From: Kelly Kimbro

To: Radke, Bill

Cc: Harden, Tasha; Harden, Tasha; Leon, Brenda

Subject: [EXTERNAL] Re: San Bernardino Valley Hydrology Reports
Date: Monday, February 10, 2020 4:33:49 PM

Attachments: ADEQ Ambient Groundwater Quality Study 2002.pdf

USGS Water Resources Investigations Report 90-4190 February 1991.pdf
USGS Report 90-4190 February 1991 page 20 - 28.pdf
Aquifer Test at SBNWR December 2002.pdf

Bill, hope you are well!
We missed seeing you at the MBG meeting...Warner and | were actually not here either, until late in the
day.

I just found this email in my SPAM...I was dumping the 1000's of emails that come to SPAM and found
that this email along the one you sent after our October 31 meeting, several emails from [(SJJJEJJ and
several from [ were embedded in SPAM...I am so sorry | did not respond to this email and
thank you for the reports!

| am wondering if the emails | sent you on November 20 and 21 ever reached your INBOX, also | had
sent one on January 12th, 2020?77

After reading this, | searched for anything from you or your team on updating us on levels dropping, etc.
Did not find anything, so if you had sent something, please resend!

Also, the Contractor had filled us in on the ruling to not be able to use the East Pasture Well...in the
frantic conversations about that, when evidently my emails were not reaching you, | finally called Tasha
and she had said you would rather use the Geronimo irrigation wells...we passed that on to the contractor
and they notified us they would rather use the East Pasture Well...| finally asked them what was
happening and they said they could not use it.

What started the search through my emails was that | knew there was a report or a documented date that
the pond on the refuge dried up...could you please send me that date? Our Astin Spring dried up
several years ago and actually since the Border Project started it has replenished!....| realize that is from
an abundance of rainfall in November and December!

Also, if possible, please let me know how the other wells and ponds are doing.

In asking around the neighborhood, no one is having a water issue yet...we can only hope.

We have undergone a lot of charges and criticism for them using that one well, as you know.

Up to today, our static levels in all of our ranch wells are remaining the same and the contractors are still
maintaining around 30,000 gallons out of the well at mm 13.

| appreciate that and | know you do, as we had heard the predictions and they were much worse!

They were working 24/6 days a week, but have curved back and weekends seem to be worker free! That
is two less days of the week they are using water! Yay!

| thank you in advance for the information | am requesting and apologize that | never responded to the

email below!
Kelly

On Wednesday, November 6, 2019, 11:51:22 AM MST, Radke, Bill <bill_radke@fws.gov> wrote:


mailto:bill_radke@fws.gov
mailto:Tasha_Harden@fws.gov
mailto:Tasha_Harden@fws.gov
mailto:Brenda_Leon@fws.gov
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Thanks:

Field Assistance: Elizabeth Boettcher and Angela Lucci.
Specnal recognition is extended to the well owners who were kmd enough to give
permission to collect groundwater data on their property.

Report Cover: ADEQ’s Elizabeth Boettcher collects a sample (SBV-14) from a windmill

pumping watet into a tank that supplies a series of drinking troughs for livestock
and wildlife. The windmill is located north of Wildcat Hill about a haif mile east
of Black Draw in the San Bernardino Valley basin,
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Other Publications of the ADEQ Ambient Groundwater Monitoring Program

ADEQ Ambient Groundwater Quality Open-File Reports (OFR):

Dripping Springs Wash Basin
McMullen Valley Basin

Gila Valley Sub-basin

Agua Fria Basin

Pinal Active Management Area
Hualapai Valley Basin

Big Sandy Basin

Lake Mohave Basin
Meadview Basin

San Simon Sub-Basin
Detrital Valley Basin

San Rafael Basin

Lower San Pedro Basin
Willcox Basin

Sacramento Valley Basin
Upper Santa Cruz Basin
Prescott Active Management Area
Upper San Pedro Basin
Douglas Basin

Virgin River Basin

Yuma Basin

OFR 10-02, August 2010, 33 p.
OFR 11-02, June 2010, 94 p.

OFR 09-12, November 2009, 99 p.
OFR 08-02, July 2008, 60 p.

OFR 08-01, June 2007, 97 p.

OFR 07-05, March 2007, 53 p.

OFR 06-09, October 2006, 66 p.
OFR 05-08, October 2005, 66 p.
OFR 05-01, January 2005, 29 p.
OFR 04-02, October 2004, 78 p.
OFR 03-03, November 2003, 65 p.
OFR 03-01, February 2003, 42 p.
OFR 02-01, July 2002, 74 p.

OFR 01-09, November 2001, 55 p.
OFR 01-04, June 2001, 77 p.

OFR 00-06, Sept. 2000, 55 p. (With the U.S. Geological Survey)
OFR 00-01, May 2000, 77 p.

OFR 99-12, July 1999, 50 p. (With the U.S. Geological Survey)
OFR 99-11, June 1999, 155 p.

OFR 99-04, March 1999, 98 p.

OFR 98-07, September, 1997, 121 p.

ADEQ Ambient Groundwater Quality Fact sheets (FS):

San Bernardino Valley Basin
Dripping Springs Wash Basin
McMullen Valley Basin

Gila Valley Sub-basin

Agua Fria Basin

Pinal Active Management Area
Hualapai Valley Basin

Big Sandy Basin

Lake Mohave Basin
Meadview Basin

San Simon Sub-basin

Detrital Valley Basin

San Rafael Basin

Lower San Pedro Basin
Willcox Basin

Sacramento Valley Basin
Yuma Basin

Virgin River Basin

Prescott Active Management Area
Douglas Basin

Upper San Pedro Basin

FS 10-31, December 2010, 4 p.
FS 11-02, August 2010, 4 p.
FS 11-03, June 2010, 6 p.

FS 09-28, November 2009, 8 p.
FS 08-15, July 2008, 4 p.

FS 07-27, June 2007, 7 p.

FS 07-10, March 2007, 4 p.

FS 06-24, October, 2006, 4 p.
FS 05-21, October 2005, 4 p.
FS 05-01, January 2005, 4 p.
FS 04-06, October 2004, 4 p.
FS 03-07, November 2003, 4 p.
FS 03-03, February 2003, 4 p.
FS 02-09, August 2002, 4 p.
FS 01-13, October 2001, 4 p.
FS 01-10, June 2001, 4 p.

FS 01-03, April 2001, 4 p.

FS 01-02, March 2001 4 p.

FS 00-13, December 2000, 4 p.
FS 00-08, September 2000, 4 p.
FS 97-08, August 1997, 2 p. (With the U.S. Geological Survey)

These publications are available on-line at: www.azdeq.gov/environ/water/assessment/ambient.html|
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Ambient Groundwater Quality of the San Bernardino Valiey Basin: A 2002 Baseline Study

Abstract - In 2002, the Arizona Department of Environmental Quality (ADEQ) conducted a baseline groundwater
quality study of the San Bernardino Valley basin located within Cochise County in the southeastern corner of
Arizona. The basin is, north-to-south, 21 miles long and is a gently sloping valley between low elevation mountain
ranges. >’ The basin covers 387 square miles in Arizona and is bounded by the Pedregosa and Perilta Mountains on
the west, the Peloncillo Mountains on the east, and the International border with Mexico to the south, The northern
border with the San Simon sub-basin is a gentle, poorly defined boundary that is adjacent to the high elevation
Chiricahua Mountains, '” The basin has both interstate and international aquifer components, encompassing 35
square miles to the east in New Mexico; and about 400 square miles to the south in Sonora, Mexico.

Besides sharing an aquifer with an adjacent state and country, the basin’s groundwater resources are also important
to local ranchers and other residents located in scattered locations. Although there are no incorporated communities
in the basin, groundwater is the primary source for domestic and stock use. " " Black Draw is the major drainage in
the basin and is ephemeral except near the international border where springs and artesian wells supply ponds that
provide habitat for endangered native fish at the San Bernardino National Wildlife Refuge.”

Volcanic flows and cinder cones cover much of the valley floor. Most groundwater in the basin is obtained from thin
units of sand and gravel inter-bedded with basalt flows or from shallow alluvium. '” Thick deposits of alluvium are
generally not present in the basin, Groundwater flow is generally from the mountains toward the central part of the
valley and then south towards Mexico. '* Most of the 100 acre-feet of groundwater annually pumped is used for
domestic and stock purposes,?'

To characterize regional groundwater quality, samples were collected from 14 sites consisting of domestic and stock
wells located throughout the basin. Inorganic constituents and oxygen and deuterium isotopes were collected at 14
sites; at 13 sites radon samples were also collected. The data indicate that groundwater in the San Bernardino Valley
basin meets drinking water quality standards and is suitable for domestic, municipal, stock and irrigation purposes.?

Health-based, primary maximum contaminant levels (MCLs) are enforceable standards that define the maximum
concentrations of constituents allowed in water supplied for drinking water purposes by a public water system.
These water quality standards are based on a lifetime daily consumption of two liters.  Health-based primary MCLs
were noi exceeded at any of the 14 sites, Aesthetics-based secondary MCLs are unenforceable guidelines that define
the maximum constltuent concentration that can be present in drinking water without an unpleasant taste, color, or
odor.” Aesthetics-based secondary MCLs were exceeded at 7 of the 14 sites, Of the 13 sites sampled for radon,
none exceeded the proposed 4,000 picocuries per liter (pCi/L) standard that would apply if Arizona establishes an
enhanced multimedia program to address the health risks from radon in indoor air, Six sites exceeded the proposed
300 pCi/L standard that would apply if Arizona doesn’t develop a multimedia program,

Groundwater is typically slightly-alkaline, fresh, and hard to very hard, based upon pH levels and total dissolved
solids (TDS) and hardness concentrations. > Most samples consisted of calcium, mixed or sodium-bicarbonate
chemistry. Nutrient concentrations were low. Fluoride and zinc were the only trace elements commonly detected.

[sotope values of samples were lighter and more depleted than would be expected from recharge originating at the
basin’s low elevations, Most samples appear to consist of recharge originating high in the cool Chiricahua
Mountains which indicates that the northern boundary of the basin is likely more of a surface water divide than a
groundwater demarcation. ' ** Some shallow wells have slightly enriched isotope values that indicate a limited
amount of recharge occurs locally from low elevation mountains or alluvial channels in the San Bernardino Valley.”
Samples from some deep wells have isotope values so depleted that they likely consist of paleowater predominantly
recharged 8,000-12,000 years ago when the basin was coolet and subject to much less evaporation, '*

Generally, wells pumping paleowater and Chiricahua Mountain recharge were significantly deeper than wells
pumping water that included low elevation recharge. With most constituents however, concentrations are highest in
the paleowater and lowest in the Chiricahua Mountain recharge, but only total dissolved solids, specific
conduetivity, sodium and fluoride concentrations were significantly different (Kruskal-Wallis with Tukey test, p <
0.05). These four constituents are often elevated in groundwater having a long aquifer residence time. *°






INTRODUCTION
Purpose and Scope

The San Bernardino Valley groundwater basin
encompasses approximately 387 square miles within
Cochise County in the extreme southeast corner of
Arizona (Map 1), ' The basin also includes about 35
square miles in New Mexico and about 400 square
miles in Mexico. '" *' The basin is lightly populated
and there are no incorporated towns located within its
boundaries. Arizona Highway 80 runs through the
basin providing access to scattered ranches and
domestic residences.

Groundwater is the primary source for domestic and
stock water supply within the basin, * In addition.
groundwater discharge through springs and artesian
wells provides habitat for several species of
threatened and endangered fish, including the Yaqui
shiner. Yaqui chub. Yaqui catfish, and Yaqui
topminnow in the 2,509-acre San Bernardino
National Wildlife Refuge. ¥

Sampling by the Arizona Department of
Environmental Quality {ADEQ) Ambient
Groundwater Monitoring program is authorized by
legislative mandate in the Arizona Revised Statutes
§49-225, specifically:  “..ongoing monitoring of
waters of the state, including.. aquifers to detect the
presence of new and existing pollutants, determine
compliance with applicable waier qualitv standards.
determine the effeciiveness of besi management
practices, evaluate the effects of pollutants on public
health or the emvironment, and defermine water
quality trends.”*

Benefits of ADEQ Study - This study. which
utilizes  accepted  sampling  techniques and
quantitative analyses, is designed to provide the
following benefits:

e A general characterization of regional
groundwater quality conditions in the San
Bernardine Valley basin identifying areas
with impaired conditions and water quality
variations between groundwater of different
origins. .

e A process for evaluating potential
groundwater quality impacts arising from a
variety of sources including mineralization,
mining. livestock, septic tanks, and poor
well construction,

e A guide for identifying future locations of
public supply wells.

e A guide for determining areas where further
groundwater quality research is needed.

Physical Characteristics

Geography — The San Bernardino Valley basin is an
elongated structural basin in the Basin and Range
physiographic province and is bordered by north-
south trending, low elevation mountain ranges. The
basin is approximaiely 21 miles long from the north
to south in Arizona and 18 miles wide at the
international border and extends south into Mexico. *'

The basin is bounded on the south by the
international border with Mexico, on the gast by the
southern Peloncillo Mountains (sometimes referred to
as the Guadalupe Mountains), and on the west by the
Perilla and Pedregosa Mountains.*' The northern
portion of the basin is not bounded by a mountain
range. but by a poorly defined flow divide at the
south edge of the San Simon Valley sub-basin.
(Figure 1). " The exact delineation of the boundary
between the San Bernardino and San Simon valleys
is a matter of great subjectivity. as hydrologic reports
are not consistent in its location. '* Beyond the basin
boundary to the northwest are the high elevation
Chiricahua Mountains. Elevations range from 6.410
feet above mean sea level (amsl) in the Pedregosa
Mountains to 3,715 feet ams! at Black Draw at the
[nternational Boundary,”' In comparison, the
Chiricahua Peak has an elevation of 9,751 feet amsi.

The San Bernardino Valley basin predominantly
consists of State Trust lands; interspersed are
scattered parcels of private land. Areas managed by
the U.8. Forest Service and Bureau of Land
Management are found in the highest elevations of
the Peloncillo Mountains to the east and the
Pedregosa Mountains to the northwest., :

Established in 1982, ihe San Bernardino National
Wwildlife Refuge is located in the center of the valley
along the international border and has fong been a
historic source of water for travelers. Once a pati of
the 73,240 acre San Bernardino Land Grant created
in 1822 by the Mexican government, approximately a
quarter of it was annexed to the U8, under the
Gadsden Purchase, John Slaughter. Cochise County
sheriff and rancher, purchased the land grant in 1884
and his San Bernardino ranch is now a museum
located just west of the refuge. i

]
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Map 1 - San Bernardino Valley Basin
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The primary vegetation type in the San Bernardino
Valley is Chihuahuan desert scrub, consisting
primarily of white-thorn acacia, creosote bush, and
tarbush. At higher elevations grow oak, juniper, and
pinyvon trees. " On the San Bernardine National
wildlife Refuge, a mesquite bosque is present, with
mesquite, hackberry, and catclaw as the predominant
species. Along Black Draw within the refuge. there is
a riparian‘aquatic assemblage. with catfails along
with cottonwood and black willow trees.

Climate — The semi-arid climate of the San
Bemardino Valley basin is characterized by hot
summers and mild winiers, Precipitation occurs
predominantly as rain in either late summer, localized
monsoon thunderstorms or, less often, as widespread,
low intensity winter rain that sometimes includes
snow at higher elevations, Annual precipitation
amounts increase with elevation, ranging from 8 to
16 cm precipitation per year. In the nearby
Chiricahua Mountains, annual precipitation averages
36 cm,

Geology - The mountain ranges surrounding the San
Bernardino Valley basin are composed primarily of
Cretaceous and Tertiary intermediate and silicic
volcanics. Outcrops of Cretaceous and Paleozoic
sedimentary rocks occur in the Perilla Chiricahua and
Pedregosa Mountains and in the southeastern corner
of the valley floor. '**'

The major geomorphic feature in the San Bernardino
Valley basin is the extensive Geronimo volcanic
field, which is dominated by young basalt flows and
vent complexes. In many areas of the basin, the
basalts are also present in the subsurface. Welt logs
reveal layering of at least four basalt flows separated
by basin-fill sediments. ' The thickness of the basalt
flow decreases to the south. A thin layer of alluvium
covers the basalt flows around the southern and
western margins of the basin, '

HYDROLOGY

Surface Water - The San Bernardino Valley basin is
drained by Black Draw which crosses the border with
Mexico to become a tributary to the Rio San
Bernardino, Ephemeral over the majority of its
length. Black Draw is perennial at a small cienega
fed by springs and artesian wells in the San
Bernardino National Wildlife Refuge.

Black Draw has two major fributaries, Cottonwood
Draw and Hay Hollow Wash, both of which head in
the Peloncillo Mountains at the east edge of the
basin, Silver Creek, which heads in the Pedregosa

and Perilla Mountains drains the western part of the
basin and joins the Black Draw-Rio San Bernardino
system about one mile south of the International
Boundary.

Groundwater - The San Bernardino Valley is an
open, drained basin in which both surface water and
groundwater flow out of the basin.

Heterogeneous basin-fill deposits form the only
important aquifer in the basin. '“'" Basalt flows inter-
bedded within the basin fill have the potential of
creating confined aquifers (Diagram 1). However, it
is likely that the basin-fill is interconnected to some
degree creating a single aquifer system. ' The basin-
fill aquifer is unconfined over most of its extent. The
only artesian conditions known to occur are where a
lacustrine clay layer produces confined conditions
within the San Bernardino National Wildlife Refuge.
A shallow, unconfined aquifer is present above the
confining layer at the refuge. "’

\inor amounts of groundwater also occur in the
surrounding mountains within zones of fractured or
weathered volcanics and in thin layers of valley-fill
alluvium overlying the bedrock.™

Depth to groundwater generally increases south to
north in the basin, From depths to water less than 200
feet near the international border, groundwater depths
increase to more than 600 feet along the northern
boundary with the San Simon sub-basin. ™

Around 300 wells have been drilled in the basin
although probably much fewer remain in production.
tn 1983. 57 wells were found outside the refuge with
46 wells primarily used for stock supply, eight wells
used for domestic supply, three wells were unused
and no wells were used for irrigation, "> Depth of
these wells varies greatly but a few are oil
exploration wells drilled in the early 1970s to almost
6,000 feet in depth. *

In addition. there are numerous springs in the
mountain ranges surrounding the valley. Generally,
these upland springs discharge minor amounts of
flow from fractured bedrock in the mountains or
represeni underflow in alluvial channels that is forced
to the surface by shallow bedrock. " In conirast, on
the valley ftoor, all known springs and seeps are
focated on the San Bernardino National Wildlife
Refuge that discharge flow from the basin-fill
aquifer. Springs at the refuge act as drains to the
basin-fill aquifer. *!






