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~ Ground water and tailings pond monitoring in the Upper Santa Cruz Basin Mines
Task Force Special Studies Area was' performed to determine the nature and'extent of
aquifer contamination from' copper tailings pond recharge in the basin. A monitoring
program for each of three mining areas (Mines A,B, and D) was developed." Analysis
of data shows that recharge,· from Mine A ~onds.caused. increased hardness, sJ,llfate, and
total dissolved solids in loca:l ground w~t~r. However'~--pump~ge in the ~rea has ; >" I

controlled most of the water's moveme'nt •.((Pond recharge from Mine B led to similar
conditions, and the degraded water is movtngtowards a local public-supply well.
Pumpage from Mine D.interceptor wells is cd-ntrolling some, but not all, of the move­
ment of recharge seepage fr~)Jn ponds in that \~rea. Recommendations include the' need
for enhanced monitoring programs at eacn current mine site,'deve1opment of' a.monitor­
ing program for the Mine C area, development of water budgets for all mines, investi­
gation of tailings pond'compaction and sliming, establishment of mine closure plans
for containment of recharged pond water, and'the need for additional interceptor
wells in several locations.
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Chapter 1

INTRODUCTION AND EXECUTIVE SUMMARY

A. Project Objectives

Ground water is the only source of water for domestic, industrial,
and agricultural uses in the Tucson Basin. Preliminary studies
(Upper Santa Cruz Basin Mines Task Force, 1979; Engineers Testing
Laboratory, 1973; Wahler and Associates, 1973; Hail, 1974) have
indicated that two or more tailings ponds, operated by copper mining
firms south of Tucson, may be leaking degraded water to the ground-
water system} .

The studies conducted over the past two years by the Upper Santa
Cruz Basin Mines Task Force were prompted by questions raised by the
baseline study the Task Force released in 1979 (Upper Santa Cruz
Basin Mines Task Force, 1979). The primary purpose of the current
work program is to answer the following questions asked by the above­
mentioned study:

1. Is there a g~ound-water quality problem or will there be one
due to the mining activity south of Tucson?

2. If so, what are the nature and extent of the problem?

3. If not, could there be, and if so, under what conditions?

4. What future actions could best prevent or remedy pollution
problems if they exist?

Secondly, and more specifically, the objectives for monitoring
each participating mine's tailings ponds were:

1. Mine A - To determine the source of increased sulfates and
total dissolved solids (TDS) in the gr-ound water in the
vicinity of the Mine A ponds, and to develop, as necessary
recommendations for future activities which should be undertaken.

2. Mine B - To mon±tot-changes incwater:ieveI arid. 'water"~quality
in the vicinity of Mine B tailings ponds to determine the
hydrologic impacts of the ponds, and to develop recommendations,
as necessary for future activities.

3. Mine C - To monitor changes in water level and water quality
in the vicinity of tailings ponds nos. 7 and 8 to determine
the impacts of the ponds on the ground-water quality, and to
develop recommendations, as necessary, for future activities.

- 13 -



4. Mine D - To determine the effectiveness of Mine D interceptor
wells as a management practice for mitigating downgradient
ground-water degradation, and to develop recommendations
concerning the Mine D interceptor and water-quality monitoring
system.

All monitoring programs, with the exception of Mine C's, were
approved for technical sufficiency by the Mines Task Force Technical
Subcommittee. The Mine C proposed program had too0many deficiencies
(explained in Chapter 2) to prove useful for the Mines Task Force
Work Program. The reader is referred to a report to the EPA (PEDCo.
Environmental Inc., 1983) for more information on monitoring of
Mine C's tailings ponds.

B. Organization of the Study

Chapter 1 is the Introduction and Executive Summary. It summarizes
the project's objectives, and all conclusions and recommendations from
Chapter 4. Chapter 2, Study Methodology, describes the history behind
program development and implementation, and describes individual study
area water-quality sampling methodologies. This chapter also describes
the interpretive techniques used in approaching the evaluation of the
study areas and the analytical aids involved. Chapter 3 gives a general
description of the study area's location, physiography, climate, and
hydrogeology, including regional water levels. Chapter 4 includes
the interpretive aspects of the report, as well as detailed hydrogeologic
aspects in Mine D's study area. Appendix A contains the references
cited in the text.

C. Summary of Conclusions

Seepage through tailings ponds in all the study areas has recharged
the aquifer in each respective localized area. This has resulted in
increased sulfates, hardness and total dissolved solids in some wells
downgradient of the ponds.

1. Mine A Area

a. Pumpage in the Mine A and Mine C well fields appears to be
controlling most, if not all, of the pond recharge.

b. Continued pumpage
\probably mi-~imize
Ifrom downgradient

-- ,-- ---------

of Mine A\ and_ _ _ 1._.

the threat_to
wells.

Mine C mine-supply wells will - \,
~~------=-=--."'-~- -----~. -~._-._- \

the qU~lity I)XY8::ter_p~pe_9:__ __ _\
\

2. Mine B Area

a. Recharged pond water from one Mine B pond appears to be
moving towards-at least one public-supply well.

b. Mine-supply wells are located too far from the Mine B
ponds to control the movement of recharged pond water.

- 14-



3. Mine D

a;., Mine D interceptor wells have been effective in altering the
direction of ground-water movement in the area east of the
southeast corner of the Sierrita ponds.

b. Two public-supply wells are no longer downgradient of the
Sierrita ponds, as they were in 1976-77, and, under the present
pumping regime, appear not to be threatened by recharged pond
seepage.

c. Pumpage of the interceptor wells near the Sierrita ponds is not
sufficient to control the movement of recharged pond seepage.

d. PUblic-supply wells in a nearby community which are downgradient
of the Mine D interceptor wells appear to be threatened by
recharged pond water.

D. Summary of Recoifunendations:_,-: :

1. Enhanced monitoring programs are necessary for each mine area.
These programs should include additional characterization of
pond water and determination of water budgets for pond seepage.
Additional organic, inorganic, and radiologic constituents should
be sampled in the ponds and wells.

2. More investigation of tailings pond sliming and compaction is
necessary to determine if this is an effective management tool
for minimizing ground-water recharge from tailings ponds south of
Tucson.

3. To produce an accurate assessment of current conditions in the area,
all potential sources of ground-water pollution should be investi­
gated. This program should include all ore leacrring operations
and all storage sites that involve potential radioactive contam­
ination.

5. Specific Mine Areas

a. Mine A Area

Additional monitor wells should be drilled northeast of the
ponds, and north of the San Xavier well field, and added to
the enhanced monitoring program.

b. Mine B Area

(1) Additional monitor wells should be installed,or drill
holes sampled, farther east of the ponds.

- 15 -
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(2) Information should be obtained concerning the current
pilot interceptor wells upgradient of two public­
supply wells, and there should be an investigation of
the need for additional interceptor wells.

c. Mine D Area

(1) Pumpage from interceptor wells should be increased by
about 50 to 100 percent, with more water pumped in the
area where sulfate and hardness contents exceed 1,200
mg/l.

(2) Additional interceptor wells are needed northeast of the
existing interceptor wells.

(3) Additional monitor wells need placement between the
present wells and nearby pubiic-supply wells.

(4) A depth sampling program for delineation of the exact
vertical distribution of recharged pond seepage in the
a~uifer should be implemented.

d.. Mine C Area

Because of ground-water degradation at similar sites, a specific
monitoring program is warranted at Mine C. This study should
include all elements of the enhanced monitoring programs as
recommended above, as well as an investigation of the effects
of mine closure on ground-water ~uality.

- 16 -



Chapter 2

STUDY METHODOLOGY

A. Program Development

Studies concerning tailings pond seepage and eventual a~uifer

recharge in the Tucson Copper Mining District began over 12 years
ago, prompted by two law suits over water rights and water ~uality.

Data collected in the early 1970's by the United States Geological
Survey showed increased concentrations of sulfate and total dissolved
solids in downgradient wells monitored over time, suggesting tailings
pond recharge at one mine. Information from the water rights case
suggested significant ground-water recharge was occurring through
tailings ponds (Thuss, 1978).

Several soils and water-~uality studies followed with varied
conclusions. A materials investigation of the tailings ponds south of
Tucson helped characterize the water ~uality, soil density, particle
sizes, and permeabilities of the ponds (Engineers Testing Laboratory
Inc., 1973). The rather high sulfate and total dissolved solids

. contents in the tailings ponds suggested they were a possible source
of the degraded water in wells immediately downgradient of the ponds.
Two additional studies (W. A. Wahler and Associates, 1973; Hail, 19747
for the City of Tucson included a drilling exploration program at the
four mines' tailings ponds with soil sampling and laboratory analyses
of the soils. These studies also included drilling four monitor wells
at the base of four different tailings ponds. Water of a degraded
nature, exceeding suggested Arizona State sulfate and TDS drinking
limits, was found in three of the four wells.

The Upper Santa Cruz Basin Mines Task Force completed its first
study in 1979 investigating water levels and water ~uality in the
Sahuarita - Continental - Green Valley area. Conclusions regarding
tailings ponds impacts on ground water were somewhat inconclusive
since there were few monitor wells to sample near the tailings ponds,
and only one round of samples was taken. Thus, the Mines Task Force
recommended further investigations of the tailings ponds effects on
ground-water ~uality.

All three current monitoring programs described in this report
evolved from the recommendations in the above-mentioned Mines Task
Force's Baseline Report (Upper Santa Cruz Basin Mines Task Force,
1979). The overall program received funding from federal, state, and
local sources, including inkind services from all the participating
Mines Task Force members .

.The Mines Task Force was formed in August, 1976, in response to the
earlier studies' findings, with membership from the following organiza­
tions:

- 17 -



Arizona Department of Health Services (ADHS)
Arizona Attorney General
Arizona Water Commission (now Arizona Department of Water

Resources, ADWR)
Arizona State Land Department
Pima Association of Governments (PAG)
Pima County Health Department
Four Copper Mines

Mine A (withdrew November, 1980)
Mine B (withdrew September, 1982)
Mine C (withdrew October, 1982)
Mine D

Papago Tribe of Arizona
U.S. Indian Health Services
Farmers Investment Co. (FICO)
Tucson Water
U.S. Geological Survey (USGS)

The Task Force consists of an Oversite Committee and a Technical
Subcommittee. The Oversite Committee includes attorneys and managers
from participating organizations while the Technical Subcommittee
consists of consultants, hydrologists and engineers. Allproducts
from the Technical Subcommittee must be approved by the Oversite
Committee.

Responding to recommendations in the 1979 Baseline Report, the Mines
Task Force prepared detailed work programs for each mining company.

Specific tasks for the Mine A area included: describing the local
hydrogeology in and near the ponds; describing local water quality;
drilling a new monitor well at the base of tailings pond no. 3 and
one to the northeast of the tailings ponds; and analyzing and inter­
preting data for this report.

The detailed work program for Mine B included: describing the local
hydrogeology and water quality in and near the ponds; and analyzing and
interpreting these data for the purpose of making recommendations.

The Mines Task Force recommended (Upper Santa Cruz Basin Mines Task
Force, 1979) that Mine C develop a monitoring program for ponds nos.
7 and 8. Mine C presented a monitoring program to the Task 'Force, but
the Task Force considered the proposal technically unacceptable. As
part of an independent program for additional Resource Conservation
and Recovery Act studies on mining waste disposal, EPA contracted
PEDCo. Environmental, Inc; to conduct an 8-month monitoring program of
pond no. 8 (PEDCo. Environmental, Inc., 1983). Data from this study
is not yet available. Mine C dropped out of the Mines Task Force in
October, 1982.
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Mine D established a monitoring well network as part of their
detailed work program. Specific tasks included: describing local
hydrogeology; describing local water Quality in and near the ponds;
and analyzing water-Quality data to develop conclusions concerning
their interceptor well system.

