilled and any geophysical logs such as resistivity short and 
long normal, spontaneous potential (SP), gamma ray, neutron, caliper, video surveys 
and others. 
 
As far as data plotting, there are various types of valid presentation formats.  One type of 
format (presented in Figure 9) plots depth on the y-axis, percent flow on the top x-axis 
and GPM discharge on the bottom x-axis.  Additionally, lithologic and geophysical 
information are presented in co-plots to the right in order to correlate lithologic and 
geophysical properties to production.     
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Figure 9: Blue curve displays flow profile of production well – where injection depth 
points are shown along y-axis.  Top x-axis shows percent contribution with depth and 
bottom x-axis shows discharge with depth in GPM. Magenta shaded curve displays 
resistivity in ohms and green-shaded curve shows spontaneous potential (SP) in 
millivolts (MV).   
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2.  HydroBooster™ Groundwater Sampling – General Description 
The HydroBooster™ pump is a high-lift gas displacement pump that was designed 
by BESST, Inc. for the USGS for collecting groundwater samples from active 
production wells without having to remove the pump (USGS, 2004).  The 
HydroBooster™ pump spans from 6 to 18-inches in length (depending on model) 
and ranges in diameter from ½-inch to 7/8-inch.  The pump can be connected to any 
type of tubing (i.e. Teflon, polyethylene, nylon, etc.).  For high pressure applications, 
the tubing can consist of regular nylon, or even nylon reinforced with fiber glass or 
Kevlar for ultra high pressure applications to 3,000+ feet BGS.  Figure 10 shows an 
example of a HydroBooster™ application at a site in the California Central Valley for 
a production well under study for vertical distribution of nitrate contamination.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Setup of the HydroBooster system at a groundwater production well in the 
California Central Valley.  Groundwater samples were collected in conjunction with 
running a smaller electric pump inside the well contemporaneously with the sampling 
process.  The main production pump was removed sometime prior to the testing and is 
shown in foreground (blue housing).  The production well was under study for vertical 
distribution of nitrate contamination.  Note the flexibility of the HydroBooster system 
leading up to the well head.  

 
 
As with the Dye Tracer Flow Velocity Unit, the tubing for the HydroBooster™ system is 
flexible, permitting access into various types of production well settings without having to 
remove the pump.  The different types of BESST pump models used for groundwater 
sampling in production wells (as well as small diameter and Westbay Multi Port wells) is 
shown in Figure 11.  The pneumatic lift formula used for the gas displacement pump is 
the following: 
 
Minimum Pneumatic Lift Pressure = X’/[(2.31’/PSI) x 1.1] 
 
where, 
 
X= depth of pump below ground surface 
2.31’ / PSI = approximate linear gradient of water pressure at sea level and assuming a 
specific gravity of 1. 

Flow Meter 

Out of Service Pump 

HydroBooster™ Hose Spool 

Well Head 
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1.1 = Correction factor used for increasing lift pressure by 10% to compensate for friction 
loss of the water inside the sample return line.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11:  Various models of BESSt miniaturized gas displacement pumps for 
HydroBooster system. 

 
 
The gas displacement principle that operates the pumps utilizes a single valve  
located directly below a Y-tube junction between the gas-in and sample return lines.  
When the pump with bundle is submerged within the well water, the single valve cracks 
open at about 1/3-PSI water pressure.  Groundwater from the well fills both the gas-in 
and sample return lines simultaneously through the bottom of the one-way valve.  When 
the pump is lowered to its final destination inside the well, water rising inside the two 
lines eventually rises to a point of static equilibrium.  The groundwater in the two lines is 
pumped from the system by releasing gas at the calculated minimum pneumatic lift 
pressure.  As the groundwater dispenses from the sample return line, flow is continuous 
until all of the groundwater in the gas-in and sample return lines is discharged.  During 
pressurization, the stainless steel poppet inside the pump’s valve chamber is forced to 
seat against an o-ring located at the bottom of the chamber – and therefore preventing 
back flow back out through the bottom of the valve.  As a result, the water in the sample 
return line is pushed by the water in the gas-in line in a “u-path”, and ascends up the 
sample return line as a single slug.  When all of the groundwater has exited the sample 
return line, the back end of the water slug is followed by the compressed gas that was 
pushing the entire slug.  At this point, the end of the discharge line sputters – signaling 
the end of the purge cycle.  The gas pressure is then turned off and released – allowing 
new water from the well to refill both the gas-in and sample return lines.  The procedure 
is typically repeated three times and the sample collected on the fourth purge cycle.  
This technique allows for the two lines to be cleaned by the water at each sample 
collection depth.   
 