Recharge, Movement and Discharge — Only a
small percentage of precipitation and the associated
surface runoff contribute to groundwater recharge in
the basin. '” Most piedmont slopes and basalt-capped
valley floor surfaces are not considered to be
important recharge areas because of a partially
indurated surface and deep depths to groundwaier.
Recharge has been estimated to be approximately
6,500 acre-feet annually and consists of both
mountain-front recharge and tributary-recharge from
runoff percolating through thinner parts of the vadose
zone beneath the basin’s ephemeral waterways, *'

Groundwater generally moves toward the basin
center from the bordering mountain ranges, then
south to the regional sink formed by the Rio San
Bernardine in Mexico, The annual trans-boundary
discharge is estimated at 5,545 acre-feet'
Groundwater movement and discharge have
remained essentially at a pre-development state since
there have been few attempts to significantly develop
groundwater resources in the basin because of its
small population and limited economic development.
However, limited well data suggests that substantial
supplies of economically recoverable groundwater
are not present in the basin, "’

EXPLANATION

STREAM ALLUYIUM

UPPER BASIN FILL

AURFICIAL BASALY LAYER

FINE-GAAINED SEDIMENT LAYER OF THE
URFER BASIN FILL, OA BASALY CAYER

LOWER BASIN FILL WITH FACIES CHANGE 3
GRADING TO FINE-GRAINED MATERIAL
IMUDITONE AKD EYAPGRITES)

mmmm= WATER FARLE

=T POTENTIOMETRIC SURFAGE FOR LOWER
HASIN FILL~Quetied whees uncertain

Dlagram 1. The diagram illustrates a generalized lithologic cross-section of the San Bernardino
Valley basin along the international border, Artesian groundwater conditions occur in the San
Bernardine National Wildlife Refuge because the lower basin fill is partly confined by low
permeability cays of the lower basin fill or overlying dense basalt. B






Figure 1 — The San Bernardino National Wildlife
Refuge is located where Black Draw intersects the
border with Mexico. Springs and artesian wells within
the refuge supply water to ponds that hold several
species of threatened and endangered fish, including
the Yaqui shiner, Yaqui chub, Yaqui catfish, and

Yaqui topminnow.
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Figure 2 — The majority
grazing; there are no incorporated towns within the
basin. Scattered ranches are about the only structures
within the San Bernardino Valley basin.
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Figure 3 — Since much of the land within the San
Bernardino Valley is far from electrical power lines,
windmills are used in many locations to pump
groundwater such as at this ranch home in the
Pedregosa Mountains.

Figure 4 = Pump jacks were once commonly used in
the basin to pump groundwater at remote locations;
these have generally been replaced with windmills
and, most recently, by submersible pumps powered by
solar cells.






Figure 5 - The northern part of the San
Bernardino Valley is characterized by basalt flows.
The vegetation in this area consists predominantly
of grass. The boundary between the San Bernardino
Valley basin and the San Simon sub-basin to the
north is poorly defined.

Figure 6 — This windmill located in proximity to
U.S. Highway 80 near the former community of
Bernardino was sampled (5BV-9) as part of the
study. The sample from the well consisted of soft,
sodium-bicarbonate woater with a low TDS
concentration of 240 mg/L.

Figure 7 — The Choate Well is located along the
border east of the San Bernardino National Wildlife
Refugee. Formerly a windmill was used to pump
water; now a submersible pump powered by solar
cells brings groundwater to the surface. The sample
(5BV-1/1D) from this well revealed very hard water
with the highest TDS, fluoride and zinc
concentrations in the study.
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Figure 8 — In the southern part of the basin, the
vegetation transitions into a Chihuahuan desert
scrub, consisting primarily of creosote bush, white-
thorn acacia, creosote bush, and tarbush. The
Pelloncillo Mountains are seen in the background.
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Figure 9 — Artesian flow from the stand pipe for Oasis Well discharges into a pond located within the
San Bernardino National Wildlife Refuge. A lacustrine clay layer produces confined conditions which
result in the flowing wells; a shallow, unconfined aquifer is also present at the refuge (Photo courtesy of
Chris Lohrengel, U.S. Fish and Wildlife Service).

Figure 10 — Ponds located within the San Bernardino National Wildlife Refuge contain several rare,
endangered fish species. These ponds are supplied by a combination of natural springs and flow from
artesian wells such as from the standpipe from the Twin Ponds well (Photo courtesy of Chris Lohrengel,
U.S. Fish and Wildlife Service).
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Figure 1 ples an artesian well (SBV-4) located ot the Slaughter

Ranch adjacent to the San Bernardino National Wildlife Refuge. A lacustrine clay layer produces
confined conditions which result in the flowing wells; a shallow, unconfined adquifer is also present.

Figure 12 — The San Bernardino Valley basin has remained essentially at o pre-development hydrologic
state since there has never been any significant attempt to extract groundwater resources in the area.
Wells drilled for domestic and livestock uses in the basin suggest however, that there are not substantial
supplies of economically recoverable groundwater. !’ The groundwater in the basin appears suitable for
domestic uses as all 14 samples met all health-based, drinking water quality standards.






INVESTIGATION METHODS

ADEQ collected samples from 14 groundwater sites,
to characterize regional groundwater quality in the
San Bernardino Valley (Map 2). Samples for this
study were collected during two field trips conducted
in November 2002. Specifically, the following types
of samples were collected:

e oxygen and deuterium isotopes at 14 sites
e inorganic suites at 14 sites
e radon at [3 sites

No bacteria sampling was conducted because
microbiological ~ contamination  problems  in
groundwater are often transient and subject to a
variety of changing environmental conditions
including soil moisture content and temperature. '’

Wells pumping groundwater for domestic and stock
purposes were sampled for this study. A well was
considered suitable for sampling if the owner gave
permission to sample, if a sampling point existed near
the wellhead, and if the well casing and surface seal
appeared to be intact and undamaged."* Other factors
such as construction information were preferred but
not essential.

For this study, ADEQ personnel sampled 14 wells,
seven windmills, six wells served by submersible
pumps, and one well had artesian flow. Additional
information on groundwater sample sites is compiled
from the ADWR well registry in Appendix A. *

Sample Collection

The sample collection methods for this study
conformed to the Quality Assurance Project Plan
(www.azdeq.gov/function/programs/lab/index.html)
and the Field Manual for Water Quality Sampling. L
While these sources should be consulted as
references to specific sampling questions, a brief
synopsis of the procedures involved in collecting a
groundwater sample is provided.

After obtaining permission from the owner to sample
the well, the volume of water needed to purge the
well three bore-hole volumes was calculated from
well log and on-site information. Physical
parameters—temperature,  pH, and  specific
conductivity—were monitored at least every five
minutes using an YSI multi-parameter instrument.

To assure obtaining fresh water from the aquifer,
after three bore volumes had been pumped and
physical parameter measurements had stabilized

within 10 percent, a sample representative of the
aquifer was collected from a point as close to the
wellhead as possible. In certain instances such as
with windmills during intermittent winds, it was not
possible to purge three bore hole volumes. In these
cases, at least one bore hole volume was evacuated
and the physical parameters had stabilized within 10
percent.

Sample bottles were filled in the following order:

1. Radon
2. Inorganic
3. Isotope

Radon, a naturally occurring, intermediate
breakdown from the radioactive decay of uranium-
238 to lead-206, was collected in two unpreserved,
40-ml clear glass vials. Radon samples were filled to
minimize volatilization and subsequently sealed so
that no headspace remained.’

The inorganic constituents were collected in three, 1-
liter polyethylene bottles: samples to be analyzed for
dissolved metals were delivered to the laboratory
unfiltered and unpreserved where they were
subsequently filtered into bottles using a positive
pressure filtering apparatus with a 0.45 micron (um)
pore size groundwater capsule filter and preserved
with 5 ml nitric acid (70 percent). Samples to be
analyzed for nutrients were preserved with 2 ml
sulfuric acid (95.5 percent). Samples to be analyzed
for other parameters were unpreserved.

Isotope samples were collected in a 3500 ml
polyethylene bottle with no preservative.

Laboratory Methods

The inorganic analyses for this study were conducted
by the Arizona Department of Health Services
(ADHS) Laboratory in Phoenix, Arizona. Inorganic
sample splits analyses were conducted by Del Mar
Laboratory in Phoenix, Arizona. A complete listing
of inorganic parameters, including laboratory
method, EPA water method and Minimum Reporting
Level (MRL) for each laboratory is provided in Table 1.

Radon samples were analyzed by Radiation Safety
Engineering, [nc. Laboratory in Chandler, Arizona.

[sotope samples were analyzed by the Department of
Geosciences, Laboratory of Isotope Geochemistry
located at the University of Arizona in Tucson,
Arizona.
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Table 1. Laboratory Water Methods and Minimum Reporting Levels Used in the Study

Constituent Instrumentation ADHS / Del Mar ADHS / Del Mar
Water Method Minimum Reporting Level
Physical Parameters and General Mineral Characteristics
Alkalinity Electrometric Titration SM2320B / M2320B 2/6
SC (uS:cm) Electrometric EPA 120.1/ M2510 B -2
Hardness Titrimetric, EDTA S$M 2340 C / SM2340B 101
Hardness Calculation SM 2340 B --
pH (s1) Electrometric SM 4500 H-B 0.170.1
TDS Gravimetric SM2540C 0/10
Turbidity (NTU)  Nephelometric EPA 180.1 0.01./0.2
Major [ons
Calcium [CP-AES EPA 200.7 1/2
Magnesium ICP-AES EPA 200.7 17025
Sodium ICP-AES EPA 200.7 1/2
Potassium Flame AA EPA 200.7 05/2
Bicarbonate Calculation Calculation / / M2320 B 2/2
Carbonate Calculation Caleulation / ' M2320 B 2/2
Chloride Potentiometric Titration SM 4500 CL D/ E300 52
Fluoride lon Selective Electrode SM 4500 F-C 0.1/04
Sulfate Colorimetric EPA 375.4.E300 1/2
Nufrients
Nitrate as N Colorimetric EPA 353.2 0.02/0.1
Nitrite as N Colorimetric EPA 353.2 0.02/0.1
Ammonia Colorimetric EPA 350.1'EPA 330.3 0.02°05
TRXN Colorimetric EPA 351,'2':; MA500- 0.05'1.3
NH3
Total Phosphorus  Colorimetric EPA 3654 "A4500-PB 0,02 0.1

All units are mg 1. except as noted
'
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Table 1. Laboratory Water Methods and Minimum Reporting Levels Used in the Study--Continued

Trace Metals

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Copper
Fluoride
Iron

Lead
Manganese
Mercury
Nickel
Selenium
Silver
Thallium

Zinc

ICP-AES

Graphite Futnace AA
Graphite Furnace AA
ICP-AES

Graphite Furnace AA
ICP-AES

Graphite Furnace AA
Graphite Furnace AA
Graphite Furnace AA
Ion Selective Electrode
ICP-AES

Graphite Furnace AA
ICP-AES

Cold Vapor AA
ICP-AES

Graphite Furnace AA
Graphite Furnace AA
Graphite Furnace AA
ICP-AES

EPA 200.7
EPA 200.8
EPA 200.9/EPA 200.8
EPA 200.8/ EPA 200.7
EPA 200.9/EPA 200.8
EPA 200.7
EPA 200.8
EPA 200.8 / EPA 200.7
EPA 200.8 / EPA 200.7
SM 4500 F-C
EPA 200,7
EPA 200.8
EPA 200.7
SM 3112 B/EPA 245.1
EPA 200.7
EPA 200.9 / EPA 200.8
EPA 200.9 / EPA 200.7
EPA 200.5/EPA 200.8
EPA 200.7

03/0.5
0.005/0.003
0.005 / 0.001

0.005t00.1/0.01
0.0005 /0,001

01702

0.0005/0.00]
0.01/0.01
0.01/0.01

0.1/04

0.1/70.05
.005/0.001

0.05/0.01
0.0002 70,0002
0.1/0.01
0.005/0.002
0.001/0.01
0.002 /0,001
0.05/0.5

Al units are mg/L.
Source > ¥
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DATA EVALUATION
Quality Assurance

Quality-assurance (QA) procedures were followed and
quatity-control  (QC) samples were collected to
quantify data bias and variability for the San
Bernardino Valley basin study. The design of the
QA QC plan was based on recommendations inciuded
in the Qualitv Assurance Project Plan (QAPP) and the
Field Manual For Water Ouality Sampling. "~ Types
and numbers of QC samples collected for this study are
as follows:

e Inoreanic; (two duplicates, two partial
duplicates and two splits}.
Radon: (no QA ‘QC samples)
Isotope: (no QAQC samples)

Blanks — Equipment blanks for inorganic analyses are
collected to ensure adequate decontamination of
sampling equipment, and that the filter apparatus
and or de-ionized water were not impacting the
groundwater quality sampling.” No equipment blank
samples were collected for this study.

Duplicate Samples - Duplicate samples are identical
seis of samples collecied from the same source at the
same time and submitted to the same laboratory. Data
from duplicate samples provide a measure of
variability from the combined effects of field and
laboratory procedures.” Duplicate samples were
collected from sampling sites that were believed to
have elevated constituent concentrations as judged by
specific conductivity (SC) field values. Two duplicate
samples and fwo partial duplicate samples were
collected in this study.

Analytical resulis indicate ihat of the 40 constituents
examined, 21 had concentrations above the Minimum
Reporting Levels (MRL). The maximum variation
between duplicates was less than 10 percent (Table 2).
The only exceptions were TKN (26 percent). turbidity
{24 percent). and beryllium and zinc (13 percent}.
However, the consiituents with a high percentage
variation of concentrations show a small difference in
actual concentrations (Table 2),

Split Samples - Split samples are identical sets of
samples collected from the same source af the same
fime that are submitted to two different laboratories to
check for laboratory differences,” Two inorganic split
samples were collected and analytical resulis were
evaluated by examining the variability in constituent

concenirations in terms of absolute levels and as the
percent difference.

Analytical results indicate that of the 40 constituents
examined only 19 had concenirations above MRLs for
both ADHS and Del Mar laboratories {Table 3), The
maximurm variation between splits was 10 percent, The
only exceptions were TKN (83 percent), nitrate (35
percent), and fluoride (20 percent). Split samples were
also evaluated using the non-parametric Sign test to
determine if there were any significant differences
between ADHS laboratory and Del Mar laboratory
analytical results,"™ = There were no significant
differences in constituent concentrations between the
labs (Sign test. p < 0.05).

Based on the results of blanks, duplicates and the split
sample collected for this study, no significant QA/QC
problems were apparent with the groundwater quality
collected for this study. There were however, two
exceptions.

One site, SRB-3.3D had a nitrite concentration of 10
mg L. which is 10 times the health-based water quality
standard. In over 1,450 sites sampled by the ADEQ
ambient monitoring program, there have been no nitrite
water quality exceedances, let alone one of this
magnitude. The partial duplicate also collected at the
well did not include nutrients. There was no
docummentation of rechecking this highly unusual result
with the ADHS laboratory back in 2003 when the
water quality report was received. In 2010, the ADHS
laboratory was not able to investigate potential errors
to the sample because records are only kept for five
vears, The well from which the high nitrite sample was
collected could not be resampled in 2010 because it
was no longer used. Based on previous niirite
concentrations found in groundwater in Arizona, the
nitrite exceedance was deleted from the study.

Radon sampling was also problematic as there were
two non-detects and two very low concentrations of the
13 collected samples. Such low radon concentrations in
groundwater in Arizona are often indicative of
incorrect sampling techniques that have allowed off-
gassing.” Thus, radon concentrations collected in this
study should be used with caution,

Data Validation

The analytical work for this study was subjected to the
following five QA'QC correlations. " The analytical
work conducted for this study was considered valid
based on the guality control samples and the QA/QC
correlations.






R

|

I g i a

Table 2. Summary Results of San Bernardino Valley Basin Duplicate Samples from the
ADHS Laboratory

ysical Parameters and General Mineral Characteristies

Alk,, Total 2 1% 1% - 2 30 -
8C (uS/om) 2 0% 0% - 0 0 -
Hardness 2 0% 0% - 0 0 -
pH (su) 2 1% 1% - 0.1 0.2 -
TDS 2 0% 3% - 0 10 -
Turb, (ntu) 2 18 % - 0.7 13 -
Major Tons
Bicarbonate 2 0% 1% - 1 30 -
Calcium 5 0% 4% 1% ] 10 0.7
| Magnesium 5 1% 3% 2% 0.2 3 1
Sodium 5 0% 7% 0% 0 20 0
Potassium 5 0% 3% 0% 0 1 0
Chloride 2 3% 8% - l 1.1 -
Sulfaie . 2 0% 1% - 0 0.1 -
Nutrients -
Nitrate (as N) 2 4% 8% - 0.004 0.09 -
TKN 2 0% - 0 0.053
Trace Elements

Barium 5 0% 4% 0% 0 0.1 0
Beryllium 5 0% 3% 0 0.0001 0.00022
Boron 5 0% 0% 0 0.1 0
Copper 4 0% - & 0.002 -
Fluoride 2 2% - 0.1 .1 -
Zine 5 0 % 7% 0 0.9 0.3

All concentration units are mg/L except as noted with certain physical parameters,
Copper was detected at 0,14 mg/L in one duplicate and not detected in the other duplicate at an MRL of 0.01 mg/L.
Chromium was detected at 0,11 mg/L in one duplicate and not detected in the other duplicate at an MRL of 0. 10 mg/L.
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Table 3. Summary Results of San Bernardino Valley Basin Split Samples from the

ADHS/Del Mar Labs
Difference in Percent Difference in Levels
Constituents Number Significance
Minimum Maximum Minimum Maximum
Physical Parameters and General Mineral Charaeteristics
Alkalinity, total 2 2% 1% 12 60 ns
SC (uS:em) 2 1% 3% 10 100 ns
Hardness 2 1 % 3% 10 20 ns
pH (su) 2 2% 5% 0.21 0.84 ns
TDS 2 0% 2% 0 30 ns
Turbidity (ntu) 1 3% 39, 1 i ns
Major Tons
Calcium 2 0% 0% 0 0 ns
Mugnesium 2 2% 5% { 4 ns
Sodium 2 3% 3% 4 10 ns
Potassium 2 4% 7% 0.4 2 ns
1 Chloride 2 3% 9% 0.1 1 ns
i | Sulfate 2 4% 5% 4 20 ns
.1 Nutrients
' Nitrate as N 2 0% 3% 0 14 s
; TEN 1 8395 83% ) 1.27 127 ns
: Trace Elements
| Barium 2 0% 4% 0 0.01 ns
1 Beryllium 1 49 4% 00007 00007 ns
| .
| Fluotide 2 59 20% 0.14 03 fs
iron 1 0% 0% 0 0 n$
Zinc I 5% 5% 0.03 0.03 ns
ns = No signiticant (p, < 0.05} difference
. * = Significant (p, <0.05) difference
! ** = Signiticant (p, <0.05) difference
All units are mg 1. except as noted
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Cation/Anion Balances - Overall, cation/anion
meq/L balances of the San Bernardino Valley basin
samples were significantly correlated (regression
analysis, p < 0.01). Of the 14 samples collected, all
were within +/- 5 percent.