B. Program Implementation

Even though Mine A withdrew from the Upper Santa Cruz Basin Mines
Task Force in November, 1980, they still participated in all the duties
for which they were responsible (Upper Santa Cruz Mines Task Force,
1980). Their consultants wrote a preliminary draft hydrogeology
report for the vicinity of Mine A tailings ponds (Clark, 1981).
A final draft was never issued to the Mines Task Force due to various
problems related to another monitoring program. Mine A and Pima
Association of Governments. (PAG) conducted a cooperative monitoring
program, and Tucson Water contributed inkind services to redevelop the
existing monitor well at the base of tailings ponds no. 1 and 2. Data
analysis was performed by PAG and other interested Mines Task Force
members.

Mine B withdrew from the Mines Task Force in September, 1982. They
completed most of the tasks reQuested of them by the Task Force.
Mine B's consultants wrote a draft hydrogeology report on the Mine B
study area. Again, a final draft was not delivered to the Mines Task
Force. Water-Quality data were collected by Mine B's consultants and
PAG (check samples). These data were analyzed by PAG, PAG's consult­
ant, and other interested Mines Task Force members. Mine B was also
given a copy of this report for review and comment.

Mine D decided not to release their hydrogeology and water-Quality
report. Alternatively, PAG contracted with Dr. Kenneth Schmidt,
ground-w~er quality consultant, to write a hydrogeology and data
interpretation report using data supplied by PAG, ADWR, and Mine D.
Most of the reQuired elements in the work program are included in the
PAG Mine D hydrogeology report. This report was analyzed and reviewed
by the Mines Task Force Technical Subcommittee, of which Mine D is a
member.

C. Sampling Methodology

1. Mine A Area
The Mine A area monitoring program was established in the fall

of 1980 when representatives from Mine A and the Mines Task Force
decided upon the sampling sites, sampling freQuency, and constituents
to be sampled (Upper Santa Cruz Mines Task Force, 1980).

- 19 -



Due to monetary constraints, a decision to sample existing monitor
wells, production wells, and pits prevailed. However, there were
sufficient funds to redevelop the existing monitor well owned by
the City of Tucson and sampled in 1978. It is located at the base
of tailings ponds nos. 1 and 2 (Figure 5, Chapter 4). Also, another
monitor well was drilled later during the sampling program when BIA
funds became available. The jointly sponsored BIA - Tucson Water ­
PAG well was drilled in May 1982, between the base of Mine A's
tailings ponds nos. 2 and 3 (Figure 5, Chapter 4). This well was
subse~uently sampled during two more ~uarterly sampling runs.
Another well sponsored by BIA, Tucson Water, and PAG will be drilled
sometime in 1983. The well will be drilled about 3/4 of a mile east
of tailings pond no. 3, near D(16, 13) 22 ad (Figure 5). Tailings
pond monitoring was not included in this sampling program. Pond
water-~uality data was collected in 1981 on two occasions when an
independent team sampled the ponds (Thurnblad, 1982).

The sampling fre~uency was also determined, in part, by available
funding from the Bureau of Mines, Mine A, the City of Tucson, and
the BIA. A ~uarterly program was affordable and was the maximum
fre~uency that could be established. The Technical Subcommittee
felt temporal changes in water ~uality could be ade~uately addressed
with a ~uarterly monitoring program.

The constituents sampled were based upon the Mines Task Force
approved Detailed Work Program Standardized Sampling, Analysis and
Reporting Procedures (Upper Santa Cruz Mines Task Force, 1980).
Most of the important parameters were analyzed, although sampling
for organics and other trace constituents was beyond the scope of
this project.

Field sampling included measurements of electrical conductance,
pH, temperature, and well discharge. Static water-level measure­
ments were taken in the fall of 1980-81 and 1981-82 when most of
the other well fields were shut down. A field sheet was developed
to include such pertinent information as site name, location,
date sampled, hours and well volume pumped, discharge, perforation
interval, field parameter monitoring over time, and types of
samples taken. A field team of one PAG and one Mine A representative
collected samples after the pumped well water attained constant
electrical conductance, pH, and temperature. ,.All sampling procedures
followed the Upper Santa Cruz Mines Task Force Detailed Work Program.
Other wells sampled were M-6, M-7, M-8, M-IO, M-ll, SX-l, SX-2,
and SX-3. Additionally, the BIA - Tucson Water - PAG well at
D(16, 13) 21 dad (Figure 5, Chapter 4) was sampled. Twelve total
sites were sampled.
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Samples were shipped via UPS in refrigerated, insulated con­
tainers to either BC Laboratories, Inc., California, or the
Arizona Department of Health Services Laboratory (ADHS), Phoenix,
Arizona. The Arizona Department of Health Services Laboratory
served as a check laboratory to insure quality control.

'Both BC and ADHS laboratories made chemical determinations
according to APHA-AWWA-WPCF Standard Methods and the EPA Manual
for Analysi~ of Water and Wastewater.

BC Labs was chosen as the primary analytical laboratory because
the Mines Task Force Technical Subcommittee felt it needed con­
tinuity from its Baseline Report. ,BC Labs was chosen to analyze
selected constituents in the well water sampled in the Baseline
Report and performed admirably. Over 95 percent of their analytical
results fell below a 5 percent cation-anion balance, documenting
the validity of major ion analyses. Also, BC Labs is an Arizona
State Certified Laboratory.

2. Mine B Area

A similar procedure occurred for the Mine B sampling program.
Mine B, PAG, and other Mines Task Force members decided upon
sampling sites, frequency, and constituents. The Detailed Work
Program describes the sampling sites, participants and laboratory.
Three monitor wells at the base of the tailings ponds and two
Santo Tomas municipal supply wells downgradient of the ponds were
sampled quarterly. Water-level measurements were taken in fall
1980-81 and fall 1981-82. The most recent pond water quality data
available is from November 1972 (Engineers Testing Laboratory,
1973).

Mine B's consultants conducted the field sampling, and PAG
hydrologists and technicians obtained check samples for quality
control. BC Laboratories, Inc. was used as the primary analyzing
lab, while ADHS laboratory was used as the check laboratory. Both
laboratories made chemical determinations according to APHA-AWWA­
WPCF Standard Methods and the EPA Manual for Analysis of Water and
Wastewater.

3. Mine D Area

Mine D's monitoring program was also approved by the Mines Task
Force in the Detailed Work Program. Thirteen monitor wells were
drilled by Mine D prior to interce~t~r well placement. These wells
ringed the southern and eastern edges of Mine D's Sierrita North
and South ponds, and three extended out about one mile east beyond
the ponds (Figure 24, Chapter 4). The interceptor wells were
drilled ,after preliminary data had been collected from the mon:tor
wells,~and were placedirr@ediately south and east of the ponds
(Figure 24, Chapter 4). Other monitor sites chosen were the
Community Water Company well no. 3 (a municipal well), two wells
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in the Mine D Esperanza well field east of the Sierrita tailings
ponds, and two Green Valley Water Company municipal wells about
one mile southeast of the ponds.

The interceptor wells were sampled on a weekly basis by Mine D
technicians, and samples were sent immediately to the Mine D
laboratory which was several miles northwest of the wells. The
monitor wells, pond reclaim water, and Community Water Company
no. 3 well were sampled monthly by Mine D technicians and the
samples were delivered to their laboratory. Pumping and static
water levels were taken monthly, and total pumpage vo.I-wile" and'
rates were recorded for the interceptor wells. Static water
levels were measured monthly in the monitor wells. Two Esperanza
wells, the Community Water Company well no. 3, and the Green Valley
Water Company well no. 1 were sampled annually by PAG technicians
and sent to BC Laboratories of Bakersfield, California. PAG also
sampled about 10 percent of Mine D's sampling program as a quality
control check and sent the samples to ADHS Laboratory in Phoenix,
Arizona.

All wells were pumped at least 24 hours prior to sampling,
except for the Mine D monitor wells which were bailed by a mech­
anical stainle$s steel bailer. The 3-inch monitor wells would
not accommodate a submersible pump. Field electrical conductance,
pH, and temperature were collected by PAG technicians for check
samples, although Mine D technicians also collected field temper­
ature. Standardized field sheets describing location, name,
date sampled, well depth, perforation interval, discharge, field
parameters, well volumes, and time pumped were used for the check
sampling done by PAG.

Mine D laboratory used standard analytical techniques. BC Labs
made chemical determinations according to APHA-AWWA-WPCF Standard
Methods and the EPA Manual for Analysis of Water and Wastewater.

D. Interpretive Methodology and Analysis of Data

Although tailings pond water-quality sampling was not included in
two of the work programs, the first step in the overall program was to
identify all sources and causes of pollution in the wells previously
monitored. Tailings pond water was historically monitored in a
materials investigation in the early 1970's, which revealed elevated
TDS (total dissolved solids), sulfates, calcium, molybdenum, and, in
some cases, high cyanides (Engineers Testing Laboratory, 1973).
Additionally, the tailings ponds were upgradient of contaminated wells
prevt6usly sampled in the Baseline Report and earlier investigations.
Next, ground-water usage, in terms of location, type of use, and
quantity, was identified (Arizona Department of Water Resources, 1983).
Then the hydrogeologic framework, both regionally and, most importantly,
locally, was defined (Clark, 1981; Hargis and Montgomery, 1982;
Schmidt, 1982; 1983).
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Next, an evaluation of the infiltration rates of tailings pond water
on alluvium and on tailings was made. Previous~',investigations

indicated infiltration rates of 2 x 10-5 to 7 x 10-7 ft/sec on typical
tailings material compacted over a range of average field densities
(Wahler and Associates, 1973). Wahler concluded seepage was
occurring at all of the tailings ponds south of Tucson, but at a low
apparent rate. Infiltration on alluvial soils in the area of tailings
disposal was more on the order of magnitude of 3 x 10-5 ft/sec
( SGd'e'rberg, 1983). .

Other investigators have researched development of low-permeability
soil zones at the bottom of tailings slime zones which may reduce
seepage significantly (Kealy, et.al., 1974). Infiltration rates have
been reguced significantly from about 3 x 10-5 ft/sec to about
3 x 10- ft/sec by use of tailings pre-sliming and compaction at
Mine A's tailings pond no. 3 (Soderberg, 1983).

Mobility of different elevated chemical constituents in the pond
water was then considered. Sulfate was considered the primary
traceable constituent since this anion is very mobile in the vadose
zone/aquifer system. Other elevated constituents analyzed in pond
water were calcium, sodium, hardness (an expression of the presence
of calcium plus magnesium), and total dissolved solids. Previous
studies found some selenium, probably as Se03-2 above pH 6.6, in
pond water which exceeded tlrinking water limits (Engineers Testing
Laboratory, 1973). The Sodium Adsorption "Ratio," SAR, has been used
to show relative concentrations of calcium, but SAR could have
problems due to base exchange reactions and the presence of gypsum
or anhydrite in the natural soils (Wahler, 1973). Other possible
tracers such as isotopes of sulfur, oxygen-18, and deuterium were
examined but considered not conservative enough for the Task Force
Study. A study was done at Mine A by an independent University of
Arizona research team using deuterium and oxygen-18 isotopes as
possible tracers for recharge of tailings pond water (Thurnblad,
1982) .

Numerous estimates of tailings pond recharge have been made and were
highly variable. Wahler and Associates (1973) estimated pond recharge
at a maximum of about 1 acre-ft. per year per acre of tailings pond,
based upon soils from exploration drill holes. Another study
estimated recharge values at slightly lower values than the first
study (Hail, 1974). An average value of 50 percent of water pumped
by each mine was estimated as pond recharge from summarized data from
affidavits of technical experts in the FICO vs. mines suits (Thuss,
1978). These estimates were given in a suit regarding water use and
quantity rights.
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In the current study, an attempt was made to collect inflow-outflow
information for all the tailings ponds. This was deemed most essential
for an evaluation of tailings pond recharge, and data were requested
of all the mining companies involved with the Mines Task Force, but
the requests were not fulfilled. However, PAG staff was able to obtain
recharge estimates from the Arizona Department of Water Resources based
on data collected from the mines.