  
 



 

 

 
APPENDIX C 

 
ASTM 2488 – DESCRIPTION AND IDENTIFICATION OF SOILS 

























 

 

 

APPENDIX D 
 

ADEQ DATA QUALIFIERS 
 



 
 
 

 1

Arizona Laboratory Data Qualifiers  
Revision 1.0 
03/20/2002 

 
(Developed by the Technical Subcommittee of the Arizona Environmental 

Laboratory Advisory Committee.  This is a revised list with additional qualifiers 
added to the original list dated 12/11/2000) 

 
Microbiology: 
 
A1 = Too numerous to count. 
 
A2 = Sample incubation period exceeded method requirement. 
 
A3 = Sample incubation period was shorter than method requirement. 
 
A4 = Target organism detected in associated method blank. 
 
A5 = Incubator/water bath temperature was outside method requirements. 
 
A6 = Target organism not detected in associated positive control. 
 
A7 = Micro sample received without adequate headspace. 
 
Method blank: 
 
B1 = Target analyte detected in method blank at or above the method reporting limit. 
 
B2 = Non-target analyte detected in method blank and sample, producing interference. 
 
B3 = Target analyte detected in calibration blank at or above the method reporting limit. 
 
B4 = Target analyte detected in blank at/above method acceptance criteria. 
 
B5 = Target analyte detected in method blank at or above the method reporting limit, 

but below trigger level or MCL. 
 
B6 = Target analyte detected in calibration blank at or above the method reporting limit, 

but below trigger level or MCL. 
 
B7 = Target analyte detected in method blank at or above the method reporting limit.  

Concentration found in the sample was 10 times above the concentration found in 
the method blank. 

 
 
 
 
 



 
 
 

 2

 
Confirmation: 
 
C1 = Confirmatory analysis not performed as required by the method. 
 
C2 = Confirmatory analysis not performed.  Confirmation of analyte presence 

established by site historical data. 
 
C3 = Qualitative confirmation performed.  See case narrative. 
 
C4 = Confirmatory analysis was past holding time. 
 
C5 = Confirmatory analysis was past holding time.  Original result not confirmed. 
 
 
Dilution: 
 
D1 = Sample required dilution due to matrix interference.  See case narrative. 
 
D2 = Sample required dilution due to high concentration of target analyte. 
 
D3 = Sample dilution required due to insufficient sample. 
 
D4 = Minimum reporting level (MRL) adjusted to reflect sample amount received and 

analyzed. 
 
 
Estimated concentration: 
 
E1 = Concentration estimated.  Analyte exceeded calibration range.  Reanalysis not 

possible due to insufficient sample. 
 
E2 = Concentration estimated.  Analyte exceeded calibration range.  Reanalysis not 

performed due to sample matrix. 
 
E3 = Concentration estimated.  Analyte exceeded calibration range.  Reanalysis not 

performed due to holding time requirements. 
 
E4 = Concentration estimated.  Analyte was detected below laboratory minimum 

reporting level (MRL). 
 
E5 = Concentration estimated.  Analyte was detected below laboratory minimum 

reporting level (MRL), but not confirmed by alternate analysis. 
 