SC/TDS - The SC and TDS concentrations measured
by contract laboratories were significantly correlated
as were SC-field and TDS concentrations (regression
analysis, r = 0.99, p <0.01). The TDS concentration
in mg/L should be from 0.55 to 0.75 times the SC in
pS/ecm for groundwater up to several thousand TDS
mg/L.'""  Groundwater high in bicarbonate and
chloride will have a multiplication factor near the
lower end of this range; groundwater high in sulfate
may reach or even exceed the higher factor. The
relationship of TDS to SC becomes undefined for
groundwater with very high or low concentrations of
dissolved solids."

Hardness - Concentrations of laboratory-measured
and calculated values of hardness were significantly
correlated (regression analysis, r = 0.99, p < 0.01).
Hardness concentrations were calculated using the
following formula: [(Calcium x 2.497) +
(Magnesium x 4.118)]. "

pH - The pH wvalue is closely related to the
environment of the water and is likely to be altered
by sampling and storage.'* However, the pH values
measured in the field using a YSI meter at the time of
sampling were still significantly correlated with
laboratory pH values (regression analysis, r = 0.94,
p =0.01).

Temperature /  Well Depth — Groundwater
temperature measured in the field was compared to
well depth. Groundwater temperature should increase
with depth, approximately 3 degrees Celsius with

2000 . . .

1500

1000
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Specific Conductivity - field (uS/cm)

0 | | |
0 500 1000 1500 2000
Specific Conductivity - lab (uS/cm)

every 100 meters or 328 feet. '* Groundwater depth
was not compared because of the few wells with
water level measurements. Well depth was not
significantly correlated with temperature (regression
analysis, r=0.26, p <0.05).

Statistical Considerations

Various methods were used to complete the statistical
analyses for the groundwater quality data of the
study. All statistical tests were conducted on a
personal computer using SYSTAT software.” Data
associated with 21 constituents were tested for non-
transformed normality using the Kolmogorov-
Smirnov one-sample test with the Lilliefors option.°®
Results of this test revealed that none of the 21
constituents examined were normally distributed.

Spatial Relationships: The non-parametric Kruskal-
Wallis test using untransformed data was applied to
investigate  the  hypothesis  that  constituent
concentrations from groundwater sites having
different recharge sources were the same. The
Kruskal-Wallis test uses the differences, but also
incorporates information about the magnitude of each
difference.* The null hypothesis of identical mean
values for all data sets within each test was rejected if
the probability of obtaining identical means by
chance was less than or equal to 0.05.

If the null hypothesis was rejected for any of the tests
conducted, the Tukey method of multiple
comparisons on the ranks of data was applied. The
Tukey test identified significant differences between
constituent concentrations when compared to each
possibility with each of the tests. *' Both the Kruskal-
Wallis and Tukey tests are not valid for data sets with
greater than 50 percent of the constituent
concentrations below the MRL.™

Diagram 2. The graph illustrates
a strong positive correlation
between two constituents; as
specific conductivity concentrations
collected in the field increase so do
specific conductivity concentrations
measured in the laboratory. The
regression  equation  for  this
relationship is y = 1.1x -49, n =14, r =
0.99 (regression, p s 0.01).
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GROUNDWATER SAMPLING RESULTS
Water Quality Standards/Guidelines

The ADEQ ambient groundwater program
characterizes regional groundwater quality. An
important determination ADEQ makes concerning
the collected samples is how the analytical results
compare to various drinking water quality standards,
ADEQ used three seis of drinking water standards
ihat reflect the best current scientific and technical
judgment available to evaluate the suitability of
groundwater in the basin for drinking water use:

e Tederal Safe Drinking Water (SDW)
Primary Maximum Contaminant Levels
(MCLs). These enforceable health-based
standards  establish the  maximum
concentration of a constituent allowed in
water supplied by public systems,”

e State of Arizona Aquifer Water Qualify
Standards. These apply to aquifers that are
classified for drinking water protected use.
All aquifers within Arizona are currently
classified and protected for drinking water
use. These enforceable State standards are
identical to the federal Primary MCLs. *

e  Federal SDW Secondary MCLs. These non-
enforceable  aesthetics-based  guidelines
define the maximum concentration of a
constituent that can be present without
imparting unpleasant taste, color, odor, or
other aesthetic effects on the water.™

Health-based drinking water quality standards (such
as Primary MCLs) are based on the lifetime
consumption (70 years) of two liters of water per day
and, as such. are chronic not acute standards,~

Inorganic Constituent Results - Of the 14 sites
sampled for the full suite of inorganic constituents in
the San Bernardino Valley study. 7 (50 percent) met
all SDW Primary and Secondary MCLs.

Healih-based Primary MCL water quality standards
and State aquifer water quality standards for
inorganic constituents were not exceeded at any of
the 14 sites.

Aesthetics-based Secondary MCL  water quality
guidelines were exceeded at 7 of 14 sites (29 percent;
Map 3: Table 4). Constituents above Secondary
MCLs include fluoride (2 sites), iron (2 sites), pH
(3 sites), and 'TDS (4 sites). Potential impacts of these
Secondary MCL exceedances are provided in
Table 4.7

Radon Results - Of the 13 sites sampled for radon
none exceeded the proposed 4,000 picocuries per liter
(pCi’L) standard that would apply if Arizona
establishes an enhanced multimedia program to
address the health risks from radon in indoor air, Six
(6) sites exceeded the proposed 300 pCi'L standard
that would apply if Arizona doesn’t develop a
multimedia program, <

Suitability for Trrigation

The groundwater at each sample site was assessed as
to ifs suitability for irrigation use based on salinity
and sodium hazards. Excessive levels of sodium are
known to canse physical deterioration of the soil and
vegetation, ** Irrigation water may be classified using
specific  conductivity (SC) and the Sodium
Adsorption Ratio (SAR) in conjunction with one
another, ™!

Groundwater sites in the San Bernardino Valley basin
display a narrow range of irrigation water
classifications, The 14 sample sites are divided into
the following salinity hazards: low or C1 (0). medium
or C2 (8). high or C3 (6), and very high or C4 (0).
The 14 sample sites are divided into the following
sodium or alkali hazards: low or S1 (13), medium or
82 (1), high or 83 (0), and very high ot 54 (0).

Analytical Results

Analytical inorganic and radiochemisiry results of the
San Bernardino Valley basin sample sites are
summarized (Table 5) using the following indices:
minimum reporting levels (VMRLs). number of sample
sites over the MRL. upper and lower 935 percent
confidence intervals (Clsse;), median, and mean.
Confidence intervals are a statistical tool which
indicates that 95 percent of a constituent’s population
lies within the stated confidence interval.™ Specific
constituent information for each groundwater site is
found in Appendix B.
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Map 3 - Water Quality Standards

CHIRICAHUA
MOUNTAINS

Water Quality
i®]  zacandary MCL Excosdad
1B o Watar Gualty Stenoards Lécgedsa
W AZities/Toving

T Parannial Strasm

= Ephemaral Wafarcanurdss

N W Hihvays

This map is for gensral 1eference anly and may not be allinclusive,
ADEC program’s data collaction effaits ars ongolng. Mare detailed

information and spacific | can be ol by Ii]
the Arizona Departmant of Environmental Ouality.

Becausa of the indsterminatz lacation of the basin's
narthern boundary, the well sampled at Sita #7 is
considerad within the San Bemardino Vallsy Basin.”

NEW MEXICO

=
-
el
H

Kilas

19






Table 4. San Bernardino Valley Basin Sites Exceeding Aesthetics-Based (Secondary MCL) Water
Quality Standards

Number of Sites

. Secondary X Maximum Aesthetic Effects of MCL
Constituents Exceeding ‘
MCL Secondary MCLs Exceedance Exceedances
Physical Parameters
low pH: bitter metallic

<6.3 ‘ 6.41: taste; corrosion

pH - field >8.5 3 8.79 high pH: slippery feel; soda
taste; deposits
General Mineral Characteristics
DS 500 4 1,100 hgrdness; (.ie‘posns; co[orgd
water; staining; salty taste
Major Ions
Chloride (CI) 250 0 - -
Sulfate (SO 250 0 - -
Trace Elements
Fluoride (F) 2.0 2 3.05 tooth discoloration
rusty color; sediment;
[ron (Fe) 0.3 2 0.76 metallic taste; reddish or
orange staining

Manganese (Mn) 0.05 0 -
Silver (Ag) 0.1 0 - -
Zinc (Zn) 5.0 0 - -

All units mg/L except pH is in standard units (su)

. Source:
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Table 5. Summary Statistics for San Bernardino Valley Basin Groundwater Quality Data

F

Physical Parameters

Temperature (C} 0.1 14/ 14 22.0 21.0 23.8 26.6
pH-field (su) 0.01 14/ 14 7.93 7.51 7.90 8.30
pH-lab (su) 0.01 4714 7.85 7.58 7.80 8.02
Turbidity (ntu) 0.01 14714 0.52 -1.59 4.46 10,50
General Mineral Characteristics

T. Alkalinity 2.0 14/ 14 199 160 302 445
Phenol. Alk. 2.0 14/0 > 50% of data below MRL

SC-field (uS/cm) N/A 14714 457 430 704 959
SC-lab {uS/cm) N/A 14714 455 452 737 1021
Hardness-lab 10.0 14/14 145 112 211 31
TDS 10.0 14714 290 270 445 620

Major Tons

Calcium 5.0 14714 42 26 54 82
Magnesium 1.0 14714 13 12 19. 26
Sodium 5.0 14/ 14 56 42 80 119
Potassium 0.5 14/14 135 52 8.0 13.4
Bicarbonate 2.0 14/ 14 242 194 365 535
Carbonate 2.0 14/0 > 50% of data below MRL

Chloride 1.0 14/14 7.6 3.5 17 31
Sulfate 10.0 14714 20 13 57 100

Nutrients

Nitrate (as N) 0.02 12/12 0.8 0.6 1.4 2.3
Nilrite {as N) 0.02 12/0 > 50% of data below MRL

TKN 0.05 12/6 > 50% of data below MRL

T. Phosphorus 0,02 12/3 > 50% of data below MRL
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Table 5. Summary Statistics for San Bernardino Valley Basin Groundwater Quality Data—

Continued
Minimum W ol Samples / Lower 95% Upper 95%
Constituent Reporting Samples Median Confidence Mean Confidence
Limit (MRL) Over MRL Interval Interval |
Trace Elements

Antimony 0003 4.0 > 50°%0 of data below MRL

Arsenic 0.01 4.0 > 5% of data below MRL

Barium 01 44 > 50%9 of data below MRL

Bervilium 0,000 42 > 302, of data below MRL

Boron 0.1 4.3 > 50% of dafa below MRL.

Cadimium 0.001 4.0 | > 50% of data below MRL

Chromium 0.01 141 = 50% of data below MRL

Copper 3.01 1473 = 50% of daia below MRL.

Fluotide 020 i+ 14 049 0.33 0.86 1.3%
Tron 0.1 143 > 5P of data below MRL

Lead 0.003 140 = A0%% of data below MRIL.

Manganese 0.05 4.0 > 30% of data below MRL

Mercury 0.0605 140 > 50%5 of data below MRL

Nickel 0.1 40 > 50% of dafa below MRI:

Selenium 0.003 4.0 »350% of data below MRL

Stlver 0.001 4.0 - > 30% of data below MRL-

Thaltium 0.002 1470 > 80%5 of data below MRI.

Zinc 0.05 1410 0.09 011 0,40 0,92

Radiochemical
Radon * Varies 1313 298 150 291 132
Isotopes

Oxygen-18 ** Varies 14 14 -38 -9.5 -85 -82
Deuterium ** Varies 14714 -63.5 -69.7 -632 ~60.8

All units mg L ex

cept where noted or * = pCi L, ¥* = (.00

u
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GROUNDWATER COMPOSITION
General Summary

Groundwater in the San Bernardino Valley basin was
predominantly of calcium, mixed or sodium-
bicarbonate chemistry (Map 4) (Diagram 3). The
water chemistry at the 14 sample sites, in decreasing
frequency, includes mixed-bicarbonate (six sites),
calcium-bicarbonate (four sites), sodium-bicarbonate
(three sites) and sodium-mixed (one site) (Diagram 3
—middle diagram).

Of the 14 sample sites, the dominant cation was
calcium at five sites and sodium at three sites; at six
sites the composition was mixed as there was no
dominant cation (Diagram 3 — left diagram).

The dominant anion was bicarbonate at 13 sites; at
one site the composition was mixed as there was no
dominant anion (Diagram 3 — right diagram).

San Bernardino Valley Basin Piper Plot

Legend

! Chiricahua

@ Chiricahua / Local Mix

¢ Paleowater / Chiricahua Mix

A Paleowater

Ca Na+K

+— Calcium

HCO3

Cliloride = Cl

Diagram 3 — The Piper trilinear diagram shows the water chemistry of wells sampled for the
study. The numbers correspond to those provided on Map #2 and in the appendices. Samples in
the basin are predominantly of mixed-calcium-sodium-bicarbonate chemistry with the
exception of SRB-3, which has a sodium-mixed chemistry. Samples sites are designated by
recharge source which will be discussed in the isotope comparison section.






Map 4 - Water Chemistry
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Levels of pH-field were slightly alkaline (above 7 su)
at 12 sites and slightly acidic (below 7 su) at 2 sites."”
Of the 12 sites above 7 su, 6 sites had pH-field levels
over 8 su.

TDS concentrations were considered fresh (below
1,000 mg/L) at 13 sites and slightly saline (1,000 to
3,000 mg/L) at 1 site (Map 5)."

Hardness concentrations were soft (below 75 mg/L)
at 2 sites, moderately hard (75 — 150 mg/L) at 6 sites,
hard (150 — 300 mg/L) at 3 sites, and very hard
(above 300 mg/L) at 3 sites (Map 6).}

Nitrate (as nitrogen) concentrations at most sites may
have been influenced by human activities. Nitrate
concentrations were divided into natural background
(1 site at <0.2 mg/L), may or may not indicate human
influence (10 sites at 0.2 — 3.0 mg/L), may result

from human activities (3 sites at 3.0 — 10 mg/L), and
probably result from human activities (0 sites
>10mg/L). '

Most trace elements such as antimony, arsenic,
barium, beryllium, boron, cadmium, chromium,
copper, iron, lead, manganese, mercury, nickel,
selenium, silver, and thallium were rarely—if ever—
detected. Only fluoride and zinc were detected at
more than 20 percent of the sites.

Constituent Co-Variation - TDS concentrations are
best predicted among major ions by calcium
(Diagram 4) or sodium concentrations (standard
coefficient = 0.40), among cations by sodium
concentrations (standard coefficient = 0.62) and
among anions, bicarbonate (standard coefficient =
0.81) (multiple regression analysis, p <0.01).

1200 I

1000 -

800 [

600 - °

TDS (mg/L)

400 |-

200 fou 2]

7 by calcium concentrations

Bernardino

. 52x=167,r=0.83, n =14.

Diagram 4 - Although TDS
concentrations are best predicted

samples collected in the San
Valley basin, the
o) relationship is comparatively weak
as illustrated in this diagram. The
regression for this relationship is y =

0 | |
0 50 100

Calcium (mg/L)

150

200
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Map 5 - Total Dissolved Solids (TDS)
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Map 6 - Hardness

CHIRICAHUA
MOUNTAINS

NEW MEXICO

Hardness B AZ CilissiTowns
@ <75 mgiL “Ga= Perennial Sirsam

76- 150 mgL ="~ Ephemeral Walarcourses N

N Major Highways
® 151-200mg1

@ -wimge

This map is for general reference only and may not be all inclusive.
ADEQ program's data collection efforts are ongoing. Mare detailad
information and specific lacations can ba obtainad by contacting
the Arizona Department of Enviranmental Quality.

I
i

27






[sotope Comparison

The data for the San Bernardino Valley basin roughly
conforms to what would be expected in an arid
environment, having a slope of 6.8, with the LMWL
described by the linear equation:

§ D=688"0-5.0

The LMWL for the San Bernardino Valley basin
(6.8) is higher than many other basins in Arizona
including Dripping Springs Wash (4.4), Detrital
Valley (5.2), Agua Fria (5.3), Sacramento Valley
(5.5), Big Sandy (6.1), Pinal Active Management
Area (6.4), Gila Valley (6.4), San Simon (65),
McMullen Valley (7.4) and Lake Mohave (7.8). 2e

The four most depleted isotope samples consisted of
three sites were located in the southeast portion of the
basin (SBV-1, $SBV-2 and SBV-3) and the most
depleted site (SBV-9) was located near the north
center of the basin (Map 2 and Diagram 5). The light
signatures of these samples were more depleted than
would be expected from either valley or low
elevation mountain recharge within the basin. Three
samples were even lighter than spring samples
collected at high elevations in Chmcahua Mountains
for the San Simon sub-basin study. ~

The extreme depletion suggests that these samples
may consist of paleowater that was recharged during
cooler climatic conditions roughly 8,000 - 12,000
years ago. '* " Sample, SBV-3, is likely producing a
combination of paleowater combined with more
recent recharge occurring in the Chiricahua
Mountains.

The remaining 10 samples collected in the San
Bernardino Valley basin are more enriched and plot
slightly heavier than hlgh elevation springs in the
Chiricahua Mountains. '* ** The values suggest that
much of the groundwater from these wells originated
outside the basin in the Chiricahua Mountains.