Current and historic well water quality w~s then examined in light of
the other evaluations.

Water-quality analytical data interpretation aids included sulfate,
TDS, and_ hardness hydrographs to show:> water-quality trends over time.
Also, water-quality contour maps depicted what the areal extent of a
plume might be. Trilinear diagrams were used to classify water types
and indicated the kinds of mixing taking place between native ground
water and tailings pond seepage. Integrated water-quality depth
sampling was beyond the scope of this project, and geochemical sections
were not depicted. Also, vadose zone monitoring was beyond the scope
of this study.
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Chapter 3

GENERAL DESCRIPTION AND HYDROGEOLOGY OF STUDY AREAS

A. Location, Physiography,c and Climate

The three study areas lie mostly within the western end of Reach 2
and the northwestern portion of Reach 1 of the Upper Santa Cruz Basin
(Figure 1). The Mine A study area lies about 15 miles south of
Tucson, Arizona, centered at Interstate 19 and the southern boundary
of the San Xavier Indian Reservation (Figure 2). The Mine B study
area is about 20 miles south of Tucson, Arizona, and about 2 miles
northwest of Green Valley, Arizona (population 10,000). Mine D's
study area is approximately 25 miles south of Tucson, Arizona, and
2 miles southwest of Green Valley, Arizona (Figure 2).

In the vicinity of the three study areas, the Upper Santa Cruz
Basin is about 15 to 20 miles wide. The basin is a northwest-sloping
plain and is in the Basin and Range physiographic province. The
basin is bounded on the north and east by the Tortolita, Santa
Catalina, Tanque Verde, Rincon, and Santa Rita Mountains. The Tucson
and Sierrita Mountains border the basin to the west. The northern and
eastern mountains vary from 6,000 to over 9,000 feet altitude, while
the western mountains bordering the basin are 3,000 to 6,000 feet high.
Topographic elevations in the study areas vary from 2,750 feet in the
northeastern portion to 3,500 feet in the western fringes.

Potential evaporation is about 40 to 45 inches May-October
(Farnsworth, et. al., 1982), and pan evaporation is as high as 80 inches
per year. Temperatures in the study areas are slightly lower (50 F)
than the Tucson averages of 67.30 F (mean annual), 86.10 F (July),
and 50.00 (January) reported by Laney (1972) due to the slightly higher
elevations of the study areas.

Precipitation in the study areas ranges from about 12 inches/year
in the northern portion, to nearly 20 inches/year in the southern
portion. Rainfall is of two types - high intensity thunderstorms
occurring from July through September during which most (93 percent) of
the streamflow peaks occur (Condes de la Torre, 1970), and long
duration frontal storms from December through March which yield floods
of lower peaks yet larger volumes.

B. General Hydrogeology of Study Areas

Davidson (1973) and Laney (1972) have written definitive works on
the geohydrology and water quality in the Tucson Basin which apply to
the Mines Study Areas in a general fashion. The mountain ranges near
the study areas, Sierrita and Santa Rita, are composed mainly of low
to moderately permeable sedimentary, metamorphic, and intrusive
igneous rock. Sedimentary rocks of low water-yielding capacity crop
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out in large areas of the Sierrita and Santa Rita Mountains.
of the sedimentary rocks have low porosity and permeability,
some units have moderate to high porosity and permeability.

Most
but

Davidson (1973) divided the sedimentary basin deposits into four
distinct units based upon color, rock fragment content, degree of
cementation, and spatial position. Determination of units is more
difficult with increasing depth, and graphic plots of percentages of
sand and coarser material aided in unit identification (Davidson,
1973). The basal unit, the Pantano Formation (Finnell, 1970), is a
reddish-brown silty sandstone to gravel, weakly to strongly cemented
by calcium carbonate. The Pantano Formation thichness varies from
10,500 feet in the Sierrita mountain area (Helmet Fanglomerate
correlative) to an estimated 100 to 1,000 feet in the central part of
the basin (Davidson, 1973). The Pantano Formation is unconformably
overlain by the Tinaja Beds which consist of gravel and sand in the
basin margins and grade-to-clayey silt and mudstone near the central
part of the basin. The Fort Lowell Formation unconformably overlays
the Tinaja Formation and grades from gravel on the basin edges to
silt in the basin center. Relatively thin, surficial deposits overlie
the Fort Lowell Formation consisting of boulders, pebbles, gravel,
and coarse sand. These formations are described in more -detail,:
for each of the individual study areas. Permeabilit:i.~s, pOr·os:Lties,
transmissivities, available storage coefficients, specific capacities,
water levels, and flow characteristics will also be presented for
each individual study area.

To provide information for regional ground-water movement, water
levels were obtained by all the cooperating Task Force members from
December 1981 to February 1982. A ground-water elevation map
(Figure 3, in pocket) was developed showing water levels from the
Pima~County - Santa Cruz County border going north to the southern
boundary of the City of Tucson. The general direction of ground­
water movement along the Santa Cruz River is northerly, but is
interrupted by a localized cone of depression within and near the
Mine A and Mine C well fields at D(16,· 13) 25, 26, 35 and 36.
Another closed depression occurs in the area of Mine B, possibly the
result of pit dewatering (Upper Santa Cruz Basin Mines Task Force,
1979). General direction of ground-water movement along the basin
margins is from west to east from the Sierrita Mountains and north­
westerly from the Santa Rita Mountains. There is also a recharge
lobe east of the Santa Cruz River just outside the southeast corner
of the Papago Indian Reservation boundary. This is probably due to
subsurface deposits associated with former channels of the Santa Cruz
River, which were the most favorable pathways for movement of water
recharged from the river.
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C. Mine A Hydrogeology

The draft Mine A hydrogeology report was reviewed by the Mines Task
Force Technical Subcommittee (Clark, 1981). However, Task Force
comments were never addressed because a final report was not sub­
mitted by Mine A. A cross section (Figure 4) is provided and is an
adaptation from Davidson (1973), cross section H-rr'. This cross
section shows the top of the Pantano Formation (Helmet Fanglomerate
correlative) to be about 250 feet below land surface (not 350 feet as
suggested in Mine A's hydrogeology report) near well M-5. But detailed
geologic logs of wells M-5, M-6, and M-7 available at PAG reveal a
gradation of sedimentary units from 25 feet of surficial deposits, to
125 feet of Fort Lowell deposits, to about 200 feet of Tinaja type
material, thus leaving the top of the Helmet Fanglomerate at 350 feet
below land surface. Ground-water velocity can be ~ calculated,-fro-:ffi a
hydraulic gradient of 100 feet per mile, an average permeability of
about 100 gallons/day/ft2 , and an average porosity of 0.40. This would
yield a ground-water velocity of about 0.64 foot/day or 233 feet/year.

Transmissivities are somewhat variable in the Mine A study area.
Estimates from specific capacity and aquifer test data suggest values
from 4,000 gallons/day/foot at the City of Tucson monitor well next
to the pond, to 100,000 gpd/ft in the vicinity of wells M-lO and M-ll,
to 30,000-40,000 gpd/ft near wells SX-l, SX-2, and SX-3 (Figure 5,
Chapter 4) (Clark, 1981).

Depth to water varies from about 300 feet near the tailings ponds to
about 360 feet near the M wells, to about 225 feet near the SX wells.

Specific capacities vary from 2.4 gpm/ft at the City of Tucson well
next to the ponds, to 11.5 gpm/ft of drawdown at well M-8, to 49.0 gpm/
ft at well M-ll (Clark, 1981).

Additional hydrogeologic information for the Mine A area is provided
in Chapter 4.

D. Mine B Hydrogeology

Mine B's draft hydrogeology report was reviewed by the Task Force
Technical Subcommittee, however, Task Force comments were never addressed
because a final report was not submitted by Mine B.

All available well construction data for monitor wells were collected
from the Arizona Department of Water Resources drillers logs and from
Mine B, and are presented in Table 1. Ground-water velocity between the
Mine B ponds and the Santo Tomas wells was calculated from an aquifer
thickness of 500 feet estimated from cross-section information, and an
estimated permeability of about 140 gallons/day/ft2 . Using an estimated
0.35 porosity value and 66/foot/mile hydraulic gradient, ground-water
velocity in the Mine B area near the ponds is about 0.67 foot/day or
about 245 feet/year.
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Aquifer transmissivity in the vicinity of Mine B ponds is about
70,000 gallons/day/ft and the storage coefficient is on the order of
0.10 based on a long-term aquifer test conducted on well~~~l 'located
immediately northeast and east of tailings dams #2 and #3,(H~~gis and
Montgomery, 1982) (Figure 14, Chapter 4). Transmissivity increases to
about 150,000 gpd/ft nearer to the Santa Cruz River about 1.5 miles
east of the ponds. The storage coefficient also increases to about
0.3 (Hargis and Montgomery, 1982).

Additional hydrogeologic information on Mine B is provided in
Chapter 4.

E. Mine D Hydrogeology

Mine D hydrogeology is described in Chapter 4, pages 62-78 of this
report.

F. Regional Water Quality

Regional ground-water quality is described in detail in a separate
report (Upper Santa Cruz Basin Mines Task Force, 1983c). In general,
elevated sulfate, TDS, and chloride plumes are centered downgradient
from the tailings ponds, indicating evidence of seepage and aquifer
recharge from the ponds. Total dissolved solids regionally are highest
near Mine D's Sierrita pond where locally 2000 mg/l is exceeded. Near
the Mine A and Mine B ponds, total dissolved solids contents in wells
exceed 1000 mg/l. Near Mine C's ponds, total dissolved solids in
ground water exceed 900 mg!l (PEDCo., 1983; Luhdorff, 1914). Except
near the mines tailings ponds, total dissolved solids are usually less
than 300 mg!l in ground water beneath both sides of the flood plain.
North of Green Valley, total dissolved solids in wells commonly exceed
500 mg!l but are generally under 800 mg!l beneath the flood plain of
the Santa Cruz River.

Sulfate shows a similar pattern where the highest contents in wells
appear near the Mine D ponds (1400 mg!l), Mine B and Mine A ponds
(500 mg/1) , and Mine C's ponds (400 mg!l). Generally, sulfate contents
in wells are less than 100 mg!l beneath both sides of the flood plain
except near mines' tailings ponds. Sulfate contents in ground water
beneath the Santa Cruz River flood plain are usually less than 200 mg!l.

,
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Chapter 4

DATA INTERPRETATION, CONCLUSIONS AND RECOMMENDATIONS ­
EFFECTS OF RECHARGE FROM TAILINGS PONDS FOR COPPER
MILLING WASTES IN THE TUCSON COPPER MINING DISTRICT

A. Introduction

There are four major areas with active tailings ponds for copper
milling on the eastern flank of the Sierrita Mountains, south of
Tucson. From north to south, these are the Mine A, Mine C, Mine B,
and Mine D ponds. Three of these areas are being evaluated as part
of the Upper Santa Cruz Basin Mines Task Force Special Studies Program.

The purpose of this chapter is to interpret the water-quality
information gathered for this report in reference to the hydrogeo­
logic framework of the study areas. A more detailed description of
ground-water and hydrogeologic conditions is provided for the vicinity
of the Mine D tailings pond due to the lack of a basic hydrogeology
report for reference purposes.

B. Tailings Pond and Pit Water

1. Tailings Pond Water

Slurry disposed to the tailings pond is about 50 percent water
and 50 percent fine crushed rock. Some free water in most ponds
is recirculated to the mill for reuse. Remaining water in the pond
is consumed by evaporation, retained in the tailings, or percolated
to the ground water.