E6 = Concentration estimated.  Internal standard recoveries did not meet method 

acceptance criteria. 
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E7 = Concentration estimated.  Internal standard recoveries did not meet laboratory 
acceptance criteria. 

 
 
Hold time: 
 
H1 = Sample analysis performed past holding time.  See case narrative. 
 
H2 = Initial analysis within holding time.  Reanalysis for the required dilution was past 

holding time. 
 
H3 = Sample was received and analyzed past holding time. 
 
H4 = Sample was extracted past required extraction holding time, but analyzed within 

analysis holding time.  See case narrative. 
 
 
BOD: 
 
K1 = The sample dilutions set-up for the BOD analysis did not meet the oxygen 

depletion criteria of at least 2 mg/L.  Any reported result is an estimated value. 
 
K2 = The sample dilutions set up for the BOD analysis did not meet the criteria of a 

residual dissolved oxygen of at least 1 mg/L.  Any reported result is an estimated 
value. 

 
K3 = The seed depletion was outside the method acceptance limits.   
 
K4 = The seed depletion was outside the method and laboratory acceptance limits.  The 

reported result is an estimated value. 
 
K5 = The dilution water D.O. depletion was  > 0.2 mg/L. 
 
K6 = Glucose/glutamic acid BOD was below method acceptance criteria. 
 
K7 = A discrepancy between the BOD and COD results has been verified by reanalysis 

of the sample for COD. 
 
K8  = Glucose/glutamic acid BOD was above method acceptance levels. 
 
 
Laboratory fortified blank/blank spike: 
 
L1 = The associated blank spike recovery was above laboratory acceptance limits. See 

case narrative. 
 
L2 = The associated blank spike recovery was below laboratory acceptance limits. See 

case narrative.  
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L3 = The associated blank spike recovery was above method acceptance limits. See 

case narrative. 
 
L4 = The associated blank spike recovery was below method acceptance limits. See 

case narrative. 
 

Note: The L1, L2, L3 & L4 footnotes need to be added to all corresponding 
analytes for a sample. 

 
 
Matrix spike: 
 
M1 = Matrix spike recovery was high, the method control sample recovery was 

acceptable. 
 
M2 = Matrix spike recovery was low, the method control sample recovery was 

acceptable. 
 
M3 = The accuracy of the spike recovery value is reduced since the analyte 

concentration in the sample is disproportionate to spike level. The method control 
sample recovery was acceptable. 

 
M4 = The analysis of the spiked sample required a dilution such that the spike 

concentration was diluted below the reporting limit. The method control sample 
recovery was acceptable. 

 
M5 = Analyte concentration was determined by the method of standard addition 

(MSA). 
 
M6 = Matrix spike recovery was high. Data reported per ADEQ policy 0154.000. 
 
M7 = Matrix spike recovery was low. Data reported per ADEQ policy 0154.000. 
 
 
General: 
 
N1 = See case narrative. 
 
N2 = See corrective action report. 
 
 
Sample quality: 
 
Q1 = Sample integrity was not maintained.  See case narrative. 
 
Q2 = Sample received with head space.  
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Q3 = Sample received with improper chemical preservation. 
 
Q4 = Sample received and analyzed without chemical preservation. 
 
Q5 = Sample received with inadequate chemical preservation, but preserved by the 

laboratory. 
 
Q6 = Sample was received above recommended temperature. 
 
Q7 = Sample inadequately dechlorinated. 
 
Q8 = Insufficient sample received to meet method QC requirements.  QC requirements 

satisfy ADEQ policies 0154 and 0155. 
 
Q9 = Insufficient sample received to meet method QC requirements. 
 
Q10= Sample received in inappropriate sample container. 
 
Q11= Sample is heterogeneous.  Sample homogeneity could not be readily achieved 

using routine laboratory practices. 
 
 
Duplicates: 
 
R1 = RPD exceeded the method control limit.  See case narrative. 
 
R2 = RPD exceeded the laboratory control limit.  See case narrative. 
 