Within the 10 samples that were more enriched, there
appear to be two sub-groups. Four samples (SBV-4,
SBV-7, SBV-11 and SBV-14) are less enriched than
the other six samples. This suggests that waters
sampled from these wells consist of recharge almost
entirely from the Chiricahua Mountains. All four
samples were collected from wells at least 475 feet in
depth. The six most enriched samples, which were all
collected from wells less than 312 feet in depth (most
much shallower), may have various amounts of low-
elevation precipitation within the basin contributing
to their recharge. Local sources of low elevation

precipitation include mountain front recharge from
the Peloncillo/Guadalupe Mountains to the east and
the Pedregoasa Mountains to the northwest as well as
water percolatmg beneath ephemeral stream channels
of the basin’s major drainages. ' W

Oxygen and Hydrogen Isotopes

Groundwater characterizations using oxygen and
hydrogen isotope data may be made with respect to
the climate and/or elevation where the water
originated, residence within the aquifer, and whether
or not the water was exposecl to extensive
evaporation prior to collection.” This is accomphshed
by comparing oxygen-18 isotopes (8 '*0) and
deuterium (8 D), an isotope of hydrogen, data to the
Global Meteoric Water Line (GMWL). The GMWL
is described by the linear equation:

5D=88 "0+10

where & D is deuterium in parts per thousand (per
mil, %o0), 8 is the slope of the line, & '°0 is oxygen-
18 %a0, and 10 is the y-intercept.7 The GMWL is the
standard by which water samples are compared and is
a universal reference standard based on worldwide
precipitation without the effects of evaporation.

[sotopic data from a region may be plotted to create a
Local Meteoric Water Line (LMWL) which is
affected by varying climatic and geographic factors.
When the LMWL is compared to the GMWL,
inferences may be made about the origin or history of
the local water.” The LMWL created by & '*O and
8 D values for samples collected at sites in the San
Bernardino Valley basin plot to the right of the
GMWL.

Meteoric waters exposed to evaporation are enriched
and characteristically plot increasingly below and to
the right of the GMWL. Evaporation tends to
preferentially contain a higher percentage of lighter
isotopes in the vapor phase and causes the water that
remains behind to be isotopically heavier. In contrast,
meteoric waters that experience little evaporation are
depleted and tend to plot increasing to the left of the
GMWL and are isotopically heavier. ’

Groundwater from arid environments is typically
subject to evaporation, which enriches & D and
& '®0, resulting in a lower slope value (usually
between 3 and 6) as compared to the slope of 8
associated with the GMWL.”
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'E Isotope Diagram Legend
# = Predominantly Paleowater recharge sample site
x = Mixed Paleowater/Chiricahua recharge sample site
+ = Predominantly Chiricahua recharge sample site
* = Mixed Chiricahua/Valley recharge sample site
A = San Simon sub-basin sample from the Chiricahua Mountains
- - - = Global Meteoric Water Line
____ = Local Meteoric Water Line for the SBV basin samples only

Diagram 5 — Water samples from wells in the San Bernardino Valley basin are plotted according to
their oxygen and hydrogen isotope values. The lowest points along the Local Meteoric Water Line
(LMWL) have the lightest signatures and have undergone the least evaporation prior to sampling.
These samples are more depleted than would be possible from high elevation precipitation in the
Chiricahua Mountains making it likely they consist of paleowater recharged long ago during cooler
climatic conditions. The remaining samples appear to consist of recharge from the Chiricahua
Mountains. The highest points along the LMWL have the heavest signatures and have undergone the
most evaporation prior to sampling. These enriched samples likely consist of varying amounts of local,
valley recharge suplimenting the recharge from the Chiricahua Mountains.






Map 7 - Recharge Sources
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Groundwater Quality Variation

Among Recharge Sources — Twenty-one (21)
groundwater quality constituent concentrations were
compared between samples collected from four wells
pumping ancient paleowater, four wells pumping
water recharged from the Chiricahua Mountains, and
six wells pumping water recharged from the
Chiricahua Mountains along with varying amounts of
recharge from lower elevation mountains and valley
areas in the San Bernardino Valley basin.

Most constituents followed a general pattern in which
concentrations in the paleowater samples were

greater than the Chiricahua-Valley recharge which
was greater than the Chiricahua recharge. However,
only TDS (Diagram 6), SC-field, SC-lab, sodium,
fluoride (Diagram 7), oxygen (Diagram 8), hydrogen
and well depth (Diagram 9) had significant
differences among the recharge groups (Kruskal-
Wallis with Tukey test, p <0.05).

Complete results are found in Table 5. Summary
statistics in the form of 95% confidence intervals are
provided for those constituents with significant
concentration differences between recharge sources
in Table 6.

Diagram 6. TDS concentrations of samples
collected from wells pumping recharge from the
Chiricahua Mountains were significantly lower
than samples from wells pumping ancient
paleowater. Wells pumping water thought to be a
combination of recharge from the Chiricahua
Mountains and local Valley recharge had TDS
concentrations that were not significantly different
from the other two groups (Kruskal-Wallis with
Tukey test, p < 0.05). TDS is often elevated in
groundwater having a long aquifer residence time.
* The sites having the highest TDS concentrations
in the ADEQ study corresponded to those in a
previous study and were located in the southern
portion of the basin near outcrops of Paleozoic
sedimentary rocks, predominantly limestone. *
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Diagram 7. Fluoride concentrations of samples
collected from wells pumping a combination of
recharge from the Chiricahua Mountains and
local Valley recharge were significantly lower
than samples from wells pumping ancient
paleowater. Wells pumping recharge from the
Chiricahua Mountains had fluoride
concentrations that were not significantly
different from the other two groups (Kruskal-
Wallis with Tukey test, p s 0.05). Fluoride is
often elevated in groundwater having a long
aquifer residence time. *° The ADEQ study had
remarkably similar results to previous research
conducted in 1991 that found fluoride
concentrations ranged from 0.1 to 3.0 mg/L.”
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Diagram 8. Oxygen-18 isotope values of
samples collected from the three recharge
groups of wells were all significantly
different from each other (Kruskal-Wallis
with Tukey test, p < 0.05). Many well
samples have isotope wvalues that
correspond to samples collected in the
Chiricahua Mountains. ' * Samples labeled
as “Valley” are isotopically heavy compared
to other wells which suggest that they
contain a combination of Chiricahua
recharge and low-elevation recharge
originating in the basin. *° Samples labeled
as “Paleo” are distinctly depleted compared
to other wells and are lighter than even
Chiricahua recharge. The  extreme
depletion, along with often deep well
depths, suggests this is ancient paleowater
recharged long ago during cooler climate
conditions in the basin. "

Diagram 9. Well depths of the
three recharge groups were all
significantly different from each
other (Hruskal-Wallis with Tukey
test, p < 0.05). “Valley” wells are
the shallowest which makes it more
likely that they are receiving local,
low-elevation recharge from within
the San Bernardino Valley basin. *©
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Table 5, Variation in Groundwater Quality Constituent Concentrations Among Recharge Sources Using
Kruskal-Wallis with Tukey Test

Constituent * - Significnee | Significant Differences Among Recharge Sources .
Well Depth * Paleo > Chiricahua & Valley
Temperature - field ns -

pH - field ns -

pH —lab ns -

SC - field * Paleo > Chiricahua
SC-lab * Paleo > Chiricahua
TDS * Paleo > Chiricahua
Turbidity i ns . -

Hardness ns -

Calcium o ns -

Magnesium ns | -

Sodium | . * Paleo > Chirica.ﬁua & Valley
Potassium ns -

Bicarbonate ns -

bhloridc ns -

Sulfate : ns -

Nitrate (as N) ns -

Fluoride * Paleo > Valley
Oxygen ns Paleo > Chiricahua > Valley
Deguterium ns Paleo > Chiricahua > Valley
Radon ns -

ns = not significant
*  =gignificant at p < 0.05 or 95% confidence level
**  =gignificant at p<0.01 or 99% confidence level






Table 6. Summary Statistics (95% Confidence Intervals) for Groundwater Quality Constituents
With Significant Concentration Differences Among Recharge Sources

Significant

Constituent Differences Palcowater Chiricahua Valley
Well Depth ns 186 to 1026 42010 721 1 to 288
Temperature - field ns - - .

pH — field * - - -

pH —lab ns - - -

SC - field ns 320 to 2009 294 to 427 360 to 893
SC-lab ns 292 to 2233 264 10 470 370 to 895
DS ns 168 to 1342 163 10 260 207 to 381
Turbidity ns - - .
Hardness ns - - -
Calcium ns - - -
Magnesium ns - - -
Sodium ns 60 to 260 8 to 67 10 to 102
Potassium * - -
Bicarbonate * - - -
Chloride ns - - .
Sulfate ns - . - ‘ -
Nitrate (as N) ns - - -
Fluoride *¥ -0.6t0 4.0 - 03100.5
Oxygen ns Al4t0-92 0 91t0-87 8410-7.5
Deuterium ns -82.3 10 -69.2 -66.3 t0 -62.3 -61.0 fo -56.7
Radon ns - -

All units in milligrams per liter {mg. L) unless otherwise noted
ns = not significant

* = significant at p <0.03 or 93% confidence level

** = gignificant at p < 0.01 or 99%e confidence level






SUMMARY AND CONCLUSIONS

The San Bernardino Valley groundwater basin is a
sparsely populated, remote area in the extreme
southeastern comer of Arizona. Limited groundwater
development has occurred in the basin for domestic
and stock use. Based on the results of blanks,
duplicates and the split sample collected for this
study, the groundwater data collected for this study
was generally acceptable. However, there were two
exceptions where sampling results appear to be in
error involving nitrite and radon.

Water Quality Standards - Interpretation of the
analytical resulis from 14 samples collected by
ADEQ indicates thai groundwater in the basin meets
drinking water standards and is suitable for domestic,
stock, municipal, and irrigation purposes. Each
sample met all health based water quality standards.
This result corresponds to earlier studies that also
showed no health based water qualify standard
exceedances in samples collected from 18 wells and
two springs between 1956 and 1987, ' Seven of the
14 sites had constituents that exceeded aesthetic
based water quality standards, TDS was elevated at
four sites, pH at three sites, and fluoride and iron
were elevated in two sites apiece.

Groundwater Characieristics - Groundwater is
slightly-alkaline, fresh, and hard to very hard, based
upen pH levels and concentrations of TDS and
hardness.® '* These report findings correspond to
previous data collected in the San Bernatdine Valley
basin did not reveal any samples exceeding TDS
concentrations of 1,000 mg/L. "’

Most sampled sites consisted of water with
calcium/mixed/sodium-bicarbonate chemistry. While
bicarbonate is the dominani anion, the dominant
cation appears to shift from calcium to a mixed
composition and even to sedium as groundwater
flows from the basin’s peripheries to its center and
south toward the international border. The
heterogeneity of the aquifer however, makes this
transition an irregular pattern. The water chemistry
progression from calcivn-dominated waters that are
common in recharge areas towards sodium-
dominated waters suggests that cation exchange is an
important process in the southern portion of the
basin. '” One sample, SBV-5, has a relatively high
magnesium concentration which likely indicates the
groundwater is interacting with basalt. 17

Irrigation water quality is good in the basin with low
alkali hazard and medium salinity hazard, a finding
reported in earlier studies. '’

Isotope Analysis - Isolope values of samples
collected in the basin are much lighter and depleted
than would be expected from recharge originating in
the basin’s low elevations, ° Most sample sites
appear to consist of recharge originating at high
elevations in the Chiricahua Mountains."’ Previous
studies estimate the basin receives at least 70 percent
of its water from the Chiricahua Mountains located fo
the north that enters the San Bernardinoe Valley basin
through preferential flowpaths such as faults."” These
findings indicate that the northern boundary of the
basin is likely more of a surface water divide than a
groundwater demarcation as water recharged in
Chiricahua Mountains serves as the source of much
of the groundwater in the San Bernardino Valley .

Samples from some shallow wells in the basin have
the most enriched isotope values that likely indicate a
limited amount of recharge occurs locally from low
elevation mountains or from alluvial channels in the
San Bemardino Valley."” Previous studies have
estimated 20 percent of the basin’s recharge is
provided by the Peloncillos Mountains and 10
percent from the Perilla and Pedregosa ranges. o

Samples from some deep wells have isotope values
so depleted that they are unlikely to consist of
recharge from even the Chiricahua Mountains. These
wells produce paleowater that was likely
predominantly recharged during the Pleistocene
around 8,000 — 12,000 years ago when the basin was
cooler and subject to much less evaporation,'™?’

Groundwater Patterns - Wells pumping paleowater
and Chiricahua Mountain recharge were significantly
deeper than wells pumping water that included low
elevation recharge mixed with that from the
Chiricahua Mountains (Kruskal-Wallis with Tukey
test, p < 0.05). TDS, SC, and sodium concentrations
were significantly higher in paleowater than
Chiricahua Mouniain recharge. Similarly sodium and
fluoride  concentrations in  paleowater were
significantly higher than in recharge that included
local Valley precipitation (Kruskal-Wallis with
Tukey test, p < 0.05). These constituents are often
elevated in groundwater having a long aquifer
residence time. 2

Other spatial comparisons were conducted using a
simplified geologic system. Samples collected from
wells located in alluvial, basalt, and consolidated
rocks were compared for significant differences,
However, pethaps because of the basin’s lithologic
heterogeneity, few constituent concentration patterns
were found.
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81, 2 sheets, scale 1:125,000.

¥ Uhlman, Kristine, 2010, Personal communication from
Univ. Arizona Water Resources Research Center staff.
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Appendix B, Groundwater Quality Data, San Bernardino Valley, 2002

Site # MCL Temp pH-field pHlab  SC-field SCiab TDS  Hard  Hard-cal  Turb |
Exceedances ("C) {su) (SU) (nS/cm) (uS/cm) {mg/) (mg) (mg/t) (ntu)
SBY-1/TDAD TDS, plLL E, Fa 26.8 641 e 1651 1860 1100 60 375 3,55
SBV-27282D E, Fe 29.6 6.57 105 1376 1530 910 s1s 3 155
SBV-33D DS 20.5 7.64 or 1216 1300 770 100 150 0,52
SBV-4 369 7.54 ns 899 440 250 100 0o 0.04
SBV-5 23.8 8.01 .z 386 430 200 140 14 f4
SBV-6 20.6 7.88 i) 72 570 360 270 a7 52
SBV-7TD 22.5 7.86 s 32 300 193 115 120 0145
SBV-8/38 NS 20.5 7.83 8402 953 975 635 390 390 005
SBY-9 pH PRy 8,79 54 413 400 240 3e 38 0.8
SBY-1C 220 .44 Y 433 430 260 [0 150 n17
SBY-11 pH 212 8.54 5.2 335 327 L8 73 76 38
SBY-12 DS 203 7.91 o EEL) 920 590 190 150 .08
SBV-13 19.5 835 8.0 480 AT 3260 150 150 034
SBY-14 273 549 &.1 392 400 220 100 (13 1.3

ifedics = constifuent exceeded holding time
bold = constituent exceeded a Primary or Secondary MCT,






Appendix B, Groundwater Quality Data, San Bernardino Valley, 2002--Continued

SBV.1/1D/1D 160 43,5 180 34 955 1163 ND 19.5 60
SBV-2/28/2D 137 41 150 23 770 900 ND 16.5 55
SBV-3/3D 25 8.95 230 6.6 160 200 ND 97 240
SBY-4 17 13 39 2.4 206 250 ND 5.8 12
SBYV-5 17 24 31 9.4 190 230 ND 7.4 ND
SBV-6 68 24 3i 1.4 290 350 ND 14 35
SBV-7/7D 3835 59 13.3 33 131 160.5 ND 6..55 5.05
SBV-8/88 110 29.5 62 27 324 388 ND 16.5 190
SBV-9 5.6 5.8 80 50 162 234 ND 4.0 10
SBV-10 30 13 19 2.8 170 210 ND 7.8 21
SBV-11 14 10 38 7.0 150 180 ND 6.1 52
SBV-12 53 13 140 2.5 290 350 ND 29 130
SBY-13 45 10 52 1.2 220 270 ND 7.3 18
SBY-14 14 18 40 8.8 180 220 ND 5.0 9.0
39






Appendix B. Groundwater Quality Data, San Bernardino Valley, 2002--Continued

Nitrate-Nitrite-N Nitrate-N Nitrite-N TKN Ammonis-N T. Phosphoras SAR Irrigation

Site # (mg/) (mg/) mgh  (mgh)  (mgl) (mgl) (alee)  Quality
SBYV-1 1D/ (D 0.054 0.054 D ND ND \D 33 3-8
$BYV-2.282D 0,17 0.17 AD 0.080 ND ND 3.1 C3-81
SBV-3.3D See nofes 3 See nofes 0.36 0,49 ND 9.9 C3-82
SBV-4 0.66 0.66 ND 0.059 ND ND 2.6 C3-§1
SBV-3 1.3 Ly ND 0.14 ND ND 1.1 C2-8I
SBV-6 0.25 0.25 ND 0.14 XD 0,029 0.8 2 sl
SBV-7.7D 0.573 0,573 ND 0105 . ND 0.5 Cc2-81
SBV-88S 2.0 2.0 AD 013 - ND 1.3 C3-8§1
SBV-9 026 026 ND AD - 0.030 5.7 C2-8I
SBV-L0 3.0 3.1 ND 0083 - ND 0.6 ¢ -8l
SBYV-11 107 0.83 0.24 0.079 - .o 026 1.9 C2-8t
$BYV-12 52 2.2 ND 043 - ND 4.5 3-8l
SBV-13 0.94 0.94 ND 0,088 - 0.033 1.8 C2-§l
SBY-14 074 0.74 ND ND - ND 1.7 c2-8l

faafios ++ onstituent exveaded holding time

The nitrite concentraiion ot 10,0 mg/L provided by the laboratory for §BV-3/73D was not used becaose it was a tremendous outlier that could net be confinned. See
QAN notes for more information,
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Appendix B. Groundwater Quality Data, San Bernardino Valley, 2002--Continued