The results of detailed water budget studies to determine pond
recharge were not available for this report. However, information
in the files of the Arizona Department of Water Resources indicates
that the volume equivalent to about 25 to 30 percent of mine pump~

age, on the average, is returned to the ground water from the
tailings ponds in the Sahuarita-Continental area. These estimates
are based on reports published by the Arizona Bureau of Geology
and Mineral Technb~0gy (formerly, Arizona Bureau of Mines), and
were developed during the calibration of a digital ground-water
model of the Upper Santa Cruz Basin (Travers, 1983). In the case
of each mine, recharge was estimated initially at 29 percent of the
yearly pumpage for the period 1970 through 1979. This amount was
adjusted in each mine area until a reasonable fit between measured
water levels and model-generated water levels was obtained. In
actuality, recharge has probably been greater from ponds such as
at Mine D, where free water has been allowed to contact permeable
alluvium. Lower recharge rates probably occur from ponds such as
at Mine A where free water generally stands on the tailings.

- 33 -



Potential ground-water pollutants can be added to water used in
the milling process by two major processes:

1. Addition of flotation agents.
2. Reaction of water with minerals during crushing and milling.

A series of two articles (Mining Engineering, March and April,
1982) described the flotation process. Flotation is a method of
concentrating finely ground ores, and flotation agents include
collectors, frothers, and modifiers. A collector is a reagent
that produces a hydrophobic film on the mineral particle. Xanthates
are the most common collectors for sulfide minerals which are
processed at the mills. The frother creates a froth capable of
carrying mineral-laden bubbles until they can be removed from the
flotation machine. Pine oil is a commonly used frother. Modifiers
are conditioning agents which may act as depressants, activators,
pH regulators, or dispersants. Lime is a common pH regulator, and
various forms of cyanide are additional modifiers that are commonly
used in the flotation process for copper are milling.

High sulfate contents can be picked up from ore minerals, both
from soluble sulfate minerals and from oxidation of sulfide minerals.
The chemical composition of tailings pond water from each of the
three study areas is described in more detail in the following
sections of this report. Pond water at Mine A and Mine D has high
contents of calcium and sulfate, and is probably saturated with
respect to gypsum. Pond water at Mine B is generally of the
calcium-sodium sulfate type, with lower sulfate contents than
present in pond water at the other two study areas. Several trace
inorganic chemical constituents such as molybdenum and cyanide
would be expected to be present at the high pH normally encountered.
The trace organic chemical composition of pond water is not avail­
able for the mines in the Sahuarita-Continental area.

2. Pit Water

Ground water commonly found in hardrock of the mine open pits is
similar in chemical composition, for the major inorganic constituents,
to tailings pond water. Water of this composition appears to be
limited, in the hardrock, to mineralized zones. The high sulfate
contents are apparently derived from dissolution of sulfate minerals
and oxidation of sulfide minerals. The question has arisen whether
water in the pits and from the mineralized zone could contribute to
the plumes identified beneath the mines' tailings ponds.
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Near each pit, a substantial cone of depression has been developed
due to pit dewatering. The direction of ground-water movement is
thus toward, as opposed to away from, the pit. In addition, ground
water moving in the hardrock is believed to comprise only a small
part of the ground water moving in the alluvium. That is, most of
the ground water moving in the alluvium has originated from stream­
flow seepage or other sources. Near the mine tailings ponds, most
of the recharge to local ground water is from tailings pond per­
colation. There is no indication that water from the pits or
mineralized zone in the hardrock has grossly impacted the composition
of water in the nearby alluvium.

C. Mine A Study Area

1. Hydrogeologic Conditions

Figure 5 shows the location of the Mine A tailings ponds, mine
supply wells, monitor wells, and drill holes near the ponds. Eight
wells are presently used to supply water for milling. Well M-5
was previously a mine supply well that is now unused due to declining
water production. Mine C has a number of wells south and east of
the Mine A Mission wells; however, a number of these are also
presently unused. In general, water-quality data are not available
for the drill holes, but water-level measurements are available.

Ground-water conditions in the Mine A study area were discussed
by Clark (1981). Since that draft report was prepared, an additional
monitor well has been drilled near the southeastern edge of tailings
pond no. 3. Clark (1981) indicated that the top of the Helmet
Fanglomerate (considered to be equivalent to the Pantano Formation
in this report) was slightly less than 300 feet deep near the
tailings ponds. Sediments of the Tinaja Beds and Fort Lowell
Formation overlie the Helmet Fanglomerate near the tailings ponds.
Volcanic rock was encountered at a depth of about 330 feet by the
new BIA monitor well, D(16, 13) 21 dad. Depth to water beneath
the east edge of the ponds apparently ranges from about 200 feet
beneath the north end to about 300 feet beneath the south end.
Depth to water generally increases to the south and east toward
the Mine A and Mine C well fields.

Figure 6 shows water-level elevation contours for the period
November 1981-February 1982. Water-level elevations exceeded
2,600 feet above mean sea level beneath most of the tailings ponds,
and were less than 2,450 feet in most of the Mine A wells. The
slope of the water table between the ponds and the Mine A Mission
well field is about 100 feet per mile. The predominant direction
of ground-water flow at this time was to the east beneath pond no. 1,
and to the southeast beneath pond no. 2 and pond no. 3. Recharge
from the ponds would thus tend to move toward the Mine A well field.
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2. Well Use

Wells in the vicinity are used primarily for copper milling.
There are numerous irrigation wells and several domestic wells
east and south of the Mine A well field. The nearest City of
Tucson public-supply wells are located about 4 miles northeast of
the edge of pond no. 3. Based on the water-level elevation contour
map (Figure 6), these wells do not appear to be downgradient of the
Mine A ponds. However, if mine pumpage ceased at some point in the
future, the public-supply wells could be downgradient of the ponds,
due to a change in the ..direction of groillld-water mo¥em~nt.

3. Amounts of Pumpage and Pond Recharge

Information on pumpage and recharge for the Mine A study area is
on file at the Arizona Department of Water Resources in Phoenix.
Pumping from the Mine A Mission Wells first began in 1959, and
annual pumpage was about 4,800 acre-feet by 1965. In 1969, the
annual pumpage increased to about 6,400 acre-feet and has ranged
from about 4,700 to 6,700 acre-feet since that time. Pumping from
the Mine A San Xavier wells begail--in 1977, and annual pumpage has
ranged from 500 to 1,300 acre-feet per year. Total pumpage from
these mine-supply wells was about 6,200 acre-feet in 1979. It is
estimated that about 1,600 acre-feet of water was recharged from
the Mine A tailings ponds in 1979. Thus, pumpage from the Mine A
well field appears to be almost four times greater than the amount
of water recharged from the ponds. There has probably been a total
of about 30,000 acre-feet of recharge from the Mine A ponds since
1959.

4. Quality of Tailings Pond Water

Water from the Mine A tailings ponds has not been sampled as part
of the Mines Special Studies Program. However, limited data are
available, such as that from Engineers Testing Laboratory, Inc.
(1973) and Thurnblad (1982). Table 2 shows the chemical composition
of water collected near the decant tower at tailings pond no. 1,
and from the recycling pond which was receiving water from tailings
pond no. 2. Mine A pond water is of the calcium-sulfate type.
Calcium contents have generally ranged from about 500 to 700 mg/l,
and have probably averaged about 600 mg/l. Hardness is virtually
all due to calcium content, as magnesium contents are low. Hard~

ness contents as calcium carbonate have averaged about 1,600 mg/l.
Sulfate contents have usually ranged from about 1,500 to 2,400
mg/l, and have probably averaged about 1,800 mg/l.: Total dissolved
solids contents have ranged from about 2,600 to 3,500 mg/l, and
have probably averaged about 3,000 mg/l. Contents of molybdenum
were at noticeable levels (2-16 mg/l). Valid cyanide analyses
were not available for this report.
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TABLE 2. - CHEMICAL COMPOSITION OF WATER
FROM MINE A TAILINGS PONDS

--- --- "-!. ""'"""':::"-.:'
'C':-... ~

~-- -- ---"

,--,-",-,,---,-~:;;.\

")

~

Constituent (mg/1) Pond No. 1 Pond No. 2

Calcium 530 552 615 760
Magnesium <:1 5 2 1
Sodium 190 163 166 240
Potassium 49 70 72
Carbonate 35 0 0 0
Bicarbonate 0 39 41 18
Chloride 43 26 38 32
Sulfate 1,600 1,558 1,745 2,400
Nitrate 2 2 <1 2
F10uride 2.0 3.7 0.6 2.3
Iron <0.08 0.05
Manganese <0.04 0.08
Arsenic <0.005 <0.01
Chromium <0.04 <0.01
Selenium 0.013 ~0.01

Molybdenum 1.9 5.5 16 2.0
Lead <0.01
Copper 0.01
Zinc 0.14
Cadmium <.0.01
Boron 0.4 0.13
Vanadium <:0.1
Electrical Conductivity

(micromhos at 250C) 2,993 3,351
Total Dissolved Solids 3,500 2,629 3,333
Total Organic Carbon 7.8 6.7
Field pH 5.5
Lab pH 10.1 6.7 5.0 6.5

Date 5/4/81 2/17/71 10/18/71 8/20/81

Lab U of A ETL ETL BC Labs

1971 analyses from Engineers Testing Laboratory, Inc. (1973) and
1981 analyses from Thurnb1ad (1982).
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5. Ground-Water Quality

Contour maps have been prepared for sulfate, hardness, and total
dissolved solids content in water from wells in the vicinity of
the Mine A tailings ponds that were sampled in Fall 1982 (Figures
7, 8, and 9). Chemical analyses for this time period were un­
available for water from Mine C wells. Contents of all of these
constituents decrease to the southeast from the Mine A tailings
ponds. Contents of sulfate and hardness are almost identical,
which is expected if pond recharge is the major factor influencing
ground-water quality. Water in the tailings ponds is virtually a
calcium-sulfate type and the equivalent weights of sulfate and
hardness are almost identical (48 and 50, respectively).

Sulfate contents ranged from about 600 to 800 mg/l in water from
the two monitor wells near the ponds in Fall 1982. The BIA
monitor well is perforated from 200 to 336 feet in depth, opposite
most of the saturated alluvium at that location. The City of
Tucson monitor well is perforated from 200 to 440 feet in depth.
Sulfate contents were less than 100 mg/l in the eastern part of the
Mine A well field. This indicates that water in the monitor wells
is a mixture of pond recharge and native ground water. The sulfate
contents indicate that only about one-third of the water at the
monitor wells is derived from recharge of tailings pond water.
The two monitor wells appear to be directly downgradient of the
ponds. The relatively low sulfate contents suggest that pond
recharge probably has not affected the entire saturated thickness
of the aquifer beneath the Mine A ponds. Instead, the pond recharge
is probably mostly present in the shallower ground water. Hardness
as calcium carbonate contents were about 900 mg!l in water from the
two monitor wells in Fall 1982, and were less than 100 mg/l in the
eastern part of the Mine A well field. Total dissolved solids
contents in water from the two monitor wells ranged from about
1,300 to 1,700 mg!l in Fall 1982, and were less than 300 mg!l in
the east part of the Mine A well field.

Water-quality hydrographs were prepared for water from four wells
that appear to have been influenced by tailings pond recharge.
Figures 10, 11, and 12 show changes in sulfate, hardness, and
total dissolved solids contents for these wells between 1960 and
1982. There have been sharp increases in sulfate, hardness, and
total dissolved solids contents in water from all of these wells.
Water from Mission well no. 5 was apparently influenced beginning
in the early 1970's. Mission wells no. 6 and no. 7 and San Xavier
well no. 3 were influenced at progressively later times. These
wells are all at progressively greater distances from the tailings
ponds. Sulfate contents in water from r1-6 and M-7 now exceed the
recommended level for drinking water of 250 mg/l. However.
~ulfate contents in water from these wells are slightiy~-,h±gher than that
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present in some irrigation wells to the east that have not been
influenced by tailings pond recharge. More extensive regional
water-quality information is included in the report, "Region Wide
Ground Water Quality in the Upper Santa Cruz Basin Mines Task
Force Study Area," prepared by the Upper Santa Cruz Basin Mines
Task Force and Pima Association of Governments (1983).