R3 = Sample RPD between the primary and confirmatory analysis exceeded 40%.  Per 

EPA Method 8000B, the higher value was reported. 
 
R4 = MS/MSD RPD exceeded the method control limit.  Recovery met acceptance 

criteria. 
 
R5 = MS/MSD RPD exceeded the laboratory control limit.  Recovery met acceptance 

criteria. 
 
R6 = LFB/LFBD RPD exceeded the method control limit.  Recovery met acceptance 

criteria. 
 
R7 = LFB/LFBD RPD exceeded the laboratory control limit.  Recovery met acceptance 

criteria. 
 
R8 = Sample RPD exceeded the method control limit.   
 
R9 = Sample RPD exceeded the laboratory control limit.   
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Surrogate: 
 
S1 = Surrogate recovery was above laboratory acceptance limits, but within method 

acceptance limits. 
 
S2 = Surrogate recovery was above laboratory and method acceptance limits. 
 
S3 = Surrogate recovery was above laboratory acceptance limits, but within method 

acceptance limits.  No target analytes were detected in the sample. 
 
S4 = Surrogate recovery was above laboratory and method acceptance limits.  No target 

analytes were detected in the sample. 
 
S5 = Surrogate recovery was below laboratory acceptance limits, but within method 

acceptance limits. 
 
S6 = Surrogate recovery was below laboratory and method acceptance limits.  

Reextraction and/or reanalysis confirms low recovery caused by matrix effect. 
 
S7 = Surrogate recovery was below laboratory and method acceptance limits.  Unable 

to confirm matrix effect. 
 
S8 = The analysis of the sample required a dilution such that the surrogate 

concentration was diluted below the method acceptance criteria.  The method 
control sample recovery was acceptable. 

 
S9 = The analysis of the sample required a dilution such that the surrogate 

concentration was diluted below the laboratory acceptance criteria.  The method 
control sample recovery was acceptable. 

 
S10 = Surrogate recovery was above laboratory and method acceptance limits.  See Case 

narrative. 
 
S11 = Surrogate recovery was high.  Data reported per ADEQ policy 0154.000. 
 
S12 = Surrogate recovery was low.  Data reported per ADEQ policy 0154.000. 
 
 
Method/analyte discrepancies: 
 
T1 = Method promulgated by EPA, but not by ADHS at this time. 
 
T2 = Cited ADHS licensed method does not contain this analyte as part of method 

compound list. 
 
T3 = Method not promulgated either by EPA or ADHS. 
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T4 = Tentatively identified compound.  Concentration is estimated and based on the 
closest internal standard. 

 
 
Calibration verification: 
 
V1 = CCV recovery was above method acceptance limits.  This target analyte was not 

detected in the sample. 
 
V2 = CCV recovery was above method acceptance limits.  This target analyte was 

detected in the sample.  The sample could not be reanalyzed due to insufficient 
sample. 

 
V3 = CCV recovery was above method acceptance limits.  This target analyte was 

detected in the sample, but the sample was not reanalyzed.  See case narrative. 
 
V4 = CCV recovery was below method acceptance limits.  The sample could not be 

reanalyzed due to insufficient sample. 
 
V5 = CCV recovery after a group of samples was above acceptance limits.  This target 

analyte was not detected in the sample.  Acceptable per EPA Method 8000B. 
 
V6 = Data reported from one-pont calibration criteria per ADEQ policy 0155.000. 
 
V7 = Calibration verification recovery was above the method control limit for this 

analyte, however the average % difference or % drift for all the analytes met 
method criteria. 

 
V8 = Calibration verification recovery was below the method control limit for this 

analyte, however the average % difference or % drift for all the analytes met 
method criteria. 

 
 
Calibration: 
 
W1 = The % RSD for this compound was above 15%.  The average % RSD for all 

compounds in the calibration met the 15% criteria as specified in EPA method 
8000B. 

 
 
 
 
 