SBY-1/1D/1D ND ND 0.13 0.0017 0.16 ND ND 0,013 3.05
SBV-2/282D ND ND 0.14 0.00088 0.145 ND ND ND 2.85
SBVl-3/3D ND ND ND ND ) ND 0.011 ND 0.38
SBY-4 ND ND ND ND ND ND ND ND 042
SBY-5 ND ND ND ND ND ND ND ND 0.34
SBV-6 ND ND 0.21 ND ND ND ND 0.048 0.31
SBY-7/7D ND ND ND ND ND ND ND ND 1.25
SBV-8/85 ND ND 0.12 ND ND ND ND ND 0.35
SBV-9 ND ND ND ND ND ND ND ND 0.59
SBV-1¢ ND ND ND KD ND ND ND 0.010 0.24
SBY-11 ND ND ND ND ND ND ND ND 0.72
SBV-12 ND ND ND ND ND ND ND ND 0.45
SBV-13 ND ND ND ND ND ND ND ND 0.52
SBV-14 ND ND ND ND ND ND ND ND 0.62

bold = constituent exceeded a Primary or Secondary MCL

41






Appendix B. Groundwater Quality Data, San Bernardino Valley, 2002--Continued

Site # Iron Lead Mangaaese Mercury Nickel Selenium Silver Thallium Zine '
{mg/1) {mg/) (mg/) (mg/) (mg/) (mg/l) (mgh) (mg/) (mg/)
SB\'— 1DAID 0.32 ND ND ND ND ND ND ND 34
SBV-2:282D 0.76 ND ND ND ND ND ND ~ND 0.34
§BV-33D ND ND ND ND ND ND ND ND (.88
SBV-4 ND ND ND ND ND ND ND ND ND
SBV-3 ND ND ~ND ND ND ND ND ND ND
SBY-6 ND ND ND D ND ND ND ND 0.35
SBV-7:7D ND ND D ND ND aD ND ND Q.15
SBV-8/%8 ND ND ND ND ND ND ND ND ND
SBV-9 017 ND ND ND ND ~ND ND XD 0.080
5BV-10 ND ND ND ND ND ND ND ND 0,10
SBV-11 ND ND ND ND ND ND ND ND 0.078
SBV-12 ND ND ND ND ND ND ~ND ND ND
SBV-13 ~ND ND ND ND ND ~ND ND ND 0.064
SBV-14 ~ND ND ND ND ND ND ND ND 0,098

bold = constituent exceeded a Primary or Secondary MCL






Appendix B. Groundwater Quality Data, San Bernardino Valley, 2002--Continued

SBV-1/1D/1D 334 -10.4 -76 mixed-bicarbonate
SBV-2/28/2D ND -10.3 75 mixed-bicarbonate
SBV-3/3D ND -9.4 71 sodivm-mixed
SBV-4 414 -8.9 -66 sodium-bicarbonate
SBV-3 633 -8.0 -59 mixed-bicarbonate
SBV-6 321 -8.5 -61 calcium-bicarbonate
SBV-7/7D 764 -5.0 -64 calcium-bicarbonate
SBV-8/88 131 -7.3 -56 calcium-bicarbonate
SBV-9 298 -11.1 -81 sodium-bicarbonate
SBV-10 66 -8.1 61 calcium-bicarbonate
SBV-11 50 -8.7 -63 mixed-bicarbonate
SBV-12 452 -8.0 -57 sodium-bicarbonate
SBY-13 251 -7.6 -59 mixed-bicarbonate
SBV-14 - -8.9 -64 mixed-bicarbonate

bold = constituent exceeded a Primary or Secondary MCL
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-CONVERSION FAGCTORS AND VERTICAL DATUM

For readers who prefer to use International System (SI) units,
the conversion factors for terms in this report are listed below:

Multiply inch-pound unit By To obtain SI unit
inch (in.) 25.40 millimeter (mm)
foot (ft) 0.3048 meter (m)
: mile (mi) 1.609 kilometer (km)
; acre 0.4047 hectare
i square mile (mi?) 2.590 square kilometer (km?)
Rk acre-foot (acre-ft) 0.001233 cubic hectometer (hm3)
x cubic foot per second 0.02832 cubic meter per second
: - (££83/8) (m3/s)
el gallon per minute (gal/min) 0.06309 liter per second (L/s)
ﬁ} foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)
sl
-
ol

' Sea level: In this report "sea level™ refers to the National Geodetic
| Vertical Datum of 1929 (NGVD of 1929)-—A geodetic datum derived from a
‘ general adjustment of the first-order level nets of both the United States
and Canada, formerly called "Sea Level Datum of 1929".
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GEOHYDROLOGY AND CHEMICAL QUALITY OF GROUND WATER, SAN BERNARDINO
NATIONAL WILDLIFE REFUGE, ARIZONA

By

Steve A, Longsworth

ABSTRACT :

In 1982, the San Bernardino National Wildlife Refuge was
established in San Bernardino Valley to protect unique wetlands habitat
for fish and wildlife and an endangered species of fish—the Yaqui
topminnow, Black Draw, the main surface-water drainage in the valley, is

perennial in a short reach in the refuge near the international boundary

with Mexico. Ten wells and at least four springs are connected with the
wetlands in the refuge. Wetland restoration was begun in response to
habitat damage caused by cattle grazing and land clearing for farming.

Interlayered alluvium and basalt flows compose the principal
aquifer system in the valley, Ground water flows from recharge areas near
mountain fronts toward the basin center and then southward, Discharges
from flowing wells and springs contribute water to the wetlands in the
refuge. '

Fluctuations in ground-water levels and discharges of flowing
wells reflect variations in climatic conditions. Irrigation in the wvalley
is minimal, and ground-water levels have remained stable since the mid-
1950's, Discharges from flowing wells were measured during 1983-88,
Annual discharge from the flowing wells totals about 400 acre-feet, The
effects of ground-water withdrawals in Mexico on well-discharge rates in
the refuge are not known, but continued development could affect
ground-water conditions.

Ground water in the study area is of acceptable chemical quality
for most uses and does not contalin concentrations of constituents that
exceed State of Arizona water-quality standards. Only small quantities of
ground water are withdrawn near the refuge.

INTRODUCTION

The San Bernardino National Wildlife Refuge was established in
1982 to protect a wetlands habitat for wildlife and several species of
fish, including an endangered species of fish—the Yaqui topminnow
(Poeciliopsis occidentalis sonoriensis). The refuge covers about 2,300
acres of the San Bernardino Valley in southeastern Arizona (fig. 1).
Marshes, ponds, springs, and flowing wells in the refuge sustain a unique
ecosystem in southeastern Arizona. 1In 1984, the U.S. Geological Survey,

1
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Figure 1.--L6cation of San Bernardino National Wildlife Refuge
and approximate boundary of San Bernardino Valley.






3

in cooperation with the U.S. Fish and Wildlife Service, began a study to
investigate the geohydrologic system in the refuge. :

Habitat damage from cattle grazing and land clearing for farming
before acquisition of the area by the U.S. Fish and Wildlife Service
resulted in a decline in native fish and wildlife (Ben Robertson, Refuge
Superintendent, U.S. Fish and Wildlife Service, oral commun., 1987),.
Restoration of previously drained wetlands using water from flowing wells
and springs has promoted growth of vegetation and an increase in wildlife
and endangered fish populations. Ground water is used in restoration
because surface-water resources are insufficient and the refuge will
require a dependable long-term water supply. Although the quantity of
ground water pumped in San Bernardino Valley is small, development in the
future could cause the head in the aquifer to decrease and the wells in
the refuge to cease flowing. Ground-water pumpage for agriculture in
Mexico is expected to increase in the future, and the effects of such
pumping on ground-water conditions within the refuge are not known.

This report describes the geohydrologic setting and the
occurrence, movement, and chemical quality of ground water on the basis of
available data. Geohydrologic characteristics of the refuge are
controlled by the physiographic and geologic setting of San Bernardino
Valley. Geologic, climatic, water-level, and water-quality data collected
throughout the valley were analyzed to define the regional geohydrologic
system and to interpret conditions within the refuge boundaries. Eleven
wells and two named springs are in the refuge (fig. 2). Wells are
numbered in accordance with the Bureau of Land Management’s system of land
subdivision (fig. 3).

PHYSIOGRAPHY

San Bernardino Valley is partly in the United States and partly
in Mexico (fig. 1). In Arizona, the valley is bounded by the Pedregosa
and Perilla Mountgins on the west and the Chiricahua Mountains on the
north. The Peloncillo Mountains in southwestern New Mexico form the east
boundary. The south end of the valley lies in Mexico; however, this
report Includes only data from the area north of the international
boundary. Ephemeral streams drain the mountains that surround the valley
and are tributary to Black Draw. Black Draw, which flows southward into
Mexico, is the main surface-water drainage in the San Bernardino Valley.

Altitudes range from about 3,400 ft on the valley floor in the
San Bermardino National Wildlife Refuge to about 8,000 ft in the
Chiricahua Mountains. The valley floor has an average downward slope,
north to south, of about 40 ft/mi. Land in San Bernardino Valley is used
primarily for cattle grazing. No extensive farming is done in the
valley, but land previously cleared for farming is now covered by grass.
Land occupied by the refuge and areas upstream along Black Draw were
farmed prior to 1980. Vegetation consists of grasses, desert shrubs,
cacti, mesquite, and acacia. Cottonwood -and willow trees grow near the
wetlands.
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GEOHYDROLOGY

Geologic Setting

San Bernardino Valley was formed initially during the middle to
late Tertiary Period by steep, normal faulting that occurred near the
present basin edges (Menges and McFadden, 1981; Pool, 1985). The
Chiricahua, Pedregosa, Perilla, and Peloncillo Mountains were formed when
rock units were displaced upward along faults relative .to basin rock units
during the Basin and Range structural disturbance (Scarborough and Pierce,
1978). Sedimentation of the basin was contemporaneous with basin
subsidence and resulted from deposition of locally derived sediments
and outpouring of basalt. Basin-fill sediments and stream alluvium
overlie pre-Basin and Range deposits and bedrock on the valley floor
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The well numbers used by the Geological Survey in Arizona are
in accordance with the Bureau of Land Management's system of l[and
subdivision. The land survey in Arizona is based on the Giia and Salt
River meridian and base line, which divide the State into four quadrants.
These quadrants are designated counterclockwise by the capital letters A,
B, C, and D. All land north and east of the point of origin is in A
quadrant, that north and west in B quadrant, that south and west in C
quadrant, and that south and east in D quadrant. The first digit of a
well number indicates the township, the second the range, and the third
the section in which the well is situated. The lowercase letters a, b, ¢,
and d after the section number indicate the weil location within the
section. The first letter denotes a particular 160-acre tract, the second
the 40-acre tract, and the third the 10-acre tract. These |letters also are
assigned in a counterclockwise direction, beginning in the northeast
quarter. if the location is known within the 10-acre tract, three lower-
case letters are shown in the well number. In the example shown, well
number (D-4-5)19caa designates the well as being in the NE4YNELSW4
sec. 19, T. 4 S., R. 5 E. Where more than one weli is within a 10-acre
tract, consecutive numbers beginning with 1 are added as suffixes.

Figure 3.--Well-numbering system in Arizona.
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(fig. 4). In southern Arizona, basin-fill sediments have been subdivided
into a lower and an upper unit on the basis of structural and
stratigraphic characteristics (Pool, 1985). Hydrologic characteristics of
San Bernardino Valley are 1nf1uenced by geologic structure, rock type, and
climate.

The mountains surrounding the valley are composed of igneous,
metamorphic, and sedimentary rocks of Paleozoic to middle Tertiary age
(Cooper, 1959). Some pre-existing faulted and folded sedimentary and
volcanic rock units were displaced in mountain blocks and basin blocks
during basin formation. The consclidated rocks store and transmit small
quantities of water through fractures but generally act as barriers to
ground-water flow in the basin sediments. Limestone crops out in several
places east of the refuge and north of the international boundary
{Cooper, 1959), but the subsurface extent is unknown.

Basin-fill sediments consist of unconsolidated to well-
consolidated alluvial material of Cenozoic age derived from the rocks of
surrounding mountains interlayered with late Tertiary and Quaternary
basalt layers (Gooper, 1959; Lynch, 1978). The lower and upper units of
the basin-fill sediments generally are coarse grained near the basin
boundaries and fine grained near the basin center.

Lower basin fill generally is more fine grained than the upper
basin fill and was deposited during the early stages of the Basin and
Range structural disturbance when relief was not great and the basin
drainage was not established. Sediments in the lower part of the lower
basin fill consist of mudstone and siltstone that contain 80 percent or
more silt and clay and locally include disseminated gypsum. Sediments in
the upper part of the lower basin fill generally are coarser than
sediments in the lower part and contain 55 to 80 percent silt and clay, do
not contain evaporites, and can have sand and gravel lenses (Pool, 1985).

Upper basin fill generally consists of clay, silt, and sand
layers that interfinger with late Tertiary and Quaternary basalt flows and
tuff deposits. The upper basin fill was deposited during a period of
transition to integrated,drainage among basins and generally lies
undisturbed over major Basin and Range faults and pediments (Pool, 1985).
In San Bernardino Valley, however, several minor faults displace the unit
(Morrison and others, 198l). The thickness of the upper basin fill in San
Bernardino Valley has not been determined. In many southern Arizona
basins, much of the upper basin fill was extensively eroded during and
after establishment of regional integrated drainage (Pool, 19853).

Basalt covers a large surface area in the basin (fig. 5).
Volcanism occurred during and after basin subsidence, approximately 3 to
0.27 million years ago (Lynch, 1978), and produced interfingering of
basalt flows with locally produced detritus. Drillers’ logs from several
wells in the wvalley indicate the presence of at least eight basalt flows
in the basin-fill sediments (Lynch, 1978). Most basalt flows present on
the surface have been highly weathered and relief is slight. Basalt flows
abut the Peloncillo Mountains along the east edge of the valley (fig. 5).
In the western part of the valley near the Pedregosa Mountains, alluvium
has buried the youngest basalt flow.
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alluvial basins in southeastern Arizona, :

Stream channels are cut into alluvium that is composed of
unconsolidated gravel, sand, silts, and clays. This stream alluvium is
less than 100 ft thick and is thickest along Black Draw. The deepest part
of- San Bernardino Valley is in the northwest near the base of the
Chiricahua Mountains where depths to bedrock exceed 800 ft (Oppenheimer
and Sumner, 1981). ;

The basin-fill sediments and basalt flows in the southern part
of the valley have been incised by recent streamflow. In the San
Bernardino Wildlife Refuge, significant erosion and subsequent terracing
of upper basin-fill sediments have occurred as Black Draw and other
drainages downcut into surficial rock material. The refuge area
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encompasses the east margins of basalt flows, upper basin-fill terrace
deposits, and stream alluvium (fig. 6). The western part of the refuge
lies on a plateau of several late Tertiary and Quaternary basalt flows as
mapped by Cooper (1959). The margins of the basalt flows within the
refuge boundaries trend north-northeasterly and overlie upper basin-fill
sediments. The basin-fill sediments form an intermediate terrace between
the basalt plateau and the present (1989) stream channel of Black Draw.

Occurrence and Movement of Ground Water

Basin-fill sediments and stream alluvium are the primary water-
bearing units in the San Bernardino Valley aquifer system. Basalt and
less permeable sediments restrict ground-water movement and produce
confined or semiconfined aquifer conditions in areas where the hydraulic
head is sufficiently high. Permeable basin-fill sediments and basalt
generally are discontinuous throughout the valley. Interfingering of
" permeable and relatively impermeable layers has produced many thin,
hydraulically interconnected water-bearing zones.. &

Ground water occurs under confined conditions in the lower part
of the lower basin fill in the .refuge. Nine of the tefi wells near the
wetlands flow at land surface. The water level in well 9 generally is at
or near land surface. The water-bearing units are confined partly by
low-permeability clays of the lower basin fill or overlyisig dense basalt
(fig. 6). Springs exist in several areas in the westerh part of the
refuge where basalt flows terminate or are eroded, exposing permeable
sediments of the upper basin fill (fig. 4). More springs probably exist
in the dense underbrush in the valley. House spring, (D-24-30)15cdel,
supplies water to the restored ranch house. House Pond, North Pond,
and Tule Pond receive recharge from one or more springs. Astin Spring,
(D-24-30)11bbe, discharges into Black Draw north of the refuge.

Ground water in San Bernardino Valley is recharged by
precipitation falling on the high-altitude parts of the basin. Annual
precipitation is about 13 in. on the valley floor near the refuge
(Stephens Ranch) at an altitude of 4,000 ft. In the Chiricahua Mountains,
the precipitation is almost 18 in. at an altitude of 5,340 ft (Rucker
Canyon, approximately 10 mi north of Packsaddle Mountain) and more than
25 in. at an altitude of about 7,000 ft (Sellers and others, 1985),
Precipitation that does not evaporate or discharge as plant transpiration
infiltrates the soils, percolates through the unsaturated zone, and
eventually reaches the water table. Along the base of the Peloncillo
Mountains in the eastern part of the valley, extensive alluvial deposits
are not present, and recharge to water-bearing units can occur through
fractures in and along margins of basalt flows. Surface-water infiltra-
tion occurs in the coarse alluvial sediments along mountain fronts and
throughout the valley in stream channels,

Data from 57 wells in San Bernardino Valley outside the refuge
indicate that withdrawals from 46 wells are used for stock supply,

withdrawals from 8 wells are used for domestic supply, and 3 wells are.

unused (table 1), Several of the wells used for stock supply also are
used for domestic supply. No water is withdrawn for irrigation in the
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Table 1.--Well and spring information and water levels, July 1985, San Bernardinc Valley

{Primary use of site:

W, withdrawal; U, unused,
R, reported; U, unused; Z, refuge well,

Primary use of water:
Dashes indicate no information)

11

H, domestic supply; 8, livestock supply;