Water-quality hydrographs for the two monitor wells were pre­
pared, but are not shown. This is because the sampling frequency
for the City monitor well has not been adequate to determine long­
term trends in chemical quality. Because the BTA monitor well is
relatively new, records are not available for an adequate time to
determine trends. Water-quality hydrographs for wells apparently
unaffected by tailings pond recharge (M-8, M-10, M-11, SX-1, and
SX-2) show no significant long-term changes in sulfate, hardness,
or total dissolved solids contents.

The trilinear diagram constitutes a useful tool in water­
analysis interpretation. Applications of the diagram pointed out
by Piper (1944) include testing gr.oups of water analyses to
determine whether a particular water may be a simple mixture of
others for which analyses are available or whether it is affected
by solution or precipitation of a single salt. It can easily be
shown that the analysis of any mixture of water A and B will plot
on the straight line AB in the plotting field (where points A,and
B are for the analysis of the two components) if the ions do not
react chemically as a result of mixing.

In evaluating sources of ground-water pollution, the anion field
has proved to be extremely useful. This is because cation ex­
change commonly occurs as wastewaters percolate to the water table.
This sometimes complicates the use of the cation field to determine
sources of pollution, when comparing the composition of a waste
with that of an affected well. However, there seems to be little
anion exchange in many situations. Thus dissolution of minerals
and precipitation of salts become about the only major chemical
changes to be considered in evaluating the anion field. In addition,
both chloride and sulfate appear to act as conservative constituents
in many hydrogeologic situations.

A,trilinear diagram (Figure 13) was prepared for pond water and
water from wells in the Mine A ar"Ela. The results confirm the con­
clusions previously drawn. The plot indicates that recharged
tailings pond water picks up magnesium and chloride during passage
through the vadose zone and aquifer. All of the wells affected by
pond recharge produce water of the sulfate type, as opposed to the
bicarbonate type present in water from wells that are unaffected.

- 47 -



~

6
B

IA
i/.

9
/3

0
/8

2
\

t.!
...

-
-

-
---

--,

c
T

a
ili

n
g

s
P

o
n

d
+

1
,

S
/4

/8
1

•
R

e
cl

a
im

W
a

te
r,

T
a

ili
n

g
s

P
o

n
d

+
2

,
8

/2
0

/8
1

A
T

u
c
s
o

n
M

o
n

it
o

r

P
o

n
d

W
a

te
r

M
o

n
it

o
r

W
e

lls

~
C

I
~

6
0
~

..(
X

)(
X

X
),.

cP 9
\

i
~

)(
X

X
X

),
.4

0

cr~
(
\
~

-

"Jr \ ~

4
0

'<
Y

X
A

X
X

X
),.

I.
6

0

/
~o

,
A

)(
X

)(
X

li.

P
ro

d
u

ct
io

n
W

e
lls

•
S

X
-3

,
9

/'
S

/8
2

'

o
M

-S
,

8
/1

4
/7

8

C
I

M
-8

,
9

/1
7

/8
2

Q
M

-7
,

II

t>
M

-6
,

9
/1

6
/8

2

e
S

X
-1

,
9

/1
4

/8
2

o
S

X
-2

,
II

e
M

-1
1

,
9

/1
6

/8
2

(1
)

M
-1

0
,

9
/1

S
/8

2
I~'

:~

-I=
"""

I
O

J

,'

FI
G

U
R

E
13

.
-

T
R

IL
IN

E
A

R
D

IA
G

R
A

M
OF
:-
MI
N:
_~
jW
EL
L

A
N

D
P

O
N

D
W

A
TE

R
Q

U
A

LI
T

Y

P
Im

a
A

ss
oc

ia
tio

n
of

G
ov

er
nm

en
ts

8
K

.D
.S

ch
m

id
t,

19
82



6. Conclusions and Recommendations

Recharge of water from the Mine A tailings ponds has caused
increases in sulfate and hardness contents in water from wells in
the western part of the Mine A well field. Presently available
information indicates that pumpage in the Mine A and Mine C well
fields is controlling a substantial portion and probably all of
this recharge. As long as Mine A mine-supply wells continue to be
pumped, it appears that there is little threat to the quality of
water pumped from other wells. A new monitor well is being in­
stalled by the BIA that will provide more information on the
direction of ground-water flow and ground-water quality downgradient
from the ponds. However, in order to provide additional protection
for City of Tucson public-supply wells northeast of the ponds
(such as SC-5, SC-12, and SC-13), several additional monitor wells
should be installed in sections 14 and 23 of T16s/R13~, north of
the San Xavier wells.

D. Mine B Study Area

1. Hydrogeologic Conditions

Ground-water conditions in the Mine B study area were discussed
in a draft report (Hargis and Montgomery, 1982). They indicated
that hydrologic bedrock has been encountered east of the tailings
ponds at a depth of about 800 feet. Most of the saturated alluvium
beneath the tailings ponds is part of the Tinaja Beds, as the Fort
Lowell Formation appears to be above the water level as of 1981.

Figure 14 shows the location of drill holes, public-supply wells,
mine-supply wells, domestic wells, irrigation wells, and unused
wells near and east of the Mine B tailings ponds. Two public­
supply wells are present near a small community east, and within
1 mile of pond no. 3. In addition, one more public-supply well
(Old New Pueblo) is located about 1 mile east of pond no. 3. A
domestic well is also present at the Air Force facility east of
pond no. 2. Numerous irrigation wells and some domestic wells and
mine supply wells are located farther to the east along the flood
plain of the Santa Cruz River. Depth to water beneath the east
edge of the ponds was about 430 feet in 1981 (Hargis and Montgomery,
1982, Table 1)' . Water levelS in Drll1 -Hole-P=-1225 -deciinecCalmost-- - -- ­
80 feet -between 1970-- and-1981,- or at a ra:te--a:veraging -about7 --feet
per year.

Figure 15 shows water-level elevation contours for the period
December 1980-February 1981. Water-level elevations exceeded
2,550 feet above mean sea level beneath the tailing ponds, and
were less than 2,525 feet northeast of pond no. 3. The direction
of ground-water mOvement beneath the east 'edge of pond no. 2isto the
northeast toward Santo Tomas well no. 6. The direction of ground-

- 49 -



1. 17 S.

1. 18 5

PONDS

Pima Aasoelotion of Governments a 1<.0. Schmidt. 1983

rR~~;~~~ed'-fr~m-- - .

L_best available copy:

13 E.

F [ E l'

- 50 -

WELLS AND DRILL HOLES.IN THE VICINITY OF

THE MINE B

EX P~ANATION

:t.
0 _tic

e PuIIIlc Supply

CD lrriGatlon ": 1
lil lIIino$<qlpl, Wells

• lIIonlto< ~ . '. ~

• Urused

<I Pilot IntoRoplo<.

e Wi" B DrIll Hole

Local' well dea.ilJftCltionl on ahown.

FIGURE 14. - LOCATION OF

==----,..-....=--.. -----....._~~ ._----------



Reproduced from
best available copy.

_---2550-­
Water- Level 'ElevcUion Contour, feet above mean

.&e0 level. Doshed where inferred.

2562

•
EXPLANATION

Well measured durinQ December 1980­
February 1981, and waler -level elevation
in feel above mean sea level.

E.

.
I,LL=-"",,'--""«- '.lJL...I-.A.J.....L_"""-_UJ'

T. 17 S.

T. 18 S.

TOPOGRA~HIC INFORMATION FROM U ~ GEOLOGICAL SURVEY (1981) AND POND DESIGNATIONS FROM HARSHBARGER AND HARGIS (1982)

o 2,000 4,000 6,000

FEE T

FIGURE 15.- WATER- LEVEL ELEVATIONS IN THE VICIN ITY OF THE' ~1-~E-EQpONDS (1980-81)

Pima Association of' Governments' a K. D. Schmidt, 1983

- 51 -



water movement beneath" pcmd no. 3, appe~rs>to be e§.ste_rly !P~§lTd, the
community of Santo Tomas. The slope of the water table averages
about 60 feet per mile in the vicinity of the Mine B tailings
ponds. Recharge from the ponds would thus tend to move northeast
toward Santo Tomas, and thence northerly.

2. Amounts of Pumpage and Pond Recharge

Information on pumpage and recharge from tailings ponds is on
file with the Arizona Department of Water Resources in Phoenix.
Pumpage from the Mine B mine-supply wells commenced in 1966. Annual
pumpage from three wells was about 8,900 acre-feet in 1970. Annual
pumpage from the mine-supply wells ranged from about 5,500 to
11,900 acre-feet during 1970-80. The average annual pumpage during
this period was about 8,800 acre-feet. Recharge from the Mine B
tailings ponds is estimated to have been about 3,200 acre-feet in
1979. Since 1976, some ground water pumped near the Twin Buttes pit
has apparently also been largely disposed to the tailings ponds, but
this is not included in the previous values. In 1979 and 1980, the
volume of this ground water was slightly greater than the pumpage
from the mine-supply wells.

Pumpage from the Mine B mine-supply_ wells is derived from
relatively deep alluvial deposits beneath the flood plain of the
Santa Cruz River. Only one of these wells (no. 3) is downgradient
of the ponds. However, this well is presently far beyond the
influence of recharge from the Mine B ponds. Thus, the mine-supply
wells at Mine B cannot be expected to control the movement of re­
charge from the tailings ponds, as is occurring at Mine A. Total
recharge from the tailings ponds (exclusive of water from the pit
vicinity) since 1969 has probably been in the range of about 45,000
to 60,000 acre-feet (Travers, 1983).

3. Quality of Tailings Pond Water

Water from the Mine B tailings pond has not been sampled as part
of the Mines Special Studies Program. However, limited data are
available (Engineers Testing Laboratory, Inc., 1973). Table 3
contains chemical analyses of water collected from Mine B pond no. 2
in the early 1970's. The water was generally of the calcium-
sodium sulfate type, with total dissolved solids contents ranging
from about 900 to 1,100 mg/l. Sulfate contents ranged from about
500 to 700 mg/l, and hardness as calcium carbonate ranged from
about 350 to 400 mg/l. Sulfate and total dissolved solids contents
of water in the Mine B pond thus were only about one-third of those
for water in the Mine A ponds.
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TABLE 3. - CHEMICAL QUALITY OF WATER
IN MINE B POND NO. 2

- "'~ - ~

;'.:.~. ~ -.

Constituent (mg/l ) 6/14/71 7/26/71 9/10/71

Calcium 153 130 137
Magnesium 4::1 9 4
Sodium 118 193 191
Carbonate <1 <::1 <1
Bicarborlate 26 54 49
Sulfate 513 677 615
Chloride 54 22 42
Ni trate 1 1 1
Flouride 3.0 1.4 0.7
Molybdenum 6.3 5.8 4.6
pH 6.15 6.75 8.20
Total Dissolved Solids 883 1,094 1,044
Total Hardness (CaC0 3) 385 365 356

Analyses from Engineers Testing Laboratories, Inc. (1973).
Analyses by ETL of Phoenix.