Altitude Primary Primary Date
Type of land use use Depth Depth water Water
Site of Latitute, Longitude, surface, of of drilled, of well, level level,
identification site in degrees in degrees in feet site water in feet in feet measured in feet
({D-21-29)13dbd Well 313605 1092028 5,355 W H 950 950 = memeeeen emeeo
. (D-21-29)24dda Well 313508 1092015 5,200 W H 75.0 75,0  memmmmme ammew
(D~21-30)05dce Well 313730 1091839 4,960 W s 200 200 mmee—mem e
(D-21-30)20add Well 313527 1091810 4,930 W - s 580 580 2 mmemmmeo meeeo
(D-21-30)30bba Well 313448 1092002 5,120 W s 200 200 mmmmeeem e
(D-21-30)32ach Well 313348 1091835 4,770 W ] 200 200 —--mEeem meaes
(D-21-31)08dbd Well 313650 1091229 4,875 W H 620 BZ0 07-10-85 G00R
(D-21-31)23¢ced Well 313453 1090953 4,590 L 5 - - 07-10-85 700R
{D-21-31)32bdd Well 313335 1091234 4,520 W S 726 7286 07-10-85 BOOR.
(D-22-29)02aba Wall 313303 1092134 4,900 W S a0 900 W mmmemmme e
(D-22-29)23abd Well 313024 1092133 4,620 W s 420 420 mmee——em e
(D-22-30)09cbb Well 313151 1091805 &,548 W 3 770 770 mmemmmeem —mmeo
(D-22-30)13cbb Well 313057 1091459 4,450 - W s 800 800 07-08-85 B12R
(D-22-30)15add Well 313101 1091607 4,460 L S 675 575 07-09-85 640R
(D-22-31)05¢edd Well 313219 1091233 4,455 W 3 587 587 R e T
(D-22-31)33ded Well | 312757 1091119 4,240 W S 508 508 0 —-we—oe-- eeo-
(D~-22-32)08bce HWell 313040 1080752 4,800 W s 879 978 ------ -= ===
(D-22-32)17cea Well 313112 1090641 5,120 W 3 458 458 . mmmmmmen mmeee
(D-22-32)18bch Well 313104 1090748 4,655 W H 865 865 07-10-85  70CR
(D-23-30)10dbd Well 312627 1091620 . 4,240 W 8 715 715 07-09-85  420R
{D-23-30)18kLhd Well 312600 1091957 4,120 W s 400 400 ---mmemm —ooes
(D-23-30)18caa Well 312544 1091945 4,200 W 34 475 475 mmmmmmem oo
(D-23-30)30dbb Well 312351 1091935 4,020 W s 300 300 07-10-85 120R
(D-23-30)32¢ced Well 312248 1091859 3,955 W 8 mmeme meme 07-09-85 75R
(D-23-30)33aab Well 312331 1091718 3,962 W s 250 250 07-09-85 80R
(D-23-30)36bab Well 312334 1091446 3,900 W s 308 308 07-08+85 120R
(D-23-31)04cab Well 312730 1091137 4,215 W S B75 675 07-10-85 400R
(D-23-31)18dcbl Well 312528 1091329 4,060 W S mmmem meee- 07-09-85 235R
(D-23-31)18dch2  Well 312528 1091331 4,060 W 8 328 328 07-89-85 233R
(D-23-31)26abcl Well 312415 1090922 4,137 W s azs 4 I e
(D-23-31)26abc2 Hell 312415 1090924 4,145 L S 325 325 07-09-85 305R
(D-23-31)29dcal Well 312341 1081215 4,000 W s 300 300 07-08-85 1865R
(D-23-31)29dca2 Well 312340 - 1091216 4,040 W B 250 250 07-09-85 200R
(D-23-32)06aadl Well 312747 1090655 4,550 W s 180 180 07-09-85 55R
(D~23-32(06aad2 Well 312747 1090655 4,550 W H 134 134.,0 07-09-85 40R
(D-23-32)08dcc Well 312612 1090618 4,560 W B 180 180 ~-me---- mmmaa
(D-24-29)08cac Well 312111 1092407 4,350 W E§ - mmmmm meeee- m———-
{D-24-29)09chd Well 312111 1092412 4,365 W 8§  mmmem —mee- 07-08-85 58,4
(D-24-29)11cab Hell 312122 1092202 4,150 i) v - - 07-08-85 31.3
(D-24-29)13che Well 312022 1092115 4,100 W 5 280 280 --mmmmm= e
(D~24-29)16ace Well 312038 1092347 4,520 W s 205 205 meeem—- e
(D-24-30)04aac Well 312234 1091716 3,900 L S 135 135 07-09-85 43R
(D-24-30)07bdb Well 312133 1091954 4,000 W s 270 270 semee—mm e
(D-24-30)08daal Well 31211¢ 1091811 3,870 W 8 160 160 el
(D-24-30)08daa2 Well 312120 1091811 3,880 U u 115 115 07-09-85 80R
(D-24-30)11aadl Well 312139 1081507 3,810 W 8 600 500 07-08-85 12R
(D-24-30)11aad2 Well 312137 1691507 3,810 W s 900 aeo 07~09-85 15R
(D-24-30)11aadd Well 312138 10915906 3,810 W s 130 130 07-09-85 24R
(D-24-30)11bbe  Spring 312140 1091600 3,800 Not pumped S -——- ——— AR EETIE e
(D-24-30)11cadl Well 312117 1091540 3,740 . z - ————= memsmm-T o mmmme
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Table 1,--Well and spring information_and water levels,

July 1985, San Bernardino Valley--Continued

Altitude Primary Primary " pate
Type of land use use Depth Depth water Water
Site of Latitute, Longitude, surface, of of drilled, of well, level level,
identification site in degress in degrees in feet site water in feet in feet measured in feet
(D-24-30)11cad2 HWell 312014 1091538 3,740 L 7 ——-—= -mm== =omesTos mEEeT
{D-24-30)13dba Well 312028 1091420 3,780 W § = mmee= m=e-- wmssssoo mEEET
(D-24~30)14bac HWell 312050 1091542 3, 750 W Z  m=m-= mmmms mmmmesss oEEms
(D-24-30)14bda Well 312040 1091540 3,780 U Uy  --m=m= meess mEmmsmess mEEET
(D-24-30)14bdb Well 312044 1091541 3,750 i) 7 —==-- =mme= Smmwesss mmEme
(D-24-30) l4chd Well 312026 1091552 3,750 W Z 583 583 2 =m-m-=-o- TS S
(D=24-30)15cdel Spring 312011 10916842 3,780 W A --=-- mm-m= TTmTmuss mmEes
{D-24-30)15dad Well 312022 1091608 3,759 W z  -=--- =mmm= =TT dmm— mmme
{D-24-30)15dde Well 312010 1091616 3,758 W g  m—m==  m==n- mesoosos o STTET
(D-24-30)16cce Well 3120086 1091806 3,800 W 8 100 100 07-09-85 30.2
(D-24-30)23babl  Well 312002 1091546 3,760 W z L mmmee ——=m— mmmm—em— mems
(D-24-30)23bab2  Well 312003 1091546 3,740 ) g me-s= mm==s mommssss momEE
{D-24-31)03bab Well 312102 1091050 4,035 W s 250G 250 07-09-85 180R
(D-24-31)05acc Well 312343 1091224 3,920 W ] 500 500 07-09-85 93.3
(D-24~31307ced Well 312059 1091350 3,820 W ] 140 140 07-09-85 35R
{D-24-31)10ccc Well 312237 - 1081051 4,005 W 8 250 250 07-09-85 215R
(D-24-31)12dbb Well 312124 1090840 4,200° ) u 466 466 20 —memmmms —————
(D-24-32)14bda Well 312042 10590325 4,335 W s 28.0 28,0 2 —=--=w=m omamr
(D-24-32)21aac Well 311959 10905086 4,260 W S 30.0 30,0 2 meems=== mooos
valley. The wells in the refuge supply water to ponds or are cloged off

with wvalves.

Ground water generally f
toward the basin center and then southward.

lowg from mountain-front recharge areas
The water moves through the

hydraulically connected permeable sediments from areas of high hydraulic
head to areas of low hydraulic head. Movement of ground water correlates
approximately with directions of surface-water flow.

Some water apparently moves along the basalt layers at shallow
depth and discharges through springs or small seeps along the intermediate
terrace in the refuge and evaporates or is transpired by vegetation. The
flow pattern and extent of this system are not known, and additional
points of discharge probably exist elsewhere in the valley or in Mexico.
The chemical quality of water from House Spring differs from that of water
from refuge wells (see section titled "Chemical Quality of Ground Water,”
and table 4). Ground water discharges through springs and flowing wells
into Black Draw. An unknown quantity of ground water also moves as
underflow and discharges south of the refuge in Mexico. :

Water Levels

Water levels in San Bernardino Valley have remained stable since
initial measurements were made in the mid-1930's. Ground-water discharge
from the aquifer has remained stable because irrigation withdrawals in the
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past were small and stock and domestic water requirements have not
increased in the valley. The water level in a well represents the
hydraulic head in the aquifer and fluctuates in response to changes in
ground-water storage. Ground-water recharge is proportional to the amount
of precipitation; thus, increases in precipitation result in increased
quantities of ground water stored in the aquifer, Flow from springs and
flowing wells also increases in response to increases in the hydraulic
head in the aquifer.

Long-term water-level measurements made at three wells show
small fluctuations. The depth to water at well (D-24-31)05acc, drilled to
a depth of 500 ft, was 96 ft in May 1974 and 93 ft in July 1985 (fig. 7).
Intermittent water-level measurements were made at wells (D-24-30)1lécce
and (D-23-31)29dcal between 1956 and 198% (fig. 8). The depth to water
at well (D-24-30)l6ccc, drilled to a depth of 100 ft, was 30 ft in
January 1977 and 30 ft in January 1989. The depth to water at well
(D-23-31)29dcal, drilled to a depth of 300 ft, was 165 ft in December 1956
and 166 ft in March 1987,

A study by Wilson (1976) identified ground-water conditions in
San Bernardino Valley in 1974-75. Depth to water generally was less than
200 ft in the southern part of the valley and exceeded 600 ft in the
porthern part., The report included water levels measured during 1974-75,
measured prior to 1974-75, and reported by well owners for periods prior
to 1974-75.

Watér-level measurements were made at refuge wells 3 and 5, and
flow was observed from wells 1, 2, 7, and 8 in May 1974 (table 2). The
water levels in the wells were affected by pumping from well 10 for
irrigation. At well 3, (D-24-30)15ddc, the water level was 2 ft below
land surface and at well S5, (D-24-30)1lcadl, the water level was 4 ft
below land surface. The water level in wells 4, (D-24-30)15dad,
and 6, (D-24-30)llcad2, could not be measured in 1974, however, neither
was flowing. The water level in well 9 was not measured. Water levels
reported by well owners and measured in July 1985 had not changed
significantly from water levels measured in 1956 and 1975 (fig. 7). Field

_inspections made between December 1983 and March 1988 indicate that refuge

wells generally flow throughout the year.

Differences in hydraulic head exist between water-bearing units
of different depths. Wells (D-24-30)11aad2 and (D-24-30)1laad3 north of
the refuge are 900 ft and 130 ft deep, respectively. In June 1974, the
depth to water was 24 ft in the deep well and 26 ft in the shallow well.
Because the wells are at the same land-surface altitude, the higher water
level in the deep well can be attributed to the deep water-bearing units
that have a higher hydraulic head than the shallow water-bearing units.

Well Discharges

, Measurements of flow from refuge wells began in December 1983 by
personnel of the U.S. Fish and Wildlife Service. On the basis of

discharge measurements made between 1983 and 1988, average well discharge:

ranged from 6.2 to 108 gal/min (table 3). Annual discharge from the 10
wells, except for well 2, totals about 400 acre-ft or enough water to
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Figure 8.--Water levels for wells (D-24-30)1l6ccc
and (D-23-31)2%dcal, 1956-89,

cover the entire refuge with 2 in. of water. Between 1982 and 1987, water
was pumped from well 10 intermittently to maintain stable water levels in
Twin Pond (Ben Robertson, U,S, Fish and Wildlife Serwvice, oral commun,,
1987). Data from observations made between 1983 and 1986 show that
pumping from well 10 could have affected flow rates of the other.wells,
but specific effects were masked by seasonal fluctuations and irregular
monitoring patterns, Small withdrawals probably had little effect on flow
rates, Discharge rates from the flowing wells have remained virtually
unchanged since monitering began in 1983,

A deep water-bearing unit contributes to ground-water flow from
well 10 on the refuge (depth, 583 ft). Although depths of the other
refuge wells are unknown, the presence of artesian flows indicate similar
depths with connection to the confined lower water-bearing unit,
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Table 3.--Average measured discharge rates of flowing wells and daily and
annual discharge, San Bernardino National Wildlife Refupe, 1983-88

Well : Well Average discharge rate,
number identification in gallons per minute
1 (D-24-30)23babl 1108
2 (D-24-30)23bab2 (%)
3 (D-24-30)15dde 9.8
4 (D-24-30)15dad 22.9
5 (D-24-30)11cadl 6.2
6 (D-24-30)11cad?2 7.9
7 (D-24-30)14bac 20.5
8 (D-24-30)14bdb 36.5
9 (D-24-30)14bda 311.0
10 (D-24-30)1l4chd 20.7
Daily Annual

Total average discharge
available from flowing
wells, in gallons............. 350,640 127,983,600

lyalve on well 1 remains closed when flow is not being measured.
2Yalve on well 2 remains closed and flow cannct be measured,

3Casing deterioration has prevented the volumetric measuring of
discharge from well 9 after April 18, 1984,

Flowmeter testing showed that most of the ground-water flow to well 10
cccurs in units where the borehole has been enlarged by solutionm of the
water-bearing sediments. More than half the ground-water flow occurs at a
depth of about 488 ft where the borehole diameter exceeds 17 in. In the
uncased part above 300 ft, the borehole diameter is about 10 in. Flow to
the well also occurs from 310 to 340 ft, 380 teo 410 ft, and 494 to 500 ft,
The diameter of the borehole is about 12 in. from 310 to 340 ft, 15 in.
from 380 to 410 ft, and 11 in. from 494 to 500 ft., No flow was measured
below 500 ft, fThe lateral extent of these zones cannot be determined with
present (1989) data. Effects of pumping on water levels and discharge
rates in this area have not been defined by thorough aquifer analysis,

CHEMICAL QUALITY OF GROUND WATER

Water-quality data from San Bernardino Valley include analyses
of samples from 18 wells and 2 springs collected between 1956 and 1987.
Concentrations of constituents shown Iin table 4 were below Federal maximum
contaminant levels for drinking water and State of Arizona maximum
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Table 4,--Chemical analysis of well and spring water, San Bernardino Valley

*C, degrees Celsius; uS/om, microsiemens per centimeter at 25 *Celsius;

{Dashes indicate no data;

mg /L, milligrams per liter;

<, less than]

pg/L, micrograms per liter; PCi/fL, picocuries per liter,

Alka-

. Spe- Carbon linity

cific Field pH dioxide wat wh

Temper- Temper—  con- pH lab dis- tot fet

ature  ature duct- (stand- (stand- solved field

Well or spring Date water air ance ard - ard (mg /L (mg/L as

identification Station number sampled Time (°C) (*C) (uS/em) umits) units) as COg) CaCO3)
(D-24-30)23babl 312002109154601 03-02-85 1330 28,0 21.5 425 8,10 8.10 == -
(1) ' '09-15-86 --—- -——-= -—— -—- -—-- —-—-- -— -
(D-24-30)15ddc 312010109161601 03-02-85 1130 32.5 21.5 431 8.30 8,30 -—- -—=
(D-24-30)15cdel 312011109164201 03-01-85. 1514 19.0 24,0 500 1.70 7.80 -—- -
(D-24-30)11cadll ' 312117109154001 09-15-86 =~--- ~--=- ---- --- - - -n= -
(D-24-30)11cad2  312014109153801  03-02-85 0850  30.0 18.9 398 8,00 8,20 -—- ---
(D-24-30) 15dad 312022109160801  03-02-85 1100 32.0 18.0 495 B.40 8,50 --- ---
(D-24-30)13dbal  312028109142001 09-15-86 --—-=  ~—== -—-- --- ---- - --- ---
(D-24-30) L4cbd 312026109155201  05-22-74 ----  29.0 —--- 458 -—m- - --- 223
11-17-87 1510 -=-- - 450 -—-n 8.30 -—- -
{D-24-30)14chd 08-18~86 1630 ---- “me- - -—=- - -—- -—
08-20-86 1445 ---- —-—- - -—-- ---= --- -
08-20-86 1845 ---- --- - ---- ---- --- ---
: 08-21-86 152 ---= ——-- - —--- - --- ---
(Y 09-15-86 ==~- ---- -—-- --- ---- ---- --- -
(D-24-30)14bdb 312044109154101 03-02-85 1000 29,0 18,0 4§11 7.90 8,10 - -
(D-24-31)03bab 312102109105001 11-27-56 ---- e - 1,700 7.10 -—== 143 927
05-23-74 ==-- 29.0 -—-= 1,320 ———- - ——— B87
(D-24-31})1000¢c 312237109105101 05-23-T4 ---- 25.5 = 1,370 - ———= -—- . 718
(D-23-30)36bahb 312334109144601 06-12-74 ~-——- 31,0 ——— 1,410 ——— —-—=- - 747
(D-23-31)26abc2 312415109092401 06-06-74 ~--- 28,0 -—-= 390 ——-- ——-- - 192
(D-23-31)04cab 312730108113701 06-03-74 ---- 28.0 - 387 ——— -——- -—= 190
(D-23-32)06aadl 312747109065501 06-03-74 ---- 22.0 -=== 702 ——-- -——- - 180
(D-22-32)18bch 313104109074901 01-04-57 =-—- - - 351 7.20 -——= 23 185
(D-21-30)32ach 313348109183501 06-04-74 ---- 26,3 ———= 388 - ———- -——- 144
(D-22-32)17c¢ca 313645109064101 06-12-74 ---- 26.5 ——— 373 -—=- —-—-= - 189
(D-24-30)16cce 312006109180601 03-15-87 1300 23.0 m——= 380 7.90 8,60 L= 243
(D-23-30)32ced ' 312248109185901 03-15-87 1600 25.0 —=-- 304 7.78 8.40 - 185
(D-24~29)08cac 312111108240701 03-15-87 1030 20.0 ——— 730 7.58 8,30 - 334
(D-24-30)11bbc 312140109180001 1430 22,0 -=—- 345 -——— ———— -—= -

03-15-87

See footnotes at end of tabls.