4. Ground-Water Quality

Maps have been prepared for sulfate, hardness, and total dis­
solved solids contents in water from wells in the vicinity of the
Mine B ponds that were sampled during Summer 1982 (Figures 16, 17,
and 18). Because of a paucity of data points, particularly where
high contents are present, contours were not prepared. In general,
contents of these constituents were lowest to the west of the Santa
Cruz River flood plain, except at Drill Hole P-1225 which is adja­
cent to the northeast edge of pond no. 2. Sulfate and total dis­
solved solids contents in water from P-1225 were almost identical,
in Summer 1982, to average levels in the pond water. Drill Role
:P-:.l225 was..EJ50 feel;. deep, and p.~rJ9i~tE':?:.f'rom 415. to 630 feet
ir1 'depth ."( Hargis' and Montgomery, 1982):. Sulfate ccm.tents in.
water from two drill holes immediately east of pond no. 3 were less
than 40 mg/l in Summer 1982. Based on these maps alone, no other
wells appear to have been impacted by recharge from the Mine B
ponds. More extensive regional water-quality information is in­
cluded in the report, "Region Wide Ground Water Quality in the
Upper Santa Cruz Basin Mines Task Force Study Area," prepared by
the Task Force and Pima Association of Governments (1983).

Water-quality hydrographs were prepared for the three drill holes'
immediately east and downgradient of the Mine B ponds (Figures 19,
20, and 21). Contents of these constituents in water from Drill
Hole P-1225 were relatively constant from 1970 to 1979, but in­
creased substantially thereafter. Within a period of several years,
sulfate contents in water from P-1225 increased from less than 50
to more than 500 mg/1. There were also substantial increases in
hardness and total dissolved solids contents. Water from P-1758
has had rather constant sulfate, hardness, and total dissolved
solids contents since sampling commenced in 1978. There were
significant increases in constituent levels in water from P-1759 in
about 1979. However, levels had rapidly declined by 1981, virtually
back to background levels. The decreases may be partly due to the
disposal of large volumes of ground water pumped from near the Twin
Buttes pit after 1978.

Water-quality hydrographs were prepared for sulfate and hardness
content in water from Santo Tomas .wells nos. 5 and 6 (Figure 22).
Sulfate and hardness contents in water from well no. 6 fluctuated
and slightly decreased from 1971 through 1982. On the other hand,
contents of these two constituents in water from well no. 5
apparently remained fairly constant between 1970 and 1979. However,
there were significant increases in sulfate and hardness contents
during 1980-82 in water from this well. Hardness content in water
from Santo Tomas well no. 5 had increased to more than 170 mg/1 in
1982, compared to less than 80 mg/1 in 1970. These results suggest
that water from Santo Tomas well no. 5 is also beginning to be
affected by recharge from the Mine B tailings ponds.
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A trilinear diagram (Figure 23) was prepared for pond water,
water from two Santo Tomas wells, and water from the three
drill holes east of the tailings ponds that have been regularly
sampled. Water from the P-1225 plot is almost identical to pond
water in the anion field, confirming that water in this drill hole
is derived almost entirely from pond recharge. Results of a sample
collected from P-1759 in March 1980, when sulfate contents were
high, indicated, from the .anion plot, that this drill hole was also
influenced by tailings pond recharge at that time.

A pilot interceptor reclamation well (RT-l) was installed east
of the ponds and pump tested. This well is in TITS, R13E, 27dcc
and is 18 inches in diameter, 975 feet deep, and perforated from
415 to 975 feet. Planned withdrawals from this well are 3,500
acre-feet/year (Arizona Department of Water Resources, 1983).
However, no resUlts of water-quality sampling have been provided
for the Mines Special Studies Program.

5. Conclusions and Recommendations

Recharge of water from Mine B tailings pond no. 2 has caused
increases in hardness and sulfate contents in water from Drill Hole
P-1225. Sulfate content in water from P-1225 exceeded 500 mg/l,
more than double the recommended level for drinking water, in Summer
1982. It appears that pond recharge has also affected water from a
downgradient public-supply well (Santo Tomas no. 5). Mine-supply
wells are located too distant from the Mine B ponds to control
the movement of recharged pond water.

Further efforts should be made to define the plume of degraded
ground water downgradient of the Mine B ponds. Monitor wells should
be installed, or drill holes sampled, farther east of the ponds
than the three drill holes now presently sampled to accomplish this.
In addition, interceptor well pumpage may be advisable in the area
upgradient of the two public-supply wells. Also, the trace organic
chemical composition of water from P-1225 should be determined,
specifically with reference to flotation agents used in the milling
process. Additionally, pond sampling for inorganic and organic
constituents should be initiated and/or data obtained.

E. Mine D Study Area

1. Hydrogeologic Conditions

Subsurface Geology

Mine D provided geologic and gamma-neutron logs for numerous
wells in the vicinity of the Sierrita pond. In addition, a map of
the hydrologic bedrock topography was also provided. A series of
monitor wells and interceptor wells have been installed along the
eastern and southern boundaries of the Sierrita tailings pond. In
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addition, three monitor wells were installed.about 1 mile east of
the northeast part of the pond. There are now seven interceptor
wells and thirteen monitor wells in the network (Figure 24). In­
formation from these wells, plus drill holes and other nearby
wells, was used to prepare the bedrock topography map.

Hydrologic bedrock in the vicinity has been described as lime­
stone or volcanics. The top. of this unit slopes to the east
beneath the north part of the Sierrita pond and to the southeast
beneath the south part. The slope is generally about 300 feet per
mile beneath the central and western parts of the pond. However,
near the eastern edge of the pond, the slope steepens significantly,
and in some cases exceeds 2,000 feet per mile. The top of the
hydrologic bedrock is about 500 feet deep beneath the northeast
corner of the pond and slightly more than 1,000 feet deep beneath
the southeast corner. The bedrock topography map indicates the
presence of two troughs suggestive of stream erosion of the bedrock
surface. One is present near the south edge of the pond and one is
present beneath the northern part of the pond.

Figure 24 shows the location of two subsurface geologic cross
sections prepared as part of this study. Cross Section A-A'
extends from north to south along the east edge of the pond. Cross
Section B~Br extends from near the central part of the east edge of
the pond easterly to Green Valley.

Figure 25 shows subsurface geologic conditions along Section A~A' .
The characteristics of the various subsurface geologic units were
discussed in more detail by Schmidt (1982) in a report on the
Nitrate Study Area, which lies to the east of the Mine D study area.
The top of the hydrologic bedrock slopes to the south along this
section. In addition, rocks of the Pantano Formation, or e~uivalent,

apparently overlie the bedrock, and thicken to the south. The
Pantano Formation appears to be less than 100 feet thick near the
northeast corner of the tailings pond, and may be correlated with
the caliche conglomerate at the Twin Buttes pit (Hargis and
Montgomery, 1982). Near the southeast corner of the Sierrita pond,
this unit appears to be about 200 to 300 feet thick. Deposits of
the Tinaja Beds overlie the Pantano Formation and are difficult to
distinguish in this area from deposits of the overlying Fort
Lowell Formation. In Spring 1982, the water level was near the base
of the Tinaja Beds beneath the northeast corner of the pond. How­
ever, about 350 feet of this unit appeared to be saturated near the
southeast corner of the pond. The Fort Lowell Formation appeared
to be above the water level along this section in 1982, except near
the south end.
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Figure 26 shows subsurface geologic conditions along Section
B-B', which is oriented from west to east. The top of the
hydrologic bedrock slopes steeply to the east along this section.
The top of the hydrologic bedrock is about 600 feet below land
surface near the pond, but more than 1,400 feet deep only i mile
to the east at M-13. None of the wells along the flood plain of
the Santa Cruz River south of Continental are known to have
penetrated the hydrologic bedrock. However, based on deep wells
farther to the north, the top of this unit is believed to be
almost 2,000 feet deep near FICO well W-9. The Pantano Formation
is between 100 and 200 feet thick near the east edge of the pond,
and probably more than 700 feet thick near the Santa Cruz River.
Slightly more than 100 feet of the Tinaj a Beds were saturated near
the pond along this section in Spring 1982. Near the Santa Cruz
River, the water level was just above the top of the Fort Lowell
Formation in Spring 1982.

Interceptor and Monitor Wells

.The Mine D interceptor and monitor wells generally extend to the
top of the hydrologic bedrock. Table 4 includes construction data
for the 13 monitor wells. All are equipped with 3-inch-diameter
casing and are generally perforated opposite all of the saturated
alluvium. The first nine of these wells were drilled between
November 1975 and July 1976, and the last four were drilled in
February 1977. Table 5 contains construction" data for the seven
interceptor wells. The first four interceptor wells were installed
during May-July 1978, and were located near the southeast part of
the Sierrita tailings pond. Three of these wells are equipped
with 14-inch-diameter casing and were drilled by the reverse
rotary method and gravel-packed. The fourth was drilled by the
cable-tool method and equipped with 16-inch-diameter casing to a
depth of 700 feet and smaller-diameter casing below. These wells
are generally perforated opposite all of the saturated alluvium.
In addition, many had perforations above the water level as of
Spring 1982.

Interceptor Well Pumpage

Pumpage of the first four interceptor wells (1-1 through 1-4)
commenced in April 1979. Pumpage of well 1-5 commenced in October
1980, and pumpage of wells 1-6 and 1-7 began in March 1981. Figure
27 shows monthly pumpage for each of the~interceptorwells,based
on records supplied by Mine D. Total monthly pumpage has usually
ranged from about 380 to 540 acre-feet per month. The annual
pumpage from the interceptor wells was between 5,000 and 6,000 acre­
feet during 1980-81. However, in 1982, the pumpage through Septem­
ber had decreased to the equivalent of an annual total of about
3,800 acre-feet per year. Approximately 18,000 acre-feet of water
had been pumped from the interceptor wells by the end of September
1982.
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Water Levels

Figure 28 shows water-level elevation contours for December 1976­
January 1977 in the vicinity of the Mine D Sierrita pond. This map
thus shows conditions prior to commencement of pumpage from the
interceptor wells. The direction of ground-water flow was generally
to the northeast toward the community of Green Valley and the Mine
D Esperanza well field. Water-level elevations were about 2,850
feet above mean sea level in the vicinity of the first four inter­
ceptor wells. Water-level elevations were less than 2,650 feet in
the vicinity of the Esperanza well field. Beneath the south part
of the pond, the hydraulic gradient exceeded 150 feet per mile.
Beneath the northern part of the pond, the hydraulic gradient
exceeded 200 feet per mile. Based on the 1976-77 water-level
elevation contour map, several FICO irrigation wells, at least two
public-supply wells at Green Valley, and the Esperanza well field
appeared to be downgradient of the Sierrita tailings pond.

Depth to water in April 1979, before pumpage of the interceptor
wells began, ranged from about 270 feet at M-2 and M-13 to about
420 feet at M-l. Thus, depth to water at that time along the east
edge of the pond increased to the north. Depth to water also in­
creased to the north at the three monitor wells about 1 mile east
of the east edge of the pond.

Figure 29 shows water-level elevation contours for December 1981­
February 1982 in the vicinity of the Sierrita pond. Better control
was available for this time period thail: .for 1976-77 because the
three newest monitor wells were also measured. Pumpage of the
interceptor wells has influenced some of the contours, notably
those east of the south part of the pond. The direction of ground­
water flow was still to the northeast; however, the hydr.aulic
gradient had been considerably decreased. i The gradient beneath the
south part of the pond appeared to be less than 25 feet per mile
for December 1981-February 1982. However, there was no indication
of a cone of depression near the interceptor wells. Water-level
elevations were about 2,800 feet above mean sea level in the
vicinity of the first four interceptor wells. Water-level elevations
in the Esperanza well field were generally less than 2,625 feet at
this time.

Water-level hydro graphs were prepared for some of the monitor
wells for the period April 1979-September 1982 (Figures 30, 31, and
32). These are based on records supplied by Mine D. Hydrographs
for three monitor wells in the vicinity of the first four intercep­
tor wells are shown in Figure 30. Water levels in all of these
wells have shown a noticeable response to purnpage of nearby inter­
ceptor wells. Water levels in well M-8 are highly influenced by
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pumpage of well I-I, and water levels in well M-6 are highly
influenced by pumpage of 1-5. Short-term drawdown and recovery
patterns are related to increases and decreases in pumpage of
water from specific interceptor wells. Total pumpage from all
interceptor wells was, temporarily, substantially reduced in early
1982, and water levels in these three monitor wells recovered
noticeably at that time. Water-level declines in these wells
ranged from about 25 to 40 feet between April 1979 and September
1982.

Figure 31 shows water-level hydrographs for monitor wells along
the east edge of the Sierrita pond, north of most of the intercep­
tor wells. Well M-5 is in close proximity to well 1-6, and water
levels in M-5 drew down noticeably. when pumpage. of 1-6 began in
early 1981. Water levels in the remaining three monitor wells
farther north have shown little response to pumpage of the inter­
ceptor wells. Water levels in the two northernmost wells (M-1 and
M-3) fell less than 5 feet between April 1979 and September 1982.

Figure 32 shows water-level hydrographs for the three monitor
wells about 1 mile east of the east edge of the Sierrita pond.
Water levels in these wells appear to fall during the summer and
to rise or stay relatively constant in the winter. Water levels
in these wells appear to be affected by pumpage of nearby public­
supply wells and irrigation wells to the east and southeast. Water­
levels in the three monitor wells 'declined from about 25 to 35 feet
between April 1979 and September 1982.

Aquifer Characteristics

In Summer 1978, 24-hour pump tests were conducted on the first
four interceptor wells. Pumping rates ranged from 800 gpm at well
1-4 to about 1,500 gpm at well 1-2. Specific capacities ranged
from 10 to 16 gpm per foot. Transmissivities ranged from about
16,000 to 27,000 gpd per foot, in good agreement with the specific
capacity data. Transmissivity is, thus, relatively uniform along
the eastern edge of the ponds south of well 1-5. Information on
aquifer characteristics at wells 1-5 and 1-6 was not available for
this report. However, transmissivity is expected to decrease sub­
stantially to the north, due to the thinning of the aquifer in that
direction. Storage coefficients for these short-term tests are
indicative of a semiconfined aquifer. Longer-term pump tests would
likely provide results indicative of the specific yield of the
alluvial materials.

2. Well Use

There are two public-supply wells (CW-1 and CW-3) at Green Valley
that are about 1-1/2 miles east of the east edge of the Sierrita
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pond. Both of these wells appear to have been downgradient of the
pond, both in 1976-77 and 1981-82, based on Figures 28 and 29.
There are two other public-supply wells (GV-l and GV-2) about 1-1/2
miles east of the southeast corner of the Sierrita pond. Based on
Figure 29, these two wells did not appear to be downgradient of the
tailings pond as of 1981-82. Two other public-supply wells in the
vicinity (GV-6 and CW-6) do not appear to have been downgradient of
the Sierrita pond as of 1981-82. The Esperanza well field was
downgradient of the southern part of the pond as of 1981-82. Most
of the FICO wells along the flood plain of the Santa Cruz do not
appear to have been downgradient of the pond as of 1981-82.

3. Pond Recharge

Data on file with the Arizona Department of Water Resources
indicate that recharge from the Sierrita pond was about 6,900 acre­
feet in 1979. This was about 30 percent of the pumpage from the
Esperanza and Sierrita mine-supply wells. This amount should
probably be considered a minimum value because there has been sub­
stantial pond~ng of free water on alluvium at the Sierrita pond.
Pumpage from the Esperanza wells has decreased in recent years and
was only about 1,700 acre-feet in 1979. The Sierrita wells are
located to the south and do not exert a control on the movement of
tailings pond recharge in the ground water. Recharge from the
tailings pond appears to have been at least 50 percent greater than
the average pumpagefrom the interceptor wells during 1979-81. It
is possible that recharge of tailings pond water was almost double
the volume of pumpage from the interceptor wells during 1979-81.
Between 1970 and 1982, there has probably been at least 90,000 acre­
feet, and possibly more than 130,000 acre-feet, of recharge from the
Sierrita tailings pond. About 18,000 acre-feet have been removed
by pumpage of the interceptor wells.

4. Chemical Quality of Pond Water

Table 6 contains the results of several chemical analyses of
water reclaimed from the Sierrita pond. Mine D has provided num­
erous analyses of pond water for April 1979 through October 1982.
The water is of high pH and of the calcium sulfate type, similar in
composition of the major inorganic chemical constituents to Mine A
pond water. Calcium and sulfate contents suggest that the water is
saturated with respect to gypsum. Trace elements analyzed are at
low levels and are not expected to be present at significant levels
in water at such a high pH. Contents of cyanide, molybdenum, and
selenium, which might be expected to be present in such water, have
not been reported.
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TABLE 6. - CHEMICAL QUALITY OF WATER
FROM MINE D SIERRITA POND

--;---;::::.-- ---
:,.~.~-;;;+~~. :~'

. - .....~'::.,:

,"':::-
'';'; / ....,;

-__ :-:; I 12/17/79 12/2/80 . 11/23/81. '':-1,._

Constituent (mg/l)

Calcium '"-':"':-. 631 608 601
Magnesium 4!1 5 7
Sodium 177 264 267
Potassium 36 29 50
Bicarbonate 24 35 27
Sulfate 1,806 1,842 1,948
Chloride 158 ·'102 83
Silica 24 " ..;-. 28
Copper c:::: 0 . 1 < 0.1
Iron '::0.1 <0.1
Lead <0.1 <0.1
pH 9.2 9.4 9.3
Electrical Conductivity

(rLlicromhos/cm @ 250 C) 3,240 4,440 2,450
Total Dissolved Solids 2,856 2,885 3,011

Data from Duval Corporation for reclaimed water fron pond.
Analyses by Duval Corporation chemical laboratory.
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Figure 33 shows changes in sulfate and total dissolved solids
contents in Sierrita pond water from April 1979 through October
1982. Both sulfate and total dissolved solids contents increased
during the first year of pumping of the interceptor wells. In­
creasing contents of these constituents in the pond water during
1979 and early 1980 are likely due to the contribution of inter­
ceptor well pumpage to makeup water for the mill. The average
sulfate content was about 2,000 mg/l, and the average total
dissolved solids content was about 3,000 mg/l in the pond water
during 1980-82.

5. Ground-Water Quality

Contour maps were prepared for sulfate, hardness, and total
dissolved solids contents in well water in the vicinity of the
Sierrita pond, based on sampling in Fall 1982 (Figures 34, 35, and
36). Sulfate contents exceeded 1,200 mg/l along the east edge of
the pond, except for the extreme northern part. A plume of high
sulfate content is apparent, extending easterly and northeasterly
from the tailings pond. This plume extends to M~ll and M-13,
about 1 mile east of the east edge of the pond, but has apparently
not reached any other wells farther downgradient. However, water
from public"':supplywell CW-l has apparently not been routinely'
sampled, and this well appears to be directly downgradient of the
plume. The plume also had not reached public-supply well CW-3,
based on analyses for late 1982. Background contents of sulfate
in the area appear to be less than 200 mg/l, based on contents in
water from the Esperanza well field and from public-supply wells
along Interstate 19, east of the plume. Pumpage of the interceptor
wells appears to have distorted the shape of the plume near the
southeast corner of the pond.

Figure 35 shows contours for hardness in well water in the vicinity
of the Sierrita pond. The distribution of hardness (primarily due

-·to calcium content) was similar to that for sulfate. Hardness con­
tent as calcium carbonate exceeded 1,200 mg/l in about the same area
as where the sulfate content exceeded the same level. This is
further confirmation that recharge of tailings pond water, high in
calcium and sulfate, has caused the plume. Background levels in
the area for hardness as calcium carbonate appeared to be less than
200 mg/I.

Figure 36 shows contours for total dissolved solids content in well
water in the vicinity of the pond. Total dissolved solids contents
had a similar distribution to that for sulfate and hardness. Total
dissolved solids contents exceeded 2,000 mg/l along most of the east
edge of the pond, except for the northern part. Background levels
for total dissolved solids in the vicinity appear to be less than
500 mg/l. More extensive regional water-quality data is included
in "Region Wide Ground Water Quality in the Upper Santa Cruz Basin
Mines Task Force Study Area," prepared by the Upper Santa Cruz Basin
Mines Task Force and the Pima Association of Governments (1983).
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EXPLANATION
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Water-Quality hydrographs were prepared for numerous interceptor
and monitor wells. Mine D provided chemical analyses for April
1979-0ctober 1982. Figures 37 and 38 show sulfate and total dis­
solved solids c8ntents in.water'f-rom two ."of _tlis: fnterceptor-'wells.
Contents for 1-2, which is located near the southeast corner of the
pond, have decreased with time (Figure 37). Sulfate content de­
clined from .about 1,200 to less than 600 mg/l after 3-1/2 years of
pumping. The sulfate content of 600 mg/l indicates that only about
one-third of the water pumped from this well in late 1982 was re­
charged tailings pond water. Thus, the interceptor wells along the
south edge of the pond (I-I, 1-2, and 1-7) are probably substantially
affected by inflow of good Quality water from the southwest.

Figure 38 indicates that contents of sulfate and total dissolved
solids in water from well 1-4, which is located about 4,000 feet
north of well 1-2, have remained relatively constant. Contents
declined during the first 6 months of pumping, but then slowly rose
to approximately constant levels. The average sulfate content in
water from well 1-4 has been about 1,200 mg/I. It is estimated that
water from this well pumps a mixture of about three-fourths recharged
tailings pond water and one-fourth other ground water. Of the seven
interceptor wells, only 1-4, 1-5, and 1-6 are in the part of the
plume with highest sulfate contents.

Figures 39 and 40 show sulfate and total dissolved solids contents
in water from two monitor wells, north of the first four interceptor
wells. Contents in water from well M-3, which is near the north­
eastern part of the pond, remained relatively constant between April
1979 and October 1982 (Figure 39). However, there has been a slight
increase in sulfate and total dissolved solids contents during this
period. Well M-3 is about 4,500 feet north of well 1-6, which is
the northernmost of the interceptor wells. Contents of sulfate and
total dissolved solids in water from well M-3 indicate no response
to purnpage of the interceptor wells, which is consistent with con­
clusions based on water-level measurements (Figure 31). Well M-6
is located between wells 1-4 and 1-5, and appears to be in the area
of the highest sulfate content.

Both sulfate and total dissolved solids contents in water from
well M-6 remained relatively constant between April 1979 and October
1982. Sulfate contents have averaged about 1,500 mg/l, and water
from well M-6 is probably almost all derived from tailings pond re­
charge.

Figures 41 and 42 show sulfate and total dissolved solids contents
in water from two of the monitor wells about 1 mile east of the east
edge of the pond. Both of these wells are located within the plume.
Sulfate and total dissolved solids contents in water from well M-11
have remained relatively constant (Figure 41). Sulfate contents
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have averaged about 1,100 rug/I. It is estimated that about two­
thirds of the water present at this well is derived from tailings
pond recharge. Well M-13 is about one-half mile south of well
M-ll. Both sulfate and total dissolved solids contents of water
from this well rose during the first 20 months of interceptor well
pumpage (Figure 42). Since that time (about the end of 1980),
contents of both constituents have remained relatively constant.
Sulfate contents in water from well M-13 averaged about 1,000 mg/1
during 1981-82. Slightly less than two-thirds of the water from
well M-13 is derived from tailings pond recharge.

A trilinear diagram (Figure 43) was prepared for pond water and
wells in the vicinity. Of the interceptor wells, water from wells
1-3, 1-4, 1-5, and 1-6 plot closest to pond water in the anion
field, indicating that water from these wells contains a high per­
centage of recharged tailings pond water. Water from wells 1-1
and 1-7 plots the least similarly to pond water of the interceptor
wells, indicating the influence of other ground water near the south
edge of the pond. Water from wells M-4, M-ll, and M-13 plots close
to pond water in the anion field, also indicating that water from
these wells contains a high percentage of recharged pond water.
Water from wells M-l, M-3, and M-12, which are all to the north,
also shows the influence of other ground water. The results of
the trilinear diagram thus confirm previously drawn conclusions.