Table 4,--Chemical analysis-of well and spring water, San Bernardino Valley--Continued
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(D-24-30)11bhc

---- 0,010

Bicar- Car- Nitro- Nitro- Hitro- Phos- Phos- Bard-
bonate bonate gen, gen, gen, phate, phorous Hard- ness

water water nitrite mitrate NO2+HO3  ortho, orthe, ness noncart  Calcium

wh fet wh fat dis- dis- dis- dis- dis- total wh wat dis-

: field field solved solved solved solved solved (mg/L tot f£ld solved
Well or spring (mg /1. {(mg /L (mg /L {mg /L (mg /L (mg/L (mg/L as . (mg/L as (mg /L

identification as HCO3) as C0O3) as N) as N) as N) as PO4) as P) CaC03) CaC03g) as Ca)
(D-24-30)23babl  ----- e 1,20 0.06 0.020 110 o 24
[ mwm- mTmes | mmm=s mmemms mmms o mmmees - --- ---
(D-24-30)15dde ~ ----- el 1.70 0.09 0.030 62 0 11
(D-24-30)150dc1l ===== smmw memess o mmene 4,10 0,09 0,030 180 0 23
{D-24-30)1lcad1l  ----- cmmm memmer emeem eeen SR PR - --- ---
(D-24-30)1lcad2  =-=--- mmme mmeees —eees 1.20 0.08 8,020 a2 0 17
(D-24-30)15dad =~ --—-- e 1,40 0.09 0,030 26 0 5
(D-24-30)13dbal  ----- sepm mmmeem mmmen e I EEEE --- --- -—-
(D-24-30) 14cbd 270 mmmm mmmmem e 1,20 0.0 <0,010 92 0 17
————— ———— - -——- 1.00 --- <0,010 B4 0 12
{D-24-30)14ebd ----- -m-- mmmmms mmme— s mmsmm o mwmnwo e - -
(1) _____ e mmmmme e e e e _——— _— _—
{D-24-30)14bdk ----- =m—m mmmess e 1,10 0,06 0.020 130 0 24
{D-24-31)03bab 1,130 0o === mmme= meeee === me=esn 590 0 L1150
840 e ittt 0,180 0,03 0,010 310 0 50
(D-24-31)10cce 870 -—-= mmree== meme- 0.030 0,09 0.030 330 0 58
{D-23-30)36bab  ----- <0.0 10 0,080 0.080 0.08 0,020 2B0 " 0 50
(D-23-31)26abes2 230 —=== =m==m= === 2.00 0.09 0.030 150 0 28
(D-23-31)04cab 230 ——— <(.010 1.40 1,40 0,06 0.020 110 0 15
(D-23-32)06aadl 220 ——-s mmseas mawe—w 7.30 0.08 0.020 290 110 a8
(D-22-32)18bch 220 [ I e e -—-- === 160 0 23
(D-21-30)32ach 170 ——-= mmma—w weas 6.80 0.06 - 0,020 150 B 41
(D-22-32)17cca 230 —=== m===== === 0.820 0.03 0,010 140 0 33
{D-24-30)1B6ccc 300 0 mmmeee mmeee 1.60 s 0.010 200 0 28
{D-23-30)32¢ccd ——- -T= Tmmmm= mmems 7.80 -—-= 0.010 . 190 --- 38
(D-24-29)08cac - == mmmer= mmee- 3.20 510 - 110

See footnotes at end of table,

il
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Table 4.--Chamnical analysis of well and spring water, San Bernardino Valley--Continued

Sodiumt

Magne- potas- Potas-  Chlo- Fluo- Silica,

sium, Sodium, Sodium sium sium, ride, Sulfate ride, dis-

dis- dis- ad- dis- dis- dis- dis- dis- solved

solved solved BOXp— solved solved solved solved solved {mg /L
Well or spring (mg/L (mg/L tion Sodium (mg/L (mg /L (mg/L (mg/L (mg/L as

identification as Mg) as_Na) ratio percent. as Na) as K) ‘as C1) as B04) as F} S5i0g)
(D-Zk-%OJZShahl 11 62 3 55 -=- 2,5 6.4 14 0.40 35
[y ] === - o - - - === T - -
(D-24-30)15ddc 8.4 78 4 72 --- 4.1 B.4 12 0,40 20
(D-24-30)15¢dcl . 30 46 2 35 - 4,3 15 26 0.40 a3
(D—2ﬁ-30)11cad11 === == -——== -== - —_—— ———= === -———- --
(D-24-30)11cad2 12 67 3 €0 - 2.8 7.2 13 0,50 a1
(D-24-30)15dad 2.9 110 10 as -—- 2.6 7.0 13 0.50 21
(D-Z"e—:EvCl)13cill:aal -—=- --= --—- - - -—=- sme= = ---- -
(D-24-30)1ldchd 12 69 3 61 --= 4.5 6.9 12 0.40 k!
8.3 83 5 73 - 3,0 10 11 0,50 34
(D=2430) l4obd -—-- --- -—-- -- --- -—-- . —ees ann --
(1) ———— - [Epp— - ——— _———— _———— eewma- -———— —_—
(D-24-30)14bdb 16 53 2 47 - 2,8 B,5 13 0.40 34
(D-24-31)03bab 51 ——- 4 43 200 -—== 22 54 3.6 a0
45 190 5 54 --- az 19 48 1.9 ag
(D-24-31)10cce 45 200 5 54 - 34 20 49 2.5 a6
(D-23-30)36bab 32 240 7 64 -— 3l 19 40 2.7 34
(D-23-31)26abeZ 20 28 1 27 -—- 5.8 5.3 6.4 0.30 50
(D~23-31)04cab 17 41 2 43 - 8.8 5.7 9.9 0.40 35
(D-23-32)06aadl 12 31 0.8 18 - 4.2 23 120 0.20 48
(D-22-32)18bch 24 -=- 0.8 25 24 ——— .8.,0 4.5 0.80 51
(D-21-30G)32ach 12 20 0.7 22 -—- 2.8 10 17 0.10 30
(D-22-32}17cca 15 23 0.9 25 -—- 5.5 6.4 3.5 V.30 55
(D-24-30)1B6cee 32 39 1 29 --- 7.0 6.6 26 0.40 35
(D-23-30)32ced 23 17 0.5 16 - 6.2 3.6 11 0.20 az
(D-24-29)09cac 57 50 1.0 18 _— 5.8 18 270 0.60 13

(D-24-30)11bbe

See foctnotes at end of table.
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Table 4,--Chemical analysis of well and spring water, San Bernardinc Valley--Continued
Chro-

mium, Manga- Stron-  Alum-

Arsenic = Barium, Boroen, Cadmium hexa- Irem, Lead, nesé, tium, inum,

dis- dis- dis~ dis- valent, dis- dis- dis- dis- dis-
solved: solved solved solved dis. solved sclved solved solved solved

Well or spring (ug/L (ug/L (us/L (ug/L (ug/L (ug/L (pg/L (ug/L (us/L (us (L
identification as As) as Ba) as B) as Cd) as Cr) as Fe) as Pb) as Mn) as Sr) as Al)
(D-24-30)23babl <1 28 40 2 9 ] <1 231 330 10
(%) - - == - == --= - == s ===
(D~24-30)15dde 3 18 60 <l 3 7 <1 <1 300 10
(D-24-30)156del 2 32 40 2 =<1 8 <1 <1 00 20
(D-Zﬁ-SO)lloadl1 - - - okl - - -= - rm——— -
(D-24-30)11lcad2 <1 22 50 2 7 7 2 <1 200 20
(D-24-30)15dad 3 16 70 1 2 <3 1 2 110 20
(D-24-30)13dba’ - - s -- -- ~-- -- - meeee ---
{D-24-30)l4chd - - 60 -- -- <10 = <10 ----- -
’ 2 - €0 - 3 <3 <5 <1  =--m <10
{D-24-30)14chd -- - --= - -- - -- - aeee— -—-
(1) —-—— - - - —_— —_— —_— ——— - —_—
(D-24-30)14bdb <1 32 40 <1 3 7 <1 <1 310 <10
(D-24-31)03bab -- - --- -- - --- -~ mm- emees -—-
-- -- 190 -- -- <10 - <10 ----- ~—-

(D-24-31)10cce -- - 190 -- -- <10 - - <10 ----- -
(D-23-30)36bab - - 200 -- -- <10 -- <10 meees ---
(D-23-31)26abo2 -- -~ 90 -- -~ <10 -- S L -
{(D-23-31)04cab -- - 80 -- -- <10 - <10 ----- ---
{D-23-32)06aadl -- -- 30 - -- 20 -~ <1¢  m-eee ——
(D-22-32)18bch - -- m-- -- -- --- -~ -—— === -
(D-21-30)32ach - - 30 -- -- <10 -- <10 ==--- -—=
(D-22-32)17cca -- -- 30 -~ .- <10 -- <10 -=--- -
(D-24-30)16cce -- - 70 -= -- =] -- 1 === -—=
(D-23-30)32ccd b -- 20 -- - 18 - e ---
(D-24-29)08cac 2 20 170 i 1 3 5 140 1,800 10

(D-24-30)11bbc

See footnotes at end of table.
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Table 4.--Chemical analysis of well and spring water, San Bernardino Valley--Continued

s Gross Gross Solids, Nitro- Nitro-

Sele- beta, beta, sum of  Solids, Nitro- gen, gen,
i Lithium, nium, dis~ susp, conati-  dis- gen, nitrate nitrite Mercury
: dis~ dis- solved total tuents, solved nitrate dis- dis- dis-
: . solved solved (pCi/L {pCi/L dis~- (tons total solved solved solved
Well or spring (ug/L (ug/L as as solved per {mg/L (mg/L (mg/L (ue /L
identification as Li) as Se) Cs-137) Cs-137) (mg/L) acre-ft) as NOa) as NO3) as NOg2) as Hg)
5 {D-24-30)23babl 47 <1 ---= e ---- - ---- - -—--
) --- -- 5.0 2.2 284 0.39. - -—-- --- ———-
(D-24-30) 15dde 3a 1 ---- - 271 0.37 - - - ----
{D-24-30)15cdel 18 1. = -—-- 331 0.45 --- ---- - -——-
(D~24-30)11cad1! --- -~ 3.8 <0,4 ----- - - o --- -
i (D-24-30)11lcad2 60 <1 -—-- ---- 275 0.37 --- - --- ———-
(D~24-30)15dad 65 <1 i - 312 0,42 --- ---- - -
3 (D-24-30)13dba’ -~ - 3 2.1 wmas ~—-- --- ---- --- -
: (D-24-30)14chd - - ——— ---= 294 Q.40 = === - -—--
- <1 -—— -—-- 300 0.41 - -—-- - <0,1
2 (D-24-30)14cbd Coee- -- 4.4 <04 mmeon ---- - - --- mm--
L - - 6.5 33 - m— -—- - ——- e
p -—- - 5.2 0.7 - o - -—- —_—- -—--
g -- -- 6.2 0.8  m=vmn —_——- - -—-- - -—--
x th - —-- - 3.4 <l.§4  ----- ——— .- - - ——
[
N (D~24-30) 14bdb 57 <1 —ee e 27¢  0.38 --- - .
(D-24-31)03bab - -- wmum == 1,070 1.46 1.4 —nn --- ----
i ' --- -- -—-- -—as 829 1,13 --- -—-- --- -—--
(D-24-31) }Goce .- - - m=-- 874 1.19 --- e --- —-—--
{D-23-30)36bab --- -- et -—-- 897 1.22 - 6.35 0.0 ——--
' (D-23-31)26abe2 s -- - ---- 269 0,37 -—- e - —-
(D-23-31)04cab --- - - —uas 253 0.34 - 6.2 0.0 .
(D-23-32)06aadl --- -- ---- ---- 477 0.65 - e --- -
(D-22-32)18heb e -- Smew e 253 0.34 5.9 ---- —- ----
i (D-21-30)32ach --- - e ---- 249 0,34 --- ---- - —=--
o (D~22-32)17cca --- - —-es - 258 0.35 --- mam --= --—-
| (D-24-30}16ccc --- -- m-—- - 321 ---- --- ---- --- --=-
R {D-23-30)32ccd - - ---- ---- 209 —-- --- ---- - ----
! (D-24-29)08cac 130 1 ---- ---- 602 —--- ——- e -- -
(D-24-30)11bbe - -- ---- -nos --- ---= --- ---- -- ----

See footnotes at end of table,

|






Table 4.--Chemical analysis of well and spring water, San Bernardino Valley--Continued
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Elevation Depth Gross Gross Gross Gross Spe-

of land below alpha, alpha, beta, beta, cific Alka-

surface Depth land dis- susp. dis- susp, con- linity
datum of surface solved total solved total duct.~ lab

(feet well, {water (ug/L (ug/L {pCi/L {(pCL/L ance (mg /L
Well or spring above total level, as as as Sr/f as Sr/ lab as

identification NGVD} (feet) (teet) U-NAT) - U-NAT) Yt-90) Yt-90) (u#S/cm) CaCOg)
(D-24-30)23babl 3,760  -em=em oo - ---- s e 437 205
h 3,760  —---mm —mee- 3.0 1.5 --- - - -—
(b-24-30)15dde 3,758 e oo - ---- - ---- 441 204
(D-24-30})15cdcl 3,780 Spring 0.0 ——— -—— - m———— 553 225
(D-24-30)11cad1! 3,740 cmmmem mmemmen 8.7 <0,5 - .- - -—
(D-24-30)11cad2 3,740 =mm--- emeeee ——-= ——— -== m—— 431 199
(D-24-30)15dad 3,759 =meemm mmemee -—== ——— --- - 503 238
(D~24~30)13dbal 3,760 smmmmem meeeee 81 <0.5 - - --- ---
(D-24-30)1l4chd 3,750 583 ------ -==- ——— -—- -——- - -—-
3,750 583 0 e----- -——— mm— - -——= 463 223
(D-24-30)14cbd 3,750 583 ------ 5.0 <0, 4 3.3 <0,4 == -
3,750 583  ---——- 6.0 34 4,9 31 -—— ——
3,750 1: R 6.2 <0, 4 4.0 0.7 -—- -
3,750 583 —----- 6.6 <0.4 4.7 0.8 - ---
h 3,750 583 ---m-- 3.7 <0.6 --- - - ---
(D-24~30) 14bdb 3,750 --mmmm —meme- - - --- - 432 207
(D-24-31)03bab 4,035 250 - - - --- - --- ---
: 4,035 250 —m---- - --—-- - -~ - -
(D-24~31)10cce 4,005 250 -——--- - -—-- - - - -
(D~23-30)36bab 3,900 308 - ------ ---- - -—- - - ---
(D-23-31)26abc2 4,145 325  —-e--- ---- ---- - - - ---
(D-23-31)04cab 4,215 250 ------ ---- - - ---- --- ---
(D-23-32) 0B aadl 4,550 180 - ---- - --- - -—- -
(D-22-32)18bcb 4,655 865 808.00  ---- —--- --- - --- ---
(D-21-30)32ach 4,770 200 ------ - ---- = - --- -
(D-22-32)17cca 5,120 458 ----e- - ---- --- -m-- - ---
(D-24-30)160c¢ 3,800 100 --e-e- ---- .- --- - 438 198
(D-23-30)32ccd 8,955 =mmees —oomeo -—-- een --- - 334 130
(D-24-29)09cac 4,350 -——mmm e-eee “mes e - ---- 811 126
(D-24-30)11bbe L -—-- - --- == - -

lAnalysis by Arizona State University, College of Enginearing and Applied Sciences.

ell has been deepened to 675 feet since date sampled,
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contaminant levels for non-community water systems (Gillen, 1987; U.S,
Environmental Protection Agency, 1986). Concentrations in spring-water
samples were below State of Arizona maximum allowable limits established
for surface-water aquatic and wildlife protected-use basins (Gillen,
1987). State of Arizona standards for surface-water quality, however,
have not been established for San Bernardino Valley.

The springs and 17 of the wells sampled are in the southern and
eastern part of San Berpardino Valley. Well (D-21-30)32acb is about 14 mi
north of the refuge near the west edge of the valley. Springs sampled
were Astin Spring, north of the refuge, and House Spring, in the refuge
near the restored ranch house. Only water-quality data were collected at
well (D-24-30)24dba, The well does not flow and is not used in wetland
restoration. Samples were collected from refuge wells 1, 3, 4, 6, 8, and
10, Depths of wells sampled ranged from 100 to 865 ft, and seven wells
have unknown depths. Of the 12 wells located outside the refuge, water
from 11 wells is used for livestock supply and water from 1 well is used
for domestic supply (table 1). Water from House Spring is used for
domestic supply and water from the refuge wells is used to maintain
wildlife habitats.

Ground-water chemistry generally is controlled by environmental
factors such as precipitation, biologic and biochemical processes,
lithology of aquifer materials, and surface characteristics of recharge
areas. The chemistry could be altered along ground-water flow paths from
recharge areas to discharge areas (Hem, 1985). Variability in
conecentrations of constituents reflect lateral and vertical changes in
aquifer lithology. ‘

Water from several wells to the west, east, and north of the
refuge exhibit chemistry typically related to calcium carbonate source
materials. Calcium concentrations ranged from 50 to 150 mg/L (milligrams
per liter), and alkalinity ranged from 334 to 927 mg/L as CaCO; in water
from wells (D-24-29)09cac, (D-24-31)03bab, (D-24-31)10ccc, and
(D-23-30)36bab. Magnesium and sodium concentrations ranged from 32 to
57 mg/L and 50 to 240 mg/L, respectively. Hardness values in samples from
these wells ranged from 260 to 590 mg/L as CaCQ;., Water from the four
wells had specific-conductance values that ranged from 730 to 1,700 uS/cm
(microsiemens per centimeter) and dissolved-solids concentrations that
ranged from 602 to 1,070 mg/L. Total nitrogen concentrations ranged from
0.030 to 3.20 mg/L. Three of the wells are near limestone outcrops in the
southeastern part of the valley and possibly could penetrate one or more
calcium carbonate type rock layers in the subsurface. One well is west of
the refuge and possibly penetrates calcium carbonate type rocks of the
Perilla Mountains.

Concentrations of major constituents (Hem, 1985, p. 54)
generally were smaller in the remaining 14 wells. These wells generally
yield a moderately hard to very hard sodium bicarbonate water. Calcium
concentrations ranged from 5.4 to 98 mg/L, and alkalinity ranged from 144
to 243 mg/L as CaCO;. Magnesium and sodium concentrations ranged from 2.9
to 32 mg/L and 20 to 110 mg/L, respectively. Hardness values generally

" were lower for these 14 wells and ranged from 26 to 290 mg/L. Specific-

conductance values ranged from 304 to 702 uS/cm, .and dissolved-solids
concentrations ranged from 209 to 477 mg/L. Total nitrogen concentrations
ranged from 0.0820 to 7.80 mg/L.
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The water discharged at House Spring is a wvery hard, magnesium
bicarbonate type that generally contains greater concentrations of major
constituents than does water from the refuge wells. The calcium
concentration was 23 mg/L, and alkalinity was 225 wmg/L as CaCO0,.
Magnesium and sodium concentrations were 30 mg/L and 46 mg/L,
respectively. The hardness value was 180 mg/L as CaC0,, specific
conductance was 553 pS/cm, and dissolved-solids concentration was
331 mg/L. Total nitrogen concentration in water from House Spring was
4.1 mg/L. The greater concentrations of nitrogen measured in House Spring
and several wells outside the refuge could result from nitrate formed from
the solution of nitrogen-bearing caliche deposits (Halpenny and others,
1952), from livestock operations near recharge areas (Hem, 1985), or from
a combination of these and other factors,

Analyses of water from the six refuge wells and House Spring for
arsenic, chromium, lead, and selenium showed concentrations below State of
Arizona maximum allowable limits established.for aquatic and wildlife
protected use, One sample from well 10 was analyzed for mercury, and
samples from wells 1, 3, 4, 6, 8, and House Spring were analyzed for
cadmium. Mercury and cadmium concentrations were helow the maximum
allowable limits.