6. Conclusions and Recommendations

Pumping of the interceptor wells since April 1979 has removed a large
vOlume of degraded ground water near the Sierrita pond. The interceptor
wells have been effective in altering the direction of ground-water movement
in the area east of the southeast corner of the pond. Based on water-
level elevation contours for 1981-82, two public-supply wells east of
the ponds (GV-l and GV-2) are no longer downgradient of the ponds, as
they may have been in 1976-77.

The interceptor wells have had little noticeable impact on the part
of the plume near two other pUblic-supply wells (CW-l and CW-3). Also,
contents of hardness and sulfate near most of the east edge of the
pond are remaining relatively constant. The volume of pond recharge
is believed to be about 50 to 100 percent more than the volume of
interceptor well pumpage at present. Also, pumpage of wells along the
south edge of the pond has been relatively less effective than other
interceptor wells because induced ground-water underflow is mixing
with recharged tailings pond water in that vicinity.

It appears that pumpage from interceptor wells should be increased
by about 50 to 100 percent. In addition, more water should be pumped
in the area where sulfate and hardness contents exceed 1,200 mg/l.
Wells 1-4, 1-5, and 1-6 are in this area, but additional wells are
probably needed between about one-quarter and one-half mile to the
northeast of these wells.

- 93 -



;t
v1
i~

~_
O

]R
e

cl
a

lm
W

a
te

r
-

S
ie

rr
it

a
P

o
n

d
s

I!
M

-1
.

9
/3

0
/8

2

B
M

-3
.

9
/3

0
/8

2

;y
;\0

-
-
-

-
-
-
-
1

I;~
.
+

:-
lM

in
e

_Q
JM

o
n

it
o

r
W

e
lls

I

'.

<I:
"'

.

r­ ·1

E
sp

e
ra

n
za

P
ro

d
.

W
el

ls
,

-
E

-2
.

1
0

/1
4

/8
1

e
E

-4
.

7
/2

2
/8

2

M
u

n
ic

ip
a

l
W

e
ll

o
e

w
e

#
3

.
9

/1
0

/8
1

,-
,

A
1-

1.
1

0
/2

0
/8

2

6
1

-2
.

1
0

/2
0

/8
2

•
1

-3
.

"

6
1

-4
.

9
/2

3
/8

2

~
1

-5
.

7
/2

9
/8

2

I!o
1

-6
.

9
/2

3
/8

2

•
1

-7
.

4
/2

0
/8

2

In
te

rc
e

p
to

r
W

e
lls

8
0
~

A
X

)(
)(

Jl
),

,~
\

i
Y

V
Y

Y
Y

~
o

~
~

CJ>
'1. \D ~

§c1
'dO

0"
"

(;
j SO

4
0

A:
)(

)(
)(

)(
Jl

)"

I.
8

0

/~
Ot

1
--

)(
y

)(
)(

\

II
•

M
-1

3
,

II
M

-4
.

II

D
M

-1
1

.
II

II
M

-1
2

.
II

o
5

/2
1

/7
6

t)
4

/2
7

/7
9

f)
1

0
/2

9
/7

9

Q
4

/2
8

/8
0

e
1

0
/2

7
/8

0

o
4

/2
7

/8
1

G
)

1
0

/2
6

/8
1

e
4

/2
0

/8
2

o
1

0
/2

0
/8

2

F
IG

U
R

E
4

3
.

-
T

R
IL

IN
E

A
R

D
IA

G
R

A
M

o
ri

M
IN

E
1

0
:W

E
L

L
A

N
D

P
O

N
D

W
A

TE
R

Q
U

A
L

IT
Y

"-".
:_

--
--

_
._

.
P

Im
a

A
ss

o
cl

a
llo

n
o

f
G

o
ve

rm
e

n
ts

a
K

.D
.S

ch
m

Id
t,

1
9

8
2



Monitoring to provide protection for Green Valley public-supply wells
appears to be inadeQuate. At least one monitor well should be installed
between well M-ll and public-supply well CW-l, and the monitor well
should tap a depth interval similar to CW-l. At least one monitor well
should be installed between well M-l3 and public-supply well CW-3, and
the monitor well should tap a depth interval similq.r to CW-3. Both
public-supply wells and the two monitor wells should be sampled on a
monthly basis, at least for indicator constituents (electrical con­
ductivity, sulfate, and hardness). In addition, other constituents
that are believed to be present at significant levels in tailings pond
water should be determined in water from wells within the plume. These
include cyanide, molybdenum, and trace organics. In addition, selenium
should be routinely monitored.

Presently, the vertical distribution of calcium and sulfate in the
aQuifer is poorly known downgradient of the pond. It is unlikely that
the plume is present in the entire saturated thickness of the aQUifer,
particularly near wells M-ll and M-13. Before new deep monitor or
interceptor wells are drilled and perforated over large depth intervals,
a careful depth sampling program for water Quality should be undertaken.
This would allow delineation of the exact vertical distribution of re­
charged pond water in the aQuifer. Potential vertical transfer of
pollutants along the annular spaces of future wells could then be
minimized through the use of adeQuate annular seals.

If exact amounts of pond recharge are unknown, efforts should be
intensified to make this determination. This would appear to be
necessary in order to fully evaluate the effectiveness of the interceptor
well system.

F. Summary of Conclusions

1. Recharge from tailings ponds at Mine A, Mine B, and Mine D has
locally degraded the Quality of downgradient ground water. High
contents of sulfate and hardness are indicative of this recharge.

2. Migration of recharged water from the Mine A tailings ponds appears
to be limited at present by pumpage of the Mine A mine-supply wells.

3. Recharged water from the Mine B pond no. 2 appears to be moving
toward at least one public-supply well. Pumpage of an interceptor
well or wells may be desirable.

4. Pumpage of the interceptor wells near the Mine D Sierrita pond is
not adeQuately controlling the movement of recharged pond water.
At least two downgradient public-supply wells appear to be threat­
ened. A substantial increase in the volume of pumpage from inter­
ceptor wells appears to be necessary.
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5. Enhanced monitoring programs appear to be necessary at each of
the three study areas. These include additional characterization
of the pond water and determination of water budgets for pond
recharge. Also, contents of cyanide, molybdenum, selenium, and
selected trace-organic chemical constituents should be determined
in water from wells affected by tailings pond recharge.

- 96 -



APPENDIX A

REFERENCES CITED

Arizona Department of Water Resources. 1978-1980. Certificate
of Exemption Annual Reports.

Arizona Department of Water Resources. 1983. Well Drillers'
well log files at the Arizona Department of Water Resources,
Phoenix, Arizona.

Clark, S. D. 1981. Description of the General Hydrogeologic
Characteristics in the Vicinity of the ASARCO Mission Pit.
Prepared by Water Development Corporation. Draft. 16 pp.

Condes de la Torre, A. 1970. Streamflow in the Upper Santa
Cruz River Basin, Santa Cruz and Pima Counties, Arizona.
U.S. Geological Survey Water Supply Paper 1939-A. 26 pp.

Davidson, E. S. 1973. Geohydrology and Water Resources of the
Tucson Basin, Arizona. U.S. Geological Survey Water Supply
Paper 1939-E. 81 pp.

Engineers Testing Laboratory. 1973. Materials,Investigation,
Farmers Investment Company vs. Mines Near Sahuarita, Arizona.
Prepared by Coe and Van Loo, Phoenix, Arizona.

Farnsworth, R. K., Thompson, E. S., and E. L. Peck. 1982.
Evaporation Atlas for the Contiguous 48 United States. NOAA
National Weather Service, U.S. Department of Commerce,
Washington, D.C.

Finnell, T. L. 1970. Pantano Formation In Cohee, G. V., Bates,
R. G., and Wright, W. B., Changes in Stratigraphic Nomenclature
by the U.S. Geological Survey, 1968. U.S. Geological Survey
Bulletin l294-A., pp. A35-A36.

Hail, W. R., and W. A. Wahler and Associates. March 26,1974.
Letter to Gordon Davis, City of Tucson Planning and Research
Engineer. Palo Alto, California. 7 pp. (unpublished).

Harshbarger, J. W. and D. R. Hargis. 1982. Hydrogeology of the
PAG Study Area, Anamax Mining Company, Twin Buttes Mine.
Preliminary Draft Report. 10 pp.

Kealy, C. D., Busch, R. A., and M. M. McDonald. 1974. Seepage­
Environmental Analysis of the Slime Zone of a Tailings Pond.
U.S. Department of Interior, RI 7939. 89 pp.

A-I



Laney, R. L. 1972. Chemical Quality of Water in the Tucson Basin,
. Arizona. U.S. Geological Survey Paper 1939-D. 46 pp.

E. E. Luhdorff Co., Inc. 1974. Well Summary for City of Tucson,
Arizona, Report on Monitor Well Drilling near Mines Tailings
Po-nds. 7 pp.

Mining Engineering. 1982. Selective Flotation:
as a Science. Engineering Fundamentals Series.

An Art as Well
pp. 275-279.

Mining Engineering. 1982. Sulfide and Nonsulfide, Flotation
Applications. Engineering Fundamentals Series. pp. 377-381.

PEDCo. Environmental, Inc. 1983. Monitoring of the Number 8 Tailings
Impoundment at Cyprus-Pima's Copper Mine Near Tucson, Arizona.
DRAFT. Prepared for U.S.E.P.A. Contract No. 68-03~2900.

Piper, A. M. 1944. A Graphic Procedure in the Geochemical Interpretation
of Water Analyses. American Geophysical Union Transactions,
Vol. 25, pp. 914-923.

Schmidt, K. D. 1982. Hydrogeologic Conditions in the Nitrate Study
Area, Sahuarita-Continental Vicinity. Prepared for the Pima
Association of Governments. 20 pp.

Schmidt, K. D. 1983. Effects of Recharge from Tailings Ponds for
Copper Millings Wastes in the Tucson Copper Mining District.
Preliminary Draft. Phoenix, Arizona. 55 pp.

Soderberg, R.L. 1983. Personal communication with Frank Postillion.
U. S. Bureau of Mines.

Thurnblad, T. W. 1982. An Evaluation of the Effectiveness of Hydrogen
and Oxygen Isotopes Used in Concert with Chemical Water Quality
Parameters as Indicators of Subsurface Water Movement and Source.
Prepared for OWRT, Project No. 1-103-ARIZ. 130 pp.

Thuss, M. F. 1978. Water Use Information for Pima County, Arizona.
Prepared for Pima Association of Governments 208 Program, Tucson,
Arizona;

Travers, B. C. 1983., Groundwater Modeling St1:ldy of the Upper Santa
Cruz and Avra Valley Basins in Pima, Pinal, and Santa Cruz

.' Counties, Southeastern Arizona; Arizona Department of Water Resources,
(in preparation).

Upper Santa Cruz Basin Mines Task Force. 1979.
Groundwater Quality Baseline Report, Vol. I.
Association of Governments, Tucson, Arizona.

Upper Santa Cruz
Prepared by Pima
7Lpp.

Upper Santa Cruz Mines Task Force. 1980. Upper Santa Cruz Mines
Task Force Detailed Work Program, 1981-1982 Activities. 34 pp.

A-2



Upper Santa Cruz Basin Mines Task Force. 1983. Region Wide Ground­
water Quality in the Upper Santa Cruz Basin Mines Task Force Study
Area. DRAFT. Prepared by Pima Association of Governments, Tucson,
Arizona.

Wahler, W. A. and Associates. 1973. Investigation of Tailings
Ponds Seepage--Becker Exploration Data. DRAFT. Prepared for City
of Tucson, Arizona. Palo Alto, California. 24 pp. (unpublished).

A-3