Eight samples from four refuge wells were analyzed for
radionuclides., Dissolved gross beta activities ranged from 3.3 to
31 pCi/L (picocuries per liter). Suspended gross beta activities ranged
from 0.7 to 33 pCi/L in five samples and were undetected in three samples,
Dissolved gross alpha concentrations ranged from 3.7 to 81 ug/L
(micrograms per liter). Suspended gross alpha concentrations were 1.5 and
34 ug/L in two samples and undetected In six samples, Concentrations of
radon, uranium, and radium-226 were not determined in water from the four
wells, and therefore compliance with Federal and State of Arizona drinking
water maximum contaminant levels for gross alpha activity cannot be
determined. Gross alpha concentrations were within a typical range for
natural water (Hem, 1985).. Analyses of samples done by Arizona State
University indicated that no manmade radionuclides were present (John W.
McKlveen, Director, Radiation Measurements Facility, Arizona State
University, College of Engineering and Applied Sciences, written commun,,
1986); therefore, radicactivities resulted from naturally occurring
materials in the ground-water system.

POTENTIAL FOR LONG-TERM WATER SUPFLY

Ground-water withdrawals in San Bernardino Valley mnorth of the
international boundary with Mexico have remained relatively constant
because of the absence of large-scale irrigation. Water levels have
fluctuated because of changes in precipitation amounts but have remained
stable since the mid-1950's. Effects of irrigation pumping in Mexico on
ground-water conditions in the refuge are not known. Long-term discharge
or water-level measurements have not been made on the refuge wells, and
detailed records of pumpage in Mexico are not available.

The response of the ground-water system to pumping stress is
dependent on pumping locations and the geometry and characteristics of the
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aquifer, Thickness, lithology, and permeability of water-bearing units
determine ground-water flow rates. Ground-water withdrawals from wells
near the international boundary would have the greatest effect on flow
from refuge wells. The effect of large withdrawals on flow from refuge
wells is determined by the degree of hydraulic connection between the
water-bearing units. The deep water-bearing unit or the units that
provide water to refuge wells probably are hydraulically connected to
shallower units through discontinuities in overlying fine-grained layers.
Under present (1989) conditions, ground-water withdrawals in Arizona and
in Mexico do not severely affect flow rates at refuge wells.

Additional information is needed to evaluate the ground-water
system and determine the potential for long-term supply. Measurements of
aquifer characteristics such as transmissivity, hydraulic conductivity,
and storage coefficient would allow for more accurate predictions of
water-level declines caused by pumping., Data relating to the thickness
and lateral extent of alluvial and basalt units, in addition to aquifer
characteristics, would provide more detailed information on hydraulic-head
relations and ground-water movement, Close monitoring of discharge from
refuge wells, ground-water quality, and pumping in nearby areas could
identify trends or changes in ground-water conditions. Available data are
insufficient to accurately predict aquifer response to increased pumping
of ground water,

SUMMARY

The hydrologic system in the San Bernardino National Wildlife
Refuge provides an adequate ground-water supply for restoration and
maintenance of the unique wetlands habitat for fish and wildlife,
Surface-water supplies in the area are sparse and unreliable, and thus
habitat restoration and protection depends on the availability of a
reliable supply of ground water of acceptable chemical quality.

Results of field investigations pertaining to geology, water
quality, aquifer hydraulics, and water use indicate that an adequate
supply of good-quality water is available under existing hydrologic
conditions. 8Small quantities of artesian flow are available from nine
wells, and small pumps could be used to increase water quantity for short-
term demands. The total effects of enviromnmental stresses on the ground-
water system, however, cannot be evaluated on the basis of available data.
Further studies involving additional data-collection activities, including
data on well-discharge rates, ground-water quality, and pumpage in areas
near the refuge, could provide information necessary for a more accurate
evaluation of the hydrologic system
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Introduction

An aquifer test was performed at the San Bernardino National Wildlife Refuge
(Refuge) between December 2 and 5, 2002, The test was conducted by the US Fish and
Wildlife Service (Service) to determine hydraulic properties such as transmissivity and
storativity of a deep, confined aquifer that acts as the sole source of water to Refuge
ponds that are used as habitat for rare, endangered fish, A contractor was hired by the
Service to install a pump for water withdrawals and monitor the flow rate of the pumping
well. A Branch of Water Resources hydrologist monitored water-level responses in

nearby wells using electronic pressure transducers and manual tape downs,

Discussion

The San Bernardino National Wildlife Refuge is located in the San Bernardino
Valley of southeastern Arizona, which is considered part of the Basin and Range
province (Longsworth, 1991), Although the nature of the subsurface in San Bernardino
Valley is not known exactly, the general framework in the area of the Refuge consists of
an upper unit of basin-fill sediments and interbodded basalts overlying an intermediate
unit of lacustrine clays that act as a confining unit to the basin-fill sediments of the lower
unit (Longsworth, 1991), This lower unit is the confined aquifer this investigation
examined,

The existing infrastructure for water supply at the San Bernardino Refuge consists
of several wells drilled to support adjacent wetlands for federally-listed threatened and
endangered fish (see Figure 1). These wells are completed into the deep, confined
aquifer and all show artesian pressures at well heads ranging from about 3 feet of
pressure at the northernmost welt (Bunting) to about 36 feet of pressure at the
southernmost well (East Border) and also include about 18 feet of pressure at Oasis and
about 8 feet of pressure at Twin 2. The differences in pressure are directly related to the
various land surface elevations at the location of the well, Hydrographs of the vatious
wells since continuous logging began in early 2002 are shown in Figure 2. The graph is
carrected to well-casing benchmarks in which pressures at the wellhead were converted
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Figure 1. Map showing location of wells on San Bernardino National Wildlife Refuge
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to feet above mean sea level according to the NGVD of 1929 and illustrates the north fo
south trend of ground-water flow in the San Bernardino Valiey. Two things are
immediately discerned from an examination of the hydrographs. First, there are
relatively small changes in the water levels of ail the wells when looked at from an
annual perspective. In other words, there appears to be no seasonal changes in water
levels corresponding to an annual high or low, Secondly, there are many targe spikes in
well pressures in certain wells in both a positive and negative direction, The cause of
these pressure spikes is not yet ascertained and is currently under investigation, Also, it
should be noted that the hydrograph for well Twin 2 appears to be lower than would be
expected for the hydraulic gradient of the valley. This can be attributed to the fact that all
wells being measured are flowing at various flow rates to the endangered fishponds on
the Refuge property. Although all the wells are allowed to fiow, the flow rate of well
Twin 2 exceeds that of any other well and so the corresponding hydrograph reflects the
excessive decrease in the potentiometric surface at the Twin 2 well head. Examination of
well responses during the recovery period of the aquifer test show that pressures at the
Twin 2 wellhead can be lowered as much as 9 feet under flowing conditions in
comparison to the non-flowing conditions, |

Twin 2 was selected as the pumping site due to its central location on the refuge
as well as the fact that it was one of the most recently constructed wells being completed
in 1994, It was drilled to a total depth of 600 feet below land surface (BLS) and
completed with 6 inch plain-wall casing to 290 feet BLS with slotted casing from 290 to
590 feet BLS, The depths of the monitoring wells are not known for certain with the
exception of East Border, which has a total depth of 531 feet BLS, It is surmised that the
* monitoring wells have similar depths and screened intervals to that of Twin 2 and East
Border, For example, other wells at the refuge (not monitored) have total depths of 600
feet (North Well) and 583 feet (Twin 1-plugged to 439 feet BL.S),

Pumping was initiated at 14:10 on December 2, 2002, The pumping rate was held
constant af 330 gallons per minute (GPM) for 4320 minutes, ending at 14:10 on
December 5, 2002. The pump was installed by Elbrock Water Systems to a depth of 342
feet below top of casing with the flow rate being monitored with an impeller type flow
meter. Discharge waters were routed into Black Draw located approximately 200 feet






east of the pumping well. Wells monitored for water level responses at various distances
from the pumped well include: East Border at 2,375 feet, Qasis at 1,885 feet, Twin 1 at
224 feet, and Bunting at 5,370 feet,

Well responses' at the 4 wells were monitored using either electronic pressure
transducers or a hand-held electric tape, A composite hydrograph of the 4 wells
monitored during the aquifer test is shown in Figure 3, This figure shows water levels
adjusted to mean sea level, Individual hydrographs for each monitoring well during the
aquifer test are included in Appendix A. These fi gures have been adjusted to show waier
level displacement in individual wells from the effects of pumping,

Well responses were analyzed using the Theis and Cooper-Jacob methods for
confined aquifers, For a full treatise on both methods, the reader is referred to an
indusiry standard text on well hydraulics: Analysis and Evaluation of Pumping Test Data,
by Kruseman and de Ridder, 1991, Both methods assume unsteady-state flow and relate

that the “rate of decline of head, multiplied by the storativity and summed over the area
of influence, equals discharge,” (Kruseman and de Ridder, 1991). However, both
methods vary slightly in implementation and as such may provide different estimates of
transmissivity and storativity.

The Theis method uses a curve-matching technique in which observed well
drawdowns are plotted using log-log paper and superimposed over a Theis Well Function
Type Curve, Because the Theis Type Curve has been normalized to log-log paper using
dimensionless drawdown and time axes, the tesulting two curves (observed drawdown
and Theis Type Curve) will be of the same shape. The offset in the horizontal and
vertical directions relate to the aquifer constanis of transmissivity and storativity,

The Jacob-Cooper straight-line method uses a technique in which observed
drawdown data are plotted on semi-log paper with time plotted along the log axis where a
straight line is extended through the data until it intercepts the time-axis, The slope of the
line directly relates fo the aquifer constants of transmissivity and storativity.

Both methods wete utilized through the software program AQTESOLY (Duffield,
1996). AQTESOLYV contains within its program the necessary equations and Type
Curves to allow easy analysis of drawdown data. Although the program defaults to an
automatic solution of the imported data, the hydrologist conducting the analysis has the
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option to override this feature and conduct manual analysis. The author of this report
used this feature exclusively and manually matched the Theis Type Curve to observed
data as well as manually plotted straight-lines when using the Cooper-Jacob method.
This method was preferred because the hydrologist was able to use his experience and
judgment of the hydrogeologic framework when determining if an automatic solution
was questionable, This proved to be the case often when using AQTESOLYV., However,
the internal mechanisms of the program for the generation of Type Curves and the
solution of pertinent equations are sound and made plotting the data easy and time
efficient.

Table 1 lists the results of enalyzing the 4 observation wells monitored during the
aquifer test. It can be seen that estimates for transmissivity for the refuge as a whole
range from 1,777 to 3,250 feet squared per day (f*day), and that storativity ranges from
1.1x10%to 1.9 x 10%,

Table 1: Hydraulic parameters calculated for various wells during aquifer test,

Well Name  Transmissivity  Transmlssivity Teansmissivity Storativity  Storativily

Thels Theis Cooper-Jacob Thels Cooper-Jacob
Drawdown, Recovery, Drawdown,  Drawdown  Drawdown
in (t}/dny in ft*/day in f}/day

East Border 2,519 2,439 3,250 TIx10° 73x107
Twin 1 1,777 1,807 1,806 22x 107 1.9x 167
Oasis 2,192 1,961 2,957 5.0x 107 36x 07
Bunting 1,996 33x 107
Average 2,121 2,069 2,671 54x 107 4.3 x 107

Average values for the estimates of transmissivity for all wells are also listed on Table 1
and represent the bulk hydrogeology of the subsurface of the refuge as a whole, Average
values of transmissivity for individual wells are as follows: 2,736 ft*/day for East Border,
1,797 f/day for Twin 1, 2,370 ft¥/day for Oasis, and 1,996 f*/day for Bunting. The
variation in estimates for hydraulic parameters among the 4 wells monitored can be
directly attributed to the heterogeneity of the aquifer materials being tested,

Heterogeneity refers to the spatial variation of hydrautic conductivity within a geologic






formation (Freeze and Cherry, 1979), In other words, a body of earth materials has
natural variations in its physical structure due to irregularities from the layering of
sediments and rocks during deposition and from the variability of secondary erosional
forces afler deposition. These conditions directly affect storativity and hydraulic
conductivity, and thus transmissivity of an aquifer, Transmissivity is calculated as the
product of hydraulic conductivity of an aquifer multiplied by its thickness (Freeze and
Cherry, 1979). Since the exact thickness of the aquifer is not known in the area of the
San Bernardino Refuge, only values of transmissivity are reported. Storativity (a
dimensionless parameter) is defined as “the volume of water that an aquifer releases from
storage per unit surface area of an aquifer pet unit decline in hydraulic head” (Freeze and
Cherry, 1979). Another way of stating this is that storativity of a confined aquifer is a
concept that represents the amount of water released from an aquifer’s rock matrix with a
decline in hydraulic head, This is water derived from a release in pressure, not from
actual draining of pore spaces, which is the case in unconfined, water-table aquifers,
These two parametets are important in hydrogeologic investigations in order to
understand how an aquifer will react to stresses such as development by large scale
pumping. By using average values of the two parameters estimated from the Theis and
Coopet-Jacob methods, manageré can estimate the change in the potentiometric surface
of the confined aquifer at the Refuge due to development adjacent to the Refuge. These
estimates should be very accurate provided that the values of transmissivity and
storativity derived from this investigation for the aquifer in the area of the Refuge
represent the entire confined aquifer of the San Bernardino Valley.






Summary

An aquifer test was conducted on an artesian aquifer at the San Bemnardino
National Wildlife Refuge on December 2-5, 2002, Hydraulic parameters were estimated
from analyzing water level responses from 4 nearby monitor wells located within the
Refuge boundaries. Estimates of transmissivity calculated from water level drawdowns
range from 1,777 to 3,250 (ft"/day), while storativity estimates range from 1.1x 10° to
1.9x 104, The average estimates caloulated for the 4 monitor wells from the two
methods outlined show an average value for transmissivity of 2,095 (ft*/day) and 5.4 x
10* for storativity from the Theis analysis (averaged from the drawdown and recovery
meﬁhods), and an average value for transmissivity of 2,671 (f%day) and 4.3 x 10 for
storativity from the Cooper-Jacob analysis. Spatially, the analysis shows higher
estimates toward the southern end of the refuge with the East Border well showing the
highest cstimates of both hydraulic parameters, Although these esiimates may appear to
have a wide variation to the unaccustomed eye, the range of values is well within

expected limits for the given geology of the area.
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WELL TEST ANALYSIS
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| WELL DATA
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SOLUTION
Aquifer Model: Confined Solution Method: Thels
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WELL TEST ANALYSIS
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Date; 03/12/03

Time: 16:16;52

Saturated Thickness; 300. f

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

WELL DATA

Pumping Wells . Observation Wells
| Well Name X (ft Y (f) j [Well Name X(f Y (ft)
e |
| Twin 2 ] 0 0 | i=Twini 224 0
SOLUTION

Aquifer Model; Confined

T = 1806.5 ft%/day

Solution Method: Cooper-Jacob
§ =0.0001927
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WELL DATA
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Twin2 0 ] 0 = Twin 1 224 0
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Aquifer Model: Confined
T =1807.3 ft%/day

Solution Method: Theis (Recovery)
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WELL TEST ANALYSIS
Data Set: C:\Arlzona\San_Bemardino\AqquerTest_120202\Oasis_T.aqt
Date: 03/12/03 Time: 16:16:44
WELL DATA
Pumping Wells Observation Wells
Well Name X () Y (ft) Well Name X (ft) Y {ft}
Twin 2 0 0 + Qasls 1885 0
SOLUTION
Aquifer Model; Confined Solution Method: Theis
T  =21921 ft%/day S =0.0005019

Kz/Kr = 1. b =300, ft
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Data Set: C:\Arizona\San_Bernardino\AquiferTest_120202\0asis_Rec.aqt
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Time: 16:16:36

Saturated Thickness: 300. ft

AQUIFER DATA
Anisotropy Ratlo (Kz/Kr}: 1.

WELL DATA
Pumping Wells Observation Wells
Well Name X (ft) Y (ft) Well Name X (ft) Y (ft)
Twin 2 0 0 | + Oasis 1885 0
SOLUTION

Aquifer Model: Confined
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Solution Method: Theis (Recovery)
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~ WELL DATA
j " Pumping Wells Observation Wells .
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SOLUTION
¢ Aquifer Model: Confined Salution Method: Theis
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WELL TEST ANALYSIS
Data Set: C:\Arizona\San_Bernardino\AquiferTest_1 20202\EastBorder_REC.aqt
Date: 03/12/03 Time: 16:15:58
AQUIFER DATA
Saturated Thickness: 300, f Anisotropy Ratio (Kz/Kr): 1.
WELL DATA
Pumping Wells Observation Wells
Weil Name XMy ] Y(f) Well Name X (ft) Y () |
Twin 2 0 0 '+ EastBorder 2375 0 |
SOLUTION

Aquifer Model: Confined

Solution Method: Theis (Recovery)

T =2438.9 ft%/day ' = 2.271







Hi Kelly;

| know you are very busy with so many issues, and | am thankful you for the opportunity on Monday to sit
down with you and- to discuss the ongoing border infrastructure project and related topics. It was
great to clarify known information, help clear up misinformation, identify all the currently existing
conditions, and make plans for moving forward.

It seems like monitoring the various existing wells, and alerting each other to any potential changes may
be our best plan forward. Refuge staff will be monitoring refuge well discharge rates and monitoring
refuge well depth to water and providing that information to DHS/USACOE. We look forward to any water
use information from the Glenn Ranch "Granite Well" if you are able to periodically provide it to us as part
of this monitoring effort. The goal of all this monitoring is to use all the data to help evaluate any possible
effects of water withdrawal related to the border infrastructure project.

Attached below is the Fish and Wildlife Refuge Aquifer Test (Pump Test) that Mr. Elbrock helped us
perform on the refuge back in 2002. This is the test that helped us produce the "model" to help assess
the impacts of future water withdrawal. Also attached are two hydrology reports relative to the San
Bernardino Valley. One of these, the USGS report, is in two attachments (the two attachments equal one
complete report). These may be interesting to you, as they help define the aquifer and provide basic
background information about the aquifer in the valley. At the very least, you now have them and can just
file them away. These are simply for your information, as | understood you were otherwise unaware of the
reports. Please reach out to me if you have any questions, need any information from me, or otherwise
need to talk about any of this.

Thank you for your help, Bill

William R. Radke; Project Leader

U.S. Fish and Wildlife Service

Buenos Aires, Leslie Canyon, & San Bernardino NWRs
P.O. Box 3509

Douglas, AZ 85608

Cell: (520) 508-7180





